
Table B.1.: Selection of (putative) substrates, catabolic reactions and available standard energies changes related to methanogenesis and 

organized by catabolic pathways and more favorable energetic changes in standard conditions. Standard Gibbs free energies are expressed 

for 298.15 K, 1 atm, pH 7 and 1 M of each chemical species (albeit proton), thus some reactions have been adapted from literature to meet these 

criteria. Reactions involving sulfide are expressed for       
–

 remembering that       
–

           equilibrium is very close to neutral pH (pKa = 

6.97–7.05, [1,2] . The ‘3,5-dimethoxy-4-acetyl-phenol’ mentioned by M yumi et  l. [3] could not have been identified in the literature or on the 

online PubChem chemistry database (https://pubchem.ncbi.nlm.nih.gov/). To avoid confusion, electron donor (   or formate) involved in a 

methyl-dependent hydrogenotrophic reaction is mentioned after the electron acceptor.    , proton and methane are in their aqueous form while 

water is in liquid phase. aq., aqueous; F., formate; G., genomic potential; M.: mixed approaches; nd: not determined; P.: physiological conditions, 
i
: 

intermediate catabolic reaction; *: equation deduced from the publication; **: hypothesized by the authors. 

 

 

 

 

 



 

Substrate Main methane co-product Methanogenic reaction 
ΔG0’  

(kJ mol–1) 

ΔG0’  

(kJ mol–1 
CH4) 

Eviden

ce 

Reference for evidence 

of methanogenesis 

METHYL-REDUCING HYDROGENOTROPHIC/ METHYL-REDUCING FORMATOTROPHIC 

Trimethylamine (aq) + H2 (aq)
 i
 Dimethylamine (aq)         

                        
 
 –92.5 –92.5 P., * [4] 

Dimethylamine (aq) + H2 (aq)
 i
 Methylamine (aq)          

                     
  –88.6 –88.6 P., * [4] 

Trimethylamine (aq) + F. (aq)
 i
 Dimethylamine (aq),     (aq)         

        
–
                             

 
 –69.9 –69.9 P., * [5] 

Dimethylamine (aq) + F. (aq)
 i
 Methylamine (aq),     (aq)          

        
–
                          

  –66.1 –66.1 P., * [5] 

Tetramethylammonium (aq) + H2 (aq)
 i
 Trimethylamine (aq)        

                       
  –210.6 –210.6 P., * [6]  

Tetramethylammonium (aq) + F. (aq)
 i
 Trimethylamine (aq),     (aq)        

        
–
                            

  –188.1 –188.1 P., * [6] 

Dimethylsulfide (aq) + H2 (aq)
 i
 Methanethiol (aq)                             –67.7 –67.7 P., * [7]  

Dimethylsulfide (aq) + F. (aq)
 i
 Methanethiol (aq),     (aq)               

–
                          –45.2 –45.2 P., * [7] 

METHYL-DISMUTATING 

Tetramethylammonium (aq)
 i
 Trimethylamine (aq),     (aq)         

                                 
  –649.3 –216.4 P. [8] 

Dimethylsufide (aq)
 i
 Methanethiol (aq),     (aq)                                        –77.7 –25.9 P., * [9] 

Trimethylamine (aq)
 i
 Dimethylamine (aq),     (aq)          

                                 
  –176.8 –58.9 P., * [10] 

Dimethylamine (aq)
 i
 Methylamine (aq),     (aq)           

                               
  –161.6 –53.9 P., * [10] 

Dimethylethylamine (aq) Methylethylamine (aq),     (aq)                                                 nd nd P. [11] 

Dimethylethylamine (aq)
 i
 Methylethylamine (aq),     (aq)                                                   nd nd P., * [11] 

Methylethylamine (aq) Ethylamine (aq),     (aq)                                               nd nd P., * [11] 

5-methylfurfural (aq) Furfural (aq),     (aq)                                              nd nd P., * [12] 

2-methylfurfural (aq) Furfural (aq),     (aq)                                              nd nd P., * [12] 

