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enrichment, allied to the fact that genes coding for presumed lipases are present in some 
Syntrophomonas´ genomes, suggests a possible role of these bacteria in lipids´ hydrolysis. In the 
iron(III)-reducing culture, Geobacter sp. was present at 86 % relative abundance, while Syntrophomonas 
sp. was less abundant (7 %). No oleate degradation was observed when G. anodireducens

T
 (the closest 

relative to the Geobacter sp. present in the enrichment) or G. bemidjiensis
T
 (which possess a long-chain 

fatty acyl-CoA dehydrogenase coding gene) were incubated with oleate and ferric citrate. This suggests 
the occurrence of a novel syntrophic relationship, with Geobacter-like organisms possibly using the 
hydrogen and acetate generated from oleate oxidation by Syntrophomonas. 
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With the changing energy policy towards increased utilization of renewable resources, compatible new 
energy conversion and storage technologies have to be developed. Microbial methanation of CO2 
emission streams with H2 is promising, and the existing gas grid can be used for CH4 storage. In contrast 
to considerable limitations observed with other concepts, higher methane production rates are obtained 
using anaerobic trickle bed reactors, due to the enhanced gas-liquid mass transfer. There are only very 
few studies with this concept under mesophilic conditions. 
The current study reports on long-term operation of a thermophilic (55°C) anaerobic trickle bed reactor 
(58L) at atmospheric pressure, inoculated with mesophilic WWTP digester sludge. A methane production 
rate of up to 15.4 m³CH4 / (m³ · d) was achieved with a CH4 content above 96% at atmospheric pressure. 
Along with an excellent black start property and the utilization of dirty gas streams, this shows the high 
potential of thermophilic anaerobic trickle bed reactors as a highly efficient energy conversion and 
storage technology. 
Molecular biology analyses showed an unambiguous shift from the mesophilic inoculum to a thermophilic 
biocenosis with Methanothermobacter spp. clearly dominating in the fraction of methanogens on DNA 
and on mRNA level. The astonishing high abundance and activity of thermophilic Bacteria, particularly 
Anaerobaculum mobile, Pelotomaculum sp., Tepidanaerobacter and Tepidimicrobium spp., suggested 
that reductive acetogenesis was at least temporarily important for microbial biomass growth. Control of 
pH as well as sufficient trace element and macro nutrient supply were crucial for stable reactor operation. 
The replacement of the initially supplied artificial macro nutrient solution with centrifuged digester effluent 
showed high potential to support scale-up of this technology, but could not replace trace element supply. 
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Conductive materials have been reported to enhance methane production by anaerobic microbial 
communities from a wide diversity of substrates 

1
. The mechanisms involved are far from being fully 

understood. Many studies suggest that these materials facilitate direct interspecies electron transfer 
(DIET) between electrogenic bacteria and methanogens and that this mechanism is even dominant over 
interspecies hydrogen and formate transfer 

2,3
. The effect of conductive materials in pure cultures of 

methanogens or in co-cultures of typical fatty acid-degrading syntrophs with methanogenic partners was 
never studied. In this work, the effect of carbon nanotubes (CNT) on the activity of pure cultures of 
Methanobacterium formicicum, Methanospirillum hungatei, Methanosarcina mazei and Methanosaeta 
concilii, and in the co-culture of Syntrophomonas wolfei and Methanospirillum hungatei was evaluated. 
The results showed that CNT affect methane production by methanogens. Initial methane production 
rate (MPR) increased 17 and 6 times when M. formicicum and M. hungatei were incubated with 5g·L

-1
 

CNT, respectively. M. mazei and M. concilii‘ activities were higher when exposed to CNT concentrations 
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of 0.1 to 1g·L
-1
, but lower with 5g·L

-1
. Increasing CNT concentrations resulted in more negative redox 

potentials, which correlated with the increased methanogenic activity. Remarkably, in the absence of a 
reducing agent, but in the presence of CNT, the MPR was higher than in incubations with reducing 
agent, while no growth was observed without reducing agent and without CNT. MPR from butyrate 
increased 1.5 fold in the presence of CNT (5g.L

-1
), showing a positive effect of CNT on the syntrophic co-

culture. Indications of DIET by the presence CNT were not obtained. Rather, CNT directly affects the 
activity of methanogens, which creates new opportunities to improve methane production from waste 
and wastewater in anaerobic digesters. 
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Biogas upgrading is an emerging technology for fuel production that can be used in transportation sector 
or substitute natural gas. Nowadays, the biological route for biogas upgrading via hydrogen assisted 
methanogenesis is gaining increased attention. The success of this process is strongly dependent on the 
applied environmental parameters (e.g. hydrogen partial pressure) and their subsequent influence on the 
microbial consortium (e.g. efficiency of syntrophic interactions). The present work is the first deep study 
on the microbiome of mesophilic and thermophilic biogas upgrading reactors using genome-centric 
metagenomics. Considering the applied environmental conditions (i.e. mesophilic, thermophilic, without 
and with H2 addition), two distinct communities developed in the reactors strongly determined by the 
operational temperature. The dominant archaea found in both communities belonged to Methanoculleus 
species, while for bacteria, the most abundant population genomes were related to Rikenellaceae, 
Syntrophomonadaceae and Thermoanaerobacteraceae. Moreover, the H2 addition greatly influenced the 
communities resulting in a remarkable enhancement of the reactors’ CH4 production rate. While the 
increase in abundance of hydrogenotrophic methanogens is straightforward, the plethora of bacterial 
species and the complexity of their metabolic properties hindered the provision of a thorough explanation 
regarding their abundance variation. Nevertheless, by comparing the results obtained from 
bioinformatics functional analysis with the abundance variation, the effect of H2 addition on bacterial 
species was clarified. Particular attention was given to species involved in H2 production/utilization, for 
example those encoding genes for Wood-Ljungdahl pathway, propionate and butanoate metabolism. 
Finally, it was shown that during the biogas upgrading process, the increased H2 partial pressure 
selectively inhibited the bacterial population and more evidently in the thermophilic reactor (i.e. 71% of 
population genomes were decreased). On contrary, population genomes belonging to specific taxa such 
as Syntrophomonadaceae and Halothermothrix were favored by the new environmental conditions and 
increased in abundance after the addition of H2. 
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Because of climate change and depletion of fossil fuels, there is an increasing interest for utilization of 
industrial waste gases and renewable synthesis gas, generated from waste and biomass. These gases 
can be converted to bio-fuels and -chemicals using microorganisms. Methane is one of the potential end 
products of this technology, potentially converting all carbon in the original material to fuel. This in 
contrast to conventional anaerobic digestion, often leaving large fractions of substrate unused due to its 
rigid structure (e.g. lignin). 
Despite the physiological capability of hydrogenotrophic methanogens to utilize CO, many of them only 
perform poorly on this substrate and prefer hydrogen as electron donor. Physiological and proteomics 
analysis suggests that the strong reducing capacity of CO negatively affects methanogenesis, making 


