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Abstract: Methanogens are unique microorganisms for methane production and the main contributor of the biogenic
methane in atmosphere. Methyl-coenzyme M reductase (Mcr) catalyzes the last step of methane production in methanogenesis
and the first step of methane activation in anaerobic oxidation of methane. The genes encoding this enzyme are highly
conserved and are widely used as a marker in the identification and phylogenetic study of archaea. There has been a
longstanding interest in its unique cofactor F43¢ and the underpinning mechanisms of enzymatic cleavage of alkane C-H bond.
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The recent breakthroughs of high-resolution protein and catalytic-transition-state structures further advanced the

structure-function study of Mcr. In particular, the recent discovery of methyl-coenzyme M reductase-like (Mcr-like) enzymes

that activates the anaerobic degradation of non-methane alkanes has attracted much interest in the molecular mechanisms of

C-H activation without oxygen. This review summarized the advances on function-structure-mechanism study of Mcr/Mcr-like

enzymes. Additionally, future directions in anaerobic oxidation of alkanes and greenhouse-gas control using Mcr/Mcr-like

enzymes were proposed.
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Fig. 1 The location of methyl-coenzyme M reductase (Mcr) in the global carbon cycle and methanogenic

pathways!>7''#261 (A) Mecr functions in the global carbon cycle as the key enzyme involved in methanogenesis and
anaerobic oxidation of methane. (B) Mcr acts as the key enzyme in the final step of hydrogenotrophic, methylotrophic

and acetoclastic methanogenesis.
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Fig. 3 The structures of Mcr (afy), complex, hydrophobic channel within active center in Mcr and its cofactor
Fu3 2030424334 (A) Overview structure of Mcr (afy), from M. marburgensis. The hetero-hexamer consists of two active
centers in which harbors Fy3, (purple), CoM-SH (yellow) and CoB-SH (green) (PDB code: 5SA0Y). The only covalent
bond of the Ni was Q147-O-Ni. The sixth coordination position of Ni was occupied by CoM-SH (yellow sticks). The
electron donor CoM-SH (green stikcs) located on the upper of the F43 cofactor (purple sticks). (B) The hydrophobic
channel (shown by light blue surface model) connected the protein surface and the deeply buried Ni site in which
harbored F,;3y (orange), CoM-SH (pink) and CoB-SH (yellow) (PDB code: 5SA0Y). (C) The chemical structure of Mcr

cofactor Fy3p in methanogens/ANME-2/3 and ANME-1P¢,
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Fig. 4 The proposed methyl radical catalytic mechanism of Mcr®*******1. The reactive Ni(I) attacked the S of
methyl-S-CoM (1). Producing a methyl radical and a Ni(I[)-S-CoM intermediate (2). The methyl radical captured the H
atom from the neighbored electron donor CoB-SH, generating a CH, and a CoB thiyl radical (3). A heterodisulide thiyl
radical was formed coupling with the release of CH4 (4). The Ni(I) was regenerated by accepting one electron from the

heterodisulide thiyl radical (5). The radical was marked as a closed-red cycle. The Ni-center was covalently adhered via
the GIn147 in Mcr protein (PDB code: 5A0Y)P*.
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Fig. 5 Modified amino acids in the active center of
Mcr?**%3 Mer from M. marburgensis contains the
thio-glycine, 1-N-methyl-histidine, S-methyl-cysteine,
5-methyl-arginine, 2-methyl-glutamine, and didehydro-
aspartate (highlighted by spheres)***®\. Additionally,
Mcr from M. formicicus and an ANME-1 archaeon
contains 6- and 7-hydroxy-tryptophane, respectively
CoB-SH, CoM-SH and F,;, were shown as lines. Ni site
bond to the protein via Gln147’ shown by sticks and balls.
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