METHOXYL-DISMUTATING 

2-methoxybenzoate (aq) 2-hydroxybenzoate (aq),     (aq)               
–
                                 

–
 nd nd P., * [3] 

3-methoxybenzoate (aq) 3-hydroxybenzoate (aq),     (aq)               
–
                                 

–
 nd nd P., * [3] 

3,5-dimethoxybenzoate (aq ?) 3,5-dihydroxybenzoate (aq),     (aq)                
–
                                    

–
 nd nd P., * [3] 

3,5-dimethoxy-4-hydroxybenzoate (aq) 3,5-dihydroxy-4-hydroxybenzoate (aq),     (aq)                    
–
                                    

–
 nd nd P., * [3] 

2,3,4-trimethoxybenzoate (aq) 2,3,4-trihydroxybenzoate (aq),     (aq)                
–
                                     

–
 nd nd P., * [3] 



2,4,5-trimethoxybenzoate (aq) 2,3,4-trihydroxybenzoate (aq),     (aq)                
–
                                     

–
 nd nd P., * [3] 

2-methoxycinnamate (aq ?) 2-hydroxycinnamate (aq ?),     (aq)                    
–
                                      

–
 nd nd P., * [3] 

3-methoxycinnamate (aq ?) 3-hydroxycinnamate (aq ?),     (aq)                    
–
                                      

–
 nd nd P., * [3] 

4-methoxycinnamate (aq ?) 4-hydroxycinnamate (aq ?),     (aq)                    
–
                                      

–
 nd nd P., * [3] 

3-methoxy-4-hydroxycinnamate (aq ?) 3,4-dihydroxycinnamate (aq ?),     (aq)                        
–
                                         

–
 nd nd P., * [3] 

2,3-methoxycinnamate (aq ?) 2,3-dihydroxycinnamate (aq ?),     (aq)                     
–
                                         

–
 nd nd P., * [3] 

3,4-methoxycinnamate (aq ?) 3,4-dihydroxycinnamate (aq ?),     (aq)                     
–
                                         

–
 nd nd P., * [3] 

2,5-methoxycinnamate (aq ?) 2,5-dihydroxycinnamate (aq ?),     (aq)                     
–
                                         

–
 nd nd P., * [3] 

3,4,5-trimethoxycinnamate (aq?) 3,4,5-trihydroxycinnamate (aq?),     (aq)                     
–
                                          

–
 nd nd P., * [3] 

3,5-methoxy-4-hydroxycinnamate (aq ?) 3,4,5-trihydroxycinnamate (aq ?),     (aq)                         
–
                                         

–
 nd nd P., * [3] 

3-methoxy-phenol (aq) 3-hydroxyphenol (aq),     (aq)                                                  nd nd P., * [3] 

3,5-dimethoxy-4-acetyl-phenol nd nd nd nd P., * [3] 

3,4,5-trimethoxy-phenol 3,4,5-trihydroxyphenol,     (aq)                                                  nd nd P., * [3] 

1,2,3-trimethoxy-benzene 1,2,3-trihydroxybenzene,     (aq)                                                nd nd P., * [3] 

1,2,4-trimethoxy-benzene 1,2,4-trihydroxybenzene,     (aq)                                                nd nd P., * [3] 

1,3,5-trimethoxy-benzene 1,3,5-trihydroxybenzene,     (aq)                                                nd nd P., * [3] 

2-methoxy-phenyl-acetate 2-hydroxyphenylacetate,     (aq)                  
–
                                      

–
 nd nd P., * [3] 

3-methoxy-phenyl-acetate 3-hydroxyphenylacetate,     (aq)                  
–
                                      

–
 nd nd P., * [3] 

4-methoxy-phenyl-acetate 4-hydroxyphenylacetate,     (aq)                  
–
                                      

–
 nd nd P., * [3] 

3,4,5-trimethoxy-phenyl-acetate 3,4,5-trihydroxyphenylacetate,     (aq)                   
–
                                        

–
 nd nd P., * [3] 

3-methoxy-4-hydroxybenzaldehyde 3,4-dihydroxybenzaldehyde,     (aq)                                                    nd nd P., * [3] 

