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Supplemental Fig. 1. Mass spectrometry data obtained on MCRα peptides. (A) Full spectrum 

(B) Close up of the 3450-3550 m/z region. Peaks of interest are highlighted with boxes: N1-

methylhistidine275 containing peptide (1452.9 Da vs predicted mass of 1452.7 Da), Gln418 

containing peptide (3468.8 Da vs predicted mass of 3468.6 Da). The alkylated peptide containing 

the thioglycine463 (3524.7 Da vs predicted mass of 3525.6 Da) is detected at a signal over noise 

threshold of 1.9. Low signal strength might be explained by increased instability of larger peptides. 



 

Supplemental Fig. 2. Native PAGE and UV/visible spectra profile of purified MsMCRs. (A) 

SDS-PAGE of cell extract obtained from methanol and 3,4,5-trimethoxybenzoate (TMB) grown 

cells. The red stars show the position of the expected three MCR subunits. (B) High-resolution 

clear native PAGE of MsMCR from TMB-grown cells for each purification step. (C) High-

resolution clear native PAGE of purified MsMCR from TMB and methanol-grown cells. (D) 

UV/visible spectra of purified MsMCR from TMB-grown cells at a concentration of 5.6 mg/ml (in 

50 mM Tris/HCl pH 7.6, 10% v/v glycerol and 2 mM dithiothreitol) under anaerobic atmosphere 

(black line) and after one hour O2-exposition (blue line). The orange line corresponds to the 

UV/visible spectra of aerobically purified MsMCR from methanol-grown cells at a concentration 

of 5.6 mg/ml (in 25 mM Tris/HCl pH 7.6, 10% v/v glycerol and 2 mM dithiothreitol). The peak at 

424-425 nm is typical for a Ni(II) red1-silent inactive state. 

 

 

 

 

 

 



 

Supplemental Fig 3. Structural and electrostatic charge differences between MsMCR and its 

homologues. (A-B) Superposition of the α-subunit of MsMCR with MCR homologues. The Cα-

trace is represented in ribbon with a color code corresponding to the different homologues: MsMCR 

(PDB 7NKG) in green, MCR from M. barkeri (MbMCR, PDB 1E6Y) in blue, MCR type I from 

M. marburgensis (MmMCR, PDB 5A0Y) in orange and MCR from M. thermolithotrophicus 

(MtMCR, PDB 5N1Q) in black. The deviating loop is highlighted with a red arrow. The difference 

between panel (A) and (B) is a 180° rotation along the y-axis. (C-F), Electrostatic charge surface 

representation. The charges from negative to positive are reflected by a color gradient from red to 

blue, respectively. An arrow points towards the active site channel entrance. 



 

 

Supplemental Fig 4. Close up of the environment at the expected modified residues 

didehydroaspartate, S-methylcysteine and 2(S)-methylglutamine in MsMCR. (A) Stereo-view 

of the close surrounding at the didehydroaspartate (αdDXXX*) and S-methylcysteine (αmCXXX*) 

positions. Both residues and their close surrounding are shown as balls and sticks and secondary 

structures are shown in transparent cartoon. MsMCR, MbMCR (PDB 1E6Y) and MmMCR (PDB 

5A0Y) are colored in green, cyan and orange, respectively. The only observable mutation in the 

close surrounding of the expected didehydroaspartate (i.e. αD468 in MsMCR) is the methionine 

that turns to a glutamine (i.e. αM451 in MbMCR, αM431 in MmMCR, αQ449 in MsMCR). (B) 

Stereo-view of the close surrounding at the 2(S)-methylglutamine (αmQ400 in MmMCR) position. 

2(S)-methylglutamine and its close surrounding is shown as balls and sticks and secondary 

structures are shown in transparent cartoon. MsMCR, and MmMCR are colored in green and 

orange, respectively. αQ418 in MsMCR is highlighted in deep purple. The nickel from the F430 

cofactor is shown as a large green ball. 

 



 

 

Organism (PDB) 

Sequence identity (%) R.m.s.d (aligned Cα) 

α-subunit β-subunit γ-subunit α-subunit β-subunit γ-subunit 

M. shengliensis 

(7NKG) 
100 100 100 0 0 0 

M. barkeri  

(1E6Y) 
72.97 70.9 81.38 

0.371 

(477) 

0.411 

(385) 

0.276 

(205) 

M. marburgensis type I 

(5A0Y) 
67.73 61.63 58.37 

0.410 

(424) 

0.655 

(382) 

0.546 

(192) 

M.thermolithotrophicus 

(5N1Q) 
62.98 57.01 51.59 

0.522 

(448) 

0.716 

(399) 

0.805 

(217) 

 

Supplemental Table 1. Sequence identity between the subunits of different MCRs and root 

mean square deviation (r.m.s.d.) of structurally characterized MCRs. 

  



References regarding the substrate utilisation of methanogens and MCR post-translational  

modifications used in the phylogenetic tree (Fig. 1C).  

Methanosarcina barkeri [1,2] 

Methanosarcina mazei [3] 

Methanimicrococcus blatticola [4] 

Methanolobus profundi [5] 

Methanomethylovorans hollandica [6] 

Candidatus Methanoperedens nitroreducens [7] 

Methermicoccus shengliensis [8,9] 

Methanothrix thermoacetophila [10] 

Methanocella conradii [11] 

Methanosphaerula palustris [12] 

Methanoculleus horonobensis [13] 

Methanoplanus limicola [14] 

Methanothermobacter marburgensis [15,16] 

Methanothermobacter wolfeii [16-18] 

Methanobrevibacter smithii [19] 

Methanopyrus kandleri [2,20] 

Methanotorris formicicus [21,22] 

Methanocaldococcus vulcanius [23] 

Methanothermococcus thermolithotrophicus [22,24] 

Methanococcus maripaludis [25] 

ANME-1 from Black sea mats, Uncultured archaeon ANME-1 [26] 
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