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Who is doing the job during anaerobic degradation in 

a tidal-flat sediment?

Sulfate reducers and methanogens

● easily detectable by ‘functional gene markers‘

● make ~10% of anaerobic communities

Little known about the inital steps
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Hamster
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Degradation of organic matter

50% / 50%
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Sampling tidal-flat sediment

Vials used in the 

microcalorimeter
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Microcalorimeter

G = H –T S

Detection limit  ~1 µW
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Stimulation of microbial activity by addition of 13C-labelled biomass

130 mg Spirulina in 22 ml sediment slurry

20 µm
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Overall reaction (after 3 weeks)

2530.5 <CH2O> + 183 SO4
2- → 

366 acetate + 102 propionate + 123 butyrate + 5 valerate

+ 183 HS- + 214 CH4 + 761.5 CO2 + 547.5 H2O + 413 H+

● Maximum activity after 2 days, 2nd maximum after 7 days

● 90 % of the activity due to Spirulina addition

● Degradation incomplete

● Sulfate reduction  methanogenesis

● Acidification (pH 7.3  6.3)

● Heat release (-33 J) < G°‘ of equation  (-104 J) 
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Graue et al. 2011

Process analyses (GC, HPLC, IC)
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Processes

● Sulfate consumed after 6 days (control 2 days later)

● Methanogenesis only with Spirulina amendment

● H2 rapidly consumed, main visible intermediate: acetate

● Ethanol, propanol, butanol consumed after 2 weeks

● Acetate, propionate, butyrate slowly consumed

● Secondary fermentations dominant after sulfate depletion
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Stable-Isotope Probing

● Provide excess of 13C-labeled substrate

● Growing cells incorporate heavy carbon

● Ribosome numbers and rRNA contents increase in active cells

● RNA separated by density gradient centrifugation

● Reverse transcriptase used to get DNA for further analyses

● DGGE and sequencing …
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Distribution of RNA after gradient centrifugation 
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Graue et al. 2011

SIP – non-labeled community
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Graue et al. 2011

SIP – 13C-labeled populations
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Conclusions

Combination of microcalorimetry + RNA-SIP allows detailed 

assessment of anaerobic degradation

Primary fermentations (+ sulfate reduction) cause maximum 

activity 

Psychrilyobacter  atlanticus first stimulated fermenter (known to 

form H2 + acetate)

Secondary fermentations take over after sulfate depletion 

Completely oxidising SRB didn‘t have a chance due to rapid 

sulfate depletion
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