3,5-dimethoxy-4-hydroxy-benzaldehyde 3,4,5-trihydroxy-benzaldehyde,     (aq)                                                        nd nd P., * [3] 

3,4,5-trimethoxy-benzaldehyde 3,4,5-trihydroxy-benzaldehyde,     (aq)                                                      nd nd P., * [3] 

4-methoxy-benzyl-alcohol 4-hydroxy-benzyl-alcohol,     (aq)                                                     nd nd P., * [3] 

3,4,5-trimethoxy-benzyl-chloride 3,4,5-trihydroxy-benzyl-chloride,     (aq)                 l                                      l nd nd P., * [3] 

3,4,5-trimethoxy-benzyl-alcohol 3,4,5-trihydroxy-benzyl-alcohol,     (aq)                                                          nd nd P., * [3] 

2-methoxy-benzene-1,4-diol 2-hydroxy-benzene-1,4,-diol,     (aq)                                                nd nd P., * [3] 

3-methoxy-4-hydroxy-acetophenone 3,4-dihydroxy-acetophenone,     (aq)                                                nd nd P., * [3] 

2-methoxy-3-pyridinecarboxylate 2-hydroxy-3-pyridinecarboxylate,     (aq)                
–
                                  

–
 nd nd P., * [3] 



ALKANOTROPHIC 

n-Propane (aq)     (aq)                            –66.4 –13.3 G, ** [13] 

n-Butane (aq)     (aq)      0                        –182.3 –14.0 G, ** [13] 

n-Pentane (aq)     (aq)                           –58.0 –14.5 G, ** [14] 

n-Hexane (l)     (aq)           0                   –197.2 –10.4 G, ** [14] 

n-Heptane (l)     (aq)                              –116.5 –10.6 G, ** [14] 

n-Octane (l)     (aq)                               –269.0 –10.8 G, ** [14] 

n-Nonane (l)     (aq)     0                      –76.2 –10.9 G, ** [14] 

n-Decane (l)     (aq)    0                           –340.7 –11.0 G, ** [14] 

n-Undecane (l)     (aq)            0                   –188.3 –11.1 G, ** [14] 

n-Dodecane (l)     (aq)                                 –412.4 –11.1 G, ** [14] 

n-Tridecane (l)     (aq)                  0           –112.1 –11.2 M., * [15] 

n-Tetradecane (l)     (aq)       0                         –484.2 –11.3 M., * [15] 

n-Pentadecane (l)     (aq)                                –260.0 –11.3 M., * [15] 

n-Heptadecane (l)     (aq)                              –148.0 –11.4 M., * [15] 

n-Octadecane (s)     (aq)                                 –641.4 –11.7 M., * [15] 

n-Nonadecane (s)     (aq)       0                        –336.9 –11.6 M., * [15] 

n-Eicosane (s)     (aq)    0                            –706.0 –11.6 M., * [15] 

n-Heneicosane (s)     (aq)           0                   –184.6 –11.5 M., * [15] 

n-Docosane (s)     (aq)                                 –770.7 –11.5 M., * [15] 

n-Tricosane (s)     (aq)                                 –401.5 –11.5 M., * [15] 

n-Tetracosane (s)     (aq)       0                         –835.3 –11.4 M., * [15] 

n-Pentacosane (s)     (aq)                               –216.9 –11.4 M., * [15] 

n-Hexacosane (s)     (aq)            0                    –900.0 –11.4 M., * [15] 

n-Heptacosane (s)     (aq)                                 –466.2 –11.4 M., * [15] 

n-Octacosane (s)     (aq)                                 –964.7 –11.3 M., * [15] 

n-Nonacosane (s)     (aq)      0                        –249.2 –11.3 M., * [15] 

n-Triacontane (s)     (aq)    0                            –1029.3 –11.3 M., * [15] 

n-Hentriacontane (s)     (aq)            0                    –530.8 –11.3 M., * [15] 



n-Dotriacontane (s)     (aq)                                 –1094.0 –11.3 M., * [15] 

n-Tritriacontane (s)     (aq)                               –281.6 –11.3 M., * [15] 

n-Tetratriacontane (s)     (aq)       0            0             –1158.6 –11.2 M., * [15] 

n-Pentatriacontane (s)     (aq)                                 –585.5 –11.2 M., * [15] 

n-Hexatriacontane (s)     (aq)            0       0             –1223.3 –11.2 M., * [15] 

n-Heptatriacontane (s)     (aq)                               –313.9 –11.2 M., * [15] 

n-Octatriacontane (s)     (aq)                                  –1287.9 –11.2 M., * [15] 

