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Methanomassiliicoccus Ca. M. alvus cluster  

Longstay hospital 
 

Rehab + day hospital 
 

Community 

Background/aims: Members of the third domain of life, Archaea, are known for more than 30 years to be residents of the human 

gut. However, their interactions with the bacterial counterpart of the microbiota and possible impact on health remain elusive. A novel order 

of methanogens, Methanomassiliicoccales (“Mx”Ϳ, was recently discovered and found to be associated with the gut microbiota of elderly 

people. We recently cultured 2 representatives of this order and sequenced their complete genomes. The aims of this study were                        

1) to characterize the general genomic and physiological features of the Methanomassiliicoccales representatives associated with elderly subjects’ 
gut microbiota, 2) to define their possible associations with diet and health status among subjects (> 65 years) of the large ELDERMET cohort. 
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• Methanogenesis pathways identified by 

analysis of 3 complete “Mx” genomes  

associated to human gut 
 

• Absence of genes for CO2 reduction by 

H2 / methyl oxidation (blue box on the 

left) present in all other methanogens 
 

• Presence of genes for utilization of 
methyl-compound with H2 (green and 

red boxes) including tri- di- 
monomethylamine  (TMA, DMA, MMA) 
 

• Growth on TMA, DMA and MMA, and 

production of methane validated on M. 
luminyensis, the sole isolated Mx strain 

(below for TMA + H2)   

Diet TMA Mx 
methanogens 

CH4 

H2 

• “Mx” methanogens could deplete TMA produced 
by gut microbiota and reduce associated negative 
effect on health.   

      -->  Naturally occurring/probiotic? (Brugère et al., 2013) 

DiffeUeQWial diVWUibXWiRQ Rf ³M[´ meWhaQRgeQV iQ liQk ZiWh healWh aQd dieW clXVWeUiQg  

16S rRNA gene phylogenetic tree of human gut methanogens  

Unrooted maximum likelihood tree with 100 bootstraps. At the exception of the sequence noticed as 

“clone”, all 16S are derived from complete or draft genomes of methanogens from human gut. In red, 

the complete Mx genomes already published; In bold, draft genomes from metagenomic databases  

• 9 novel draft genomes were derived from 

Eldermet metagenome data (in bold) 
 

• They cover almost all human-associated “Mx” 

phylotypes identified so far 
 

• Currently under analysis to identify the variable  

and conserved traits among gut methanogens, 

the whole  “Mx” lineage and clusters 

Phylogeny and genomes of human gut methanogens 

Conclusion and perspectives Putative health impact related to TMA metabolism 
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Abundance of Methanomassiliicoccus methanogens 
 in relation with Mini Nutritional Assessment   

Methanomassiliicoccus 

rho = -0.56, p-value = 9.722e-05 
 

(MNA <17:  malnutrition) 

• qPCR targeting the 2 main phylogenetic clusters, 
Methanomassiliicoccus and M. alvus cluster, on   

333 faecal samples from the Eldermet cohort 
 

 

• Association of the M. alvus cluster with gut 

microbiota of people living in the community and 

of Methanomassiliicoccus with gut microbiota of 

people in longstay (on the left) 
 

• Abundance of Methanomassiliicoccus is higher in 

elderly with malnutrition (as defined by the Mini 

Nutritional Assessment; on the right) and is 

negatively correlated to MNA 

͞Mx͟ methanogenesis pathways 

Distribution and abundance of Mx methanogens plotted on a PCA analysis of elderly gut microbiota 
Filled circles are samples with Mx methanogens, size of the circles is related to their abundance, ranging from 105 to 109 per gram of feces; 

open circles are samples without Mx methanogens.  

• TMA produced by bacterial gut microbiota from 

meat and lipid rich diets is linked to 2 diseases: 
• Symptoms of trimethylaminuria, a genetic disease 

• Potential trigger of atherosclerosis  

Trimethylaminuria Atherosclerosis? 

What are the microbial pathways that could 

theoretically affect TMA concentrations? How could 

they linked to diet, TMA concentration and Mx 

methanogens  abundance in the  gut?  
 

