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Proteome analysis 
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Comparison of methanogen genomes 
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Stimulation of M1 growth by alcohols 
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Locus tag  Annotation      Fold difference   

Energy Metabolism - Formate Metabolism   

mru0333  formate dehydrogenase alpha subunit FdhA    3.46   

mru0334  formate dehydrogenase beta subunit FdhB    2.34  

Energy Metabolism - Methanogenesis   

mru1928  methyl-coenzyme M reductase beta subunit McrB   2.26   

mru1926  methyl-coenzyme M reductase C subunit McrC   2.39   

mru1927  methyl-coenzyme M reductase D subunit McrD   2.23   

mru1925  methyl-coenzyme M reductase gamma subunit McrG   3.41   

mru1919 tetrahydromethanopterin S-methyltransferase subunit A MtrA  2.02   

mru1920  tetrahydromethanopterin S-methyltransferase subunit B MtrB  2.23   

mru1921  tetrahydromethanopterin S-methyltransferase subunit C MtrC  3.23   

mru1916  tetrahydromethanopterin S-methyltransferase subunit H MtrH  2.14   

mru1907  methyl viologen-reducing hydrogenase gamma subunit MvhG  2.25   

mru0344  tungsten formylmethanofuran dehydrogenase subunit A FwdA  2.12  

Cell envelope - Cell surface   

mru1222  adhesin-like protein     2.31   

mru2173  adhesin-like protein     2.28   

mru2134  adhesin-like protein     4.08   

mru0076  adhesin-like protein     2.01   

mru0828  adhesin-like protein with transglutaminase domain   2.14   

mru1499  adhesin-like protein with transglutaminase domain   2.50   
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4 highest and 4 lowest methane 
emitting sheep, stomach tubed  
rumen content  x 2 time points  

Rumen 
microbial 
DNA 
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Sequencing   
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Sampling, nucleic acids extractions and 

analyses 

RNA extracted for transcript 

analysis using a hot lysis-acid 

phenol extraction method. 

 

RNA concentration was 

determined using Qubit and 

quality checked via Bioanalyzer 

DNA extracted from frozen 

rumen contents using 

“Repeated Bead Beating and 

Column (RBB+C) purification” 

method  (Yu & Morrison, 2004) 

   

HMW DNA, for large paired-

end insert libraries, prepared 

using  non-mechanical lysis 

DNA extraction method 

(Rosewarne et al, 2011) 
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DNA extracted from frozen digesta using “Repeated Bead Beating and 

Column (RBB+C) purification” method (ref) 

   

HMW DNA, for large paired-end insert libraries, prepared using a non-

mechanical lysis DNA extraction method (ref) 

 

RNA extracted for transcript analysis using a hot lysis-acid phenol 

extraction method. 

 

RNA concentration was determined using Qubit and quality checked via 

Bioanalyzer 

DNA and RNA extractions 
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In vitro experimentation on methanogen 

co-cultures 

• Methanogens in the rumen usually experience H2 concentrations in the range 

0.1 to 50 µM 

• In the lab, methanogens grown by pumping with H2 + CO2 to 2 atm = ~770 µM 

H2 

• As methanogens grow, H2 is used, so over time H2 concentration falls in 

cultures, until cultures are re-pumped with H2 

• Controlling H2 at a low concentration is technically not possible without a H2-

producing partner 

• Low H2 concentrations achieved by co-inoculating with the slow growing, 

cellulose-degrading, H2-producing rumen bacterium Ruminococcus 

flavefaciens FD1 

• In these co-cultures, H2 is expected to be in the rumen relevant range ie 0.1 to 

50 µM 
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Co-culture set up and sample collections 

• Methanobrevibacter ruminantium M1 

 

8 x 50 ml methanogen mono or co-cultures with Ruminococcus 

flavefaciens FD1 as hydrogen producer growing on cellulose 

pumped with H2 + CO2 or N2 (FD1) 

M1 grown on H2 + CO2 (hydrogenotrophic) 

38oC with shaking 

CH4, H2 measurements made daily 

4 x 50ml samples collected for RNA, DNA, protein and VFAs at 2 time points 

RNA extracted 

 

 

VFAs analysed 

 

rRNA depletion 

 

RNA seq  

DNA removed 

cDNA synthesis  

qPCR of specific transcripts 
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 Cultured rumen methanogens available for 

 in vitro testing 

Methanogen 
Strain Mode of  methane formation 

Methanobrevibacter spp. 

  (ruminantium group) 

M1, 

YLM1, 

NT7* 

hydrogenotrophs 

Methanobrevibacter spp.  

  (gottschalkii group) 
SM9, D5 hydrogenotrophs 

Methanobrevibacter sp.  (wolinii clade) AbM4 hydrogenotroph 

Methanobacterium formicicum BRM9 hydrogenotroph 

Methanosphaera sp.  ISO3-F5 methylotroph 

Methanosarcina sp. CM1 aceticlastic 

Rumen Cluster C ISO4-H5 
methylotroph, co-culture with a 

Succinivibrio sp. 

H2 producer Preferred substrate 

Ruminococcus flavefaciens FD-1 Cellulose degrader 

Butyrivibrio proteoclasticus B316 Xylan degrader 
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