ALKYLOTROPHIC 

n-Tridecylbenzene (l)     (aq)                                         –311.9 –11.6 M., * [15] 

n-Tetradecylbenzene (l)     (aq)                                         –659.7 –11.6 M., * [15] 

n-Pentadecylbenzene (l)     (aq)                                       –173.9 –11.6 M., * [15] 

n-Heptadecylbenzene (s)     (aq)                                         –375.4 –11.4 M., * [15] 

n-Octadecylbenzene (s)     (aq)                                         –783.1 –11.3 M., * [15] 

n-Nonadecylbenzene (s)     (aq)                                       –203.9 –11.3 M., * [15] 

n-Eicosylbenzene (s)     (aq)                                         –847.8 –11.3 M., * [15] 

n-Heneicosylbenzene (s)     (aq)            0       0                    –440.1 –11.3 M., * [15] 

n-Docosylbenzene (s)     (aq)                                         –912.4 –11.3 M., * [15] 

n-Tricosylbenzene (s)     (aq)                                       –236.2 –11.2 M., * [15] 

n-Tetracosylbenzene (s)     (aq)                                         –977.1 –11.2 M., * [15] 

n-Pentacosylbenzene (s)     (aq)                                         –504.7 –11.2 M., * [15] 

n-Hexacosylbenzene (s)     (aq)                    0                    –1041.7 –11.2 M., * [15] 

n-Heptacosylbenzene (s)     (aq)                                       –268.5 –11.2 M., * [15] 

n-Octacosylbenzene (s)     (aq)                                         –1106.4 –11.2 M., * [15] 

n-Nonacosylbenzene (s)     (aq)                                         –569.4 –11.2 M., * [15] 

n-Triacontylbenzene (s)     (aq)                            0             –1171.0 –11.2 M., * [15] 

n-Hentriacontylbenzene (s)     (aq)           0                       0    –300.8 –11.1 M., * [15] 

n-Dotriacontylbenzene (s)     (aq)                                          –1235.7 –11.1 M., * [15] 

n-Tritriacontylbenzene (s)     (aq)                                         –634.0 –11.1 M., * [15] 

n-Tetratriacontylbenzene (s)     (aq)                                          –1300.4 –11.1 M., * [15] 



n-Pentatriacontylbenzene (s)     (aq)                           0            –333.2 –11.1 M., * [15] 

n-Hexantriacontylbenzene (s)     (aq)                    0                     –1365.0 –11.1 M., * [15] 

n-Heptatriacontylbenzene (s)     (aq)                                         –698.7 –11.1 M., * [15] 

n-Octatriacontylbenzene (s)     (aq)                                          –1429.7 –11.1 M., * [15] 

n-Nonatriacontylbenzene (s)     (aq)                                        –365.5 –11.1 M., * [15] 

n-Tridecylcyclohexane (l)     (aq)                                          +244.6 +4.3 M., * [15] 

n-Tetradecylcyclohexane (l)     (aq)                    0                  +50.9 +3.4 M., * [15] 

n-Pentadecylcyclohexane (l)     (aq)                                          +160.0 +2.5 M., * [15] 

n-Heptadecylcyclohexane (s)     (aq)                                          +144.3 +2.1 M., * [15] 

n-Octadecylcyclohexane (s)     (aq)                                        +27.7 +1.5 M., * [15] 

n-Nonadecylcyclohexane (s)     (aq)                     0                    +77.0 +1.0 M., * [15] 