• Currently, genes that could be used as a marker of 

the pathways and their phylogenetic distribution 

among gut bacteria are being determined 
 

• These genes are being searched for among the 

Eldermet  metagenomes and their abundance will 

be compared to metabolomic profiles and Mx 

abundance 
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• Archaea present in the human gut are almost 

exclusively composed of methanogens,  

Methanobrevibacter and Methanosphaera spp. 

being recognized since the early 80’s 

 

• Members of the ͞Mx͟ methanogen lineage  
present in the human gut are far more 
diversified than the Methanobacteriales 
 

•  They form two main phylogenetic clusters, 
Methanomassiliicoccus and Ca. M. alvus clusters 
 

• Three complete  genomes of Mx have  been 

sequenced from cultured representatives (in red) 
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Methanosphaera 

Members of the Methanomassiliicoccales present in the gut microbiota 

of elderly are genetically diverse but likely share a common metabolism 

of methanogenesis from H2 and methyl-compound, including TMA. The 

capacity to remove TMA anaerobically is so far unique to these archaea 

among the overall gut microbiota.   

The two main clusters of Methanomassiliicoccales display a differential 

distribution according to the health and nutritional status of the 

subjects, constituting one of the first clear relationships between 

archaea and human health. 
 

An integrated analysis of the 9 newly available genomes of this order, 

metabolomic profiles, co-occurring bacterial genera and functional 

genes is currently undertaken to determined the factors that could 

explain this distribution and possible links with health. 
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therapeutic use of archaea to prevent trimethylaminuria and cardiovascular disease. Gut microbes, 5(1), 0-5. 
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“clone”, all 16S are derived from complete or draft genomes of methanogens from human gut. In red, 

the complete Mx genomes already published; In bold, draft genomes from metagenomic databases  

• 9 novel draft genomes were derived from 
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the whole  “Mx” lineage and clusters 

Phylogeny and genomes of human gut methanogens 

Conclusion and perspectives Putative health impact related to TMA metabolism 

aerobic 
anaerobic 
undetermined yet 
diet origin 

TMA 

Choline 

L-carnitine 

Glycine- 

betaine 

Phosphatidyl-

choline 

H2 depletion 
- 

Glycine 

Ethanolamine 

+ 
H2 production 

CH4 

TMAO γ-butyrobetaine  

Sarcosine MMA 

Bacterial 
 

 gut microbiota 

Diffusion      in the blood 

N 
CH3 

CH3 

H3C 

TMA TMAO Liver FMO3 FMO3 

Abundance of Methanomassiliicoccus methanogens 
 in relation with Mini Nutritional Assessment   

Methanomassiliicoccus 

rho = -0.56, p-value = 9.722e-05 
 

(MNA <17:  malnutrition) 

• qPCR targeting the 2 main phylogenetic clusters, 
Methanomassiliicoccus and M. alvus cluster, on   

333 faecal samples from the Eldermet cohort 
 

 

• Association of the M. alvus cluster with gut 

microbiota of people living in the community and 

of Methanomassiliicoccus with gut microbiota of 

people in longstay (on the left) 
 

• Abundance of Methanomassiliicoccus is higher in 

elderly with malnutrition (as defined by the Mini 

Nutritional Assessment; on the right) and is 

negatively correlated to MNA 

͞Mx͟ methanogenesis pathways 

Distribution and abundance of Mx methanogens plotted on a PCA analysis of elderly gut microbiota 
Filled circles are samples with Mx methanogens, size of the circles is related to their abundance, ranging from 105 to 109 per gram of feces; 

open circles are samples without Mx methanogens.  

• TMA produced by bacterial gut microbiota from 

meat and lipid rich diets is linked to 2 diseases: 
• Symptoms of trimethylaminuria, a genetic disease 
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of elderly are genetically diverse but likely share a common metabolism 

of methanogenesis from H2 and methyl-compound, including TMA. The 

capacity to remove TMA anaerobically is so far unique to these archaea 

among the overall gut microbiota.   

The two main clusters of Methanomassiliicoccales display a differential 

distribution according to the health and nutritional status of the 

subjects, constituting one of the first clear relationships between 

archaea and human health. 
 

An integrated analysis of the 9 newly available genomes of this order, 

metabolomic profiles, co-occurring bacterial genera and functional 

genes is currently undertaken to determined the factors that could 

explain this distribution and possible links with health. 
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