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    Hydrolysis 

ÅKey cellulolytic bacteria: Cellulomonas, Clostridium, Bacillus, Thermomonospora, 
Ruminococcus, Baceriodes, Erwinia, Acetovibrio, Microbispora or Streptomyces sp. 

 

    Acidogenesis     

(  (fermentation) 

ÅBacteria: Acetobacterium, Clostridium, Sporomusa, Saccharomyces, Butyribacterium, 
Lactobacillus, Streptococcus sp. 

      

     Acetogenesis 

ÅHomoacetogenic bacteria: Acetobacterium (for example Acetobacterium woodii), Sporomusa 
sp. 

Å Other bacteria: Clostridium (for example Clostridium aceticum), Ruminococcus and 
Eubacterium sp. 

     

  Methanogenesis 

ÅProduction of methane by methanogens (archaea) 

ÅSome known acetotrophic archaea: Methanosaetaceae, Methanosarcinaceae 
(Methanosarcina sp.) 

ÅHydrogenotrophic archaea: Methanomicrobiales (Methanoculleus sp.), Methanobacteriales, 
Methanococcales, Methanopyrales 

ÅMethylotrophs: some species amongst family Methanobacteriaceae and 
Methanosarcinaceae 



Methanogens 
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Hypothesis and aims 

ÅThe project ς the connection between specific microbial 
shifts and biogas production efficiency by using more 
robust metagenomic techniques  

ÅSome hydrogen-producing bacteria (i.e. OD1) presence 
connected with the dominance of hydrogenotrophic 
methanogens (syntrophy) that bring low methane yield 

ÅHydrogen-producing bacteria (for instance OD1) – 
biomarker of low methane yields 

ÅMetagenomic analysis – hydrolysis optimisation (by use 
of different feedstocks)  – low particular hydrogen-
producing bacteria numbers and high methane yield 



Methods 

Å Sample from !C.LΩǎ mesophilic two-stage anaerobic digester (feedstock ς 
slurry and grass silage) 
ï DNA extraction – PowerSoil DNA Isolation Kit (Mo Bio Laboratories)  
ï 454-pyrosequencing, especially for OD1 and methanogenic community  investigations 
ï Use of general 16S primers or primers for some functional genes (for example for mcrA 

archaea gene) in PCR and qPCR 
ï Real-time PCR optimizing (for instance mcrA_1035F; mcrA_1538R primers) 

Å Samples from various anaerobic digesters (from Germany, Sweden and 
Ireland) 
ï 454-pyrosequencing (and optimized qPCRs) for checking the hypothesis (OD1 and 

methanogens investigations) 

Å Laboratory-scale digesters 
ï Control and treatment digesters to test hypothesis and optimise hydrolysis for biogas 

production (qPCR method for investigation) 
ï Inoculation from two-stage digester situated and operating  in NI (AFBI). 

 
  

 



Results - qPCR 

ÅReal-time PCR optimization (archaea 
quantification) 

mcrA_1035F and mcrA_1538R primers (Pereyra 
et al. 2010) 

qPCR MIX: 
5µl 2x SYBR Green/ROX qPCR 

MIX (Thermo Scientific) 
0.2µM each primer 
1µl DNA template 

H2O to the final conc. of 10µl 
 

Programme: 
95ÁC 10min 
95ÁC 40sec 
56ÁC 30sec 
72ÁC 30sec 

 

36 
cycles 



Results – 454-pyrosequencing 

Å454-pyrosequencing pointed out 1506 
bacteria and 6009 archaea counts (OTUs) in 

total 



Results – pyrosequencing of bacteria 

Å454-pyrosequencing of AFBI sample – 16S bacteria 

 

% 

Fig. 1. The composition of bacterial 
community in the AFBI’s sample 

(percentage) 

No OD1 
detected! 



Results – pyrosequencing of archaea 

Å454-pyrosequencing – 16S archaea 

 

Fig. 2. Percentage of particular 
archaeal groups in the AFBI’s digester 

>99% 



Conclusions 

ÅPyrosequencing results are comparable to the 
information in the literature 

ÅThe obtained results are in agreement with 
our hypothesis 

ÅAbsence of OD1 and presence of acetoclastic 
methanogens can be connected with high 
methane yield in the reactor 



Near future plans 

ÅInvestigation of samples from other digesters 
to support the hypothesis (454-
pyrosequencing) 

ÅDesign of new primers for qPCR (genes coding 
mcrA) 

ÅOptimization of qPCR series (with different 
primers, for instance Arch 931-F and Arch 
1100-R – 16S archaeal primers, or 338f and 
518r – 16S bacterial primers) 



Near future plans 

ÅOptimization of RT-qPCR – analysis of genes 
expression 

ÅSetting up our own digesters – analysis of 
methane yields in correlation with microbial 
community shifts (qPCR and RT-qPCR)  
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