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Microbial syntrophic methanogenesis: a review”
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Alsisa®  Methane is the second most important greenhouse gas as well as a typical renewable biomass energy. Currently,
about 74% of the methane in the atmosphere originates from the microbial syntrophic mehanogenesis process. Research on
microbial syntrophic methanogenesis is therefore very important for controlling global warming and developing clean energy.
This paper mainly reviews the types of methanogens, the process of syntrophic methanogenesis and its electron transfer. The
typical anaerobic syntrophic oxidation of organic matters consists of three steps that are mainly conducted by fermenting
bacteria, syntrophic bacteria, and methanogens. The energy released during syntrophic methanogenesis is extremely low. The
syntrophic methanogenesis process contains intraspecies electron transfer in syntrophic bacteria and interspecies electron
transfer between syntrophic bacteria and methanogens. Reverse electron transfer exists in intraspecies electron transfer in
syntrophic bacteria and displays as electron bifurcation and electron confurcation which both require energy input to drive
critical redox reactions. Interspecies electron transfer includes three types: interspecies hydrogen transfer (IHT), interspecies
formate transfer (IFT) and direct interspecies electron transfer (DIET). In the future, in order to apply the process of syntrophic
methanogenesis into practice, methods of gene knockout,high through-put sequencing and computational biology could be
utilized for the study of substrate and electron transfer between syntrophic microbes and the response of syntrophic microbes
to the environmental changes.

l@&mﬁb syntrophic metabolism; methanogen; electron transfer; interspecies hydrogen transfer; interspecies formate transfer;
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Table 1 The genome information of partial methanogenic bacteria"*
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Bl LB ENMHEEREERY. (2) —S B (Desulfovibrio species) B EAHIFLAR. (b)) IKIKFK K EE LIWE (Syntrophomonas
wolfei) HEACITT R, (¢) Wi B35 B (Syntrophus aciditrophicus) HEACHIZEHEZ. (d) HIREAL T E T (Syntrophobacter fumaroxidans) H.E AL
WINER. W5: CoA, fiifFA; Coo, NI 4% 18 &7 i E LW ; ETF, HF £ B RKEH; Fd, BRAEUILE M FeS red, g fbid )5 G ; FRD, fE#]
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Fig. 1 Syntrophic metabolism pathways for several typical organic compounds". (a) Syntrophic lactate metabolism by Desulfovibrio species. (b)
Syntrophic butyrate metabolism by Syntrophomonas wolfei. (c) Syntrophic benzoate metabolism by Syntrophus aciditrophicus. (d) Syntrophic propionate
metabolism by Syntrophobacter fumaroxidans. Abbreviations: CoA, coenzyme A; Coo, membrane-bound, ion-translocating hydrogenase; ETF, electron transfer
flavoprotein; Fd, ferredoxin; FeS red, iron-sulfur oxidoreductase; FRD, fumarate reductase; Hdr, heterodisulfide reductase; Hme, high-molecular-weight c-type
cytochrome complex; Hyn, hydrogenase; LDH, lactate dehydrogenase; MK, menaquinone; ox, oxidized; QRC, quinone reductase complex; red, reduced; RNF
(Rhodobacter nitrogen fixation), membrane-bound, ion-translocating ferredoxin: NAD" oxidoreductase; TpIC3, type I, cytochrome c3.
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