n-Eicosylcyclohexane (s)     (aq)                                          +21.7 +0.6 M., * [15] 

n-Heneicosylcyclohexane (s)     (aq)             0                            +9.7 +0.1 M., * [15] 

n-Docosylcyclohexane (s)     (aq)                                        –6.0 –0.3 M., * [15] 

n-Tricosylcyclohexane (s)     (aq)                                          –57.6 –0.7 M., * [15] 

n-Tetracosylcyclohexane (s)     (aq)                     0                    –45.6 –1.0 M., * [15] 

n-Pentacocylcyclohexane (s)     (aq)                                          –124.9 –1.3 M., * [15] 

n-Hexacosylcyclohexane (s)     (aq)                                        –39.6 –1.7 M., * [15] 

n-Heptacosylcyclohexane (s)     (aq)                                           –192.2 –1.9 M., * [15] 

n-Octacosylcyclohexane (s)     (aq)                                           –112.2 –2.2 M., * [15] 

n-Nonacosylcyclohexane (s)     (aq)                     0       0              –259.5 –2.5 M., * [15] 

n-Triacontylcyclohexane (s)     (aq)                                        –73.3 –2.7 M., * [15] 

n-Hentriacontylcyclohexane (s)     (aq)             0                              –326.8 –2.9 M., * [15] 

n-Dotriacontylcyclohexane (s)     (aq)                                           –180.2 –3.2 M., * [15] 

n-Tritriacontylcyclohexane (s)     (aq)                                            –394.1 –3.4 M., * [15] 

n-Tetratriacontylcyclohexane (s)     (aq)                    0       0       0     –106.9 –3.6 M., * [15] 

n-Pentatriacontylcyclohexane (s)     (aq)                                            –461.4 –3.8 M., * [15] 

n-Hexatriacontylcyclohexane (s)     (aq)                                           –247.5 –3.9 M., * [15] 

n-Heptacontylcyclohexane (s)     (aq)                                            –528.7 –4.1 M., * [15] 



n-Octacontylcyclohexane (s)     (aq)                                          –140.6 –4.3 M., * [15] 

n-Nonacontylcyclohexane (s)     (aq)                     0                      –596.0 –4.4 M., * [15] 

n-Tetracontylcyclohexane (s)     (aq)                                          –314.8 –4.6 M., * [15] 

FATTY ACIDS OXIDATION 

n-Hexanoate (aq)     (aq)             
–
                           –113.3 –14.2 G., ** [13] 

n-Heptanoate (aq)     (aq)              
–
    

 
    0                   –278.6 –14.7 G., ** [13] 

n-Octanoate (aq)     (aq)              
–
    

 
                       –165.4 –15.0 G., ** [13] 

n-Nonanoic acid (l)     (aq)                                        –427.7 –17.1 G., ** [13] 

n-Decanoic acid (s)     (aq)                                    –249.2 –17.8 G., ** [13] 

n-Undecanoic acid (s)     (aq)                                        –534.5 –17.2 G., ** [13] 

n-Dodecanoic acid (s)     (aq)           0        0                   –285.4 –16.8 G., ** [13] 

n-Tridecanoic acid (s)     (aq)                                         –607.0 –16.4 G., ** [13] 

n-Tetradecanoic acid (s)     (aq)                          0           –321.6 –16.1 G., ** [13] 

n-Pentadecanoic acid (s)     (aq)                                         –679.4 –15.8 G., ** [13] 

n-Hexadecanoic acid (s)     (aq)                                        –357.8 –15.6 G., ** [13] 

n-Heptadecanoic acid (s)     (aq)                    0                    –751.9 –15.3 G., ** [13] 

n-Octadecanoic acid (s)     (aq)                                      –394.1 –15.2 G., ** [13] 

n-Nonadecanoic acid (s)     (aq)                                         –824.3 –15.0 G., ** [13] 

n-Eicosanoic acid (s)     (aq)                                         –430.3 –14.8 G., ** [13] 

n-Heneicosanoic acid (s)     (aq)                                         –896.8 –14.7 G., ** [13] 
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