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dissimilatory iron reduction - 
electrodes (Anodes) as electron acceptors
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cytoplasmic membrane
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membrane

cytoplasm

FeIII FeII

organic 
C-source CO2

environmental iron forms are
mostly insoluble minerals

  
Øat pH 7 and 25°C à  

ferrihydrite/Fe2+ E0´= +24 mV   
hematite/Fe2+     E0´= -177 mV 
 



the concept of microbial  
fuel cells
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electron transfer rates can be regulated by the anode potential

➢ sweep rate = 0,75 µV/s 
➢ anode surface area = 2,25 cm2 

➢ working volume = 25 ml
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c-type cytochromes and iron/anode reducers

 average number of genes for 
     c-Typ cytochromes in prokaryotes 

  (n = 483 genomes): 13

 S. oneidensis: 41, Geobacter sulfurreducens 111



structural preconditions for extracellular  
electron transfer in S. oneidensis

 periplasmic volume: 0.153 fl

 680.000 hemegroups per 
     S. oneidensis cell

 periplasmic heme-concentration 3,8 mM 



a c-type cytochrome based electron transfer 
network

outer  
membrane
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membrane



heme stain

spec. MtrF-detection

using exoelectrogens as biosensors



arabinose dependent iron reduction



characterization of strains using polarization 
curves



Golitsch et al., Biosens. and Bioelectr. 2013 
EP 12183209.1

arabinose biosensor
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arabinose biosensor



Enabling unbalanced fermentations
with  S. oneidensis and

anode respiration

enabling unbalanced fermentations



enabling unbalanced fermentations in E. coli



enabling unbalanced fermentations in E. coli



microbial fuel cells and waste water treatment
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microbial fuel cells and waste water treatment
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potential limitations in the 
biogas process

▪ missing monitoring 
▪ limited possibilities for regulation



microbial fuel cells in biogas production
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electrosyntrophy

electrogenesis
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Die ESE-Biogas  
Strategie II

exoenzymproduction

electrogenesis

electrosyntrophy



demonstrator development
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current as energy and electron donor



Lithoautotrophe 
Mikroorganismen mit 

Elektrosyntheseaktivität !

H2!Fe2+!

Fe3+!

CO2!

(CH2On)!

CO2!

(CH2O)n, CH4 or 
CH3COOH!

e-!

lithotrophic organisms 
                with 
electrosynthetic activity



enzyme enabled hydrogen and formate  
production



microbial electrosynthesis

Experimental setup 
• -350 mV vs. SHE 
• 60°C 
• N2/CO2 (80/20) 
• pH 3,5 
• inoculated with a mixture of 24  
 samples from the azores 

àmonitoring of current

sterile
inoculated



microscopic analysis (CARD-FISH and REM)

09.04.15

Bacteria (EUB338, Alexa546)
Archaea (Arch915, Alexa488)

à CARD-FISH pictures show that 
bacteria comprise the majority of the 
sessile community

à REM pictures show the 
organisms on the carbon fibres 



metagenomic analysis (Illumina)

à reductive citric acid cycle,  
à hydroxypropionate/hydroxybutyrate cycle 
à Calvin Cycle 
à Wood-Ljungdahl pathway 

à Taxa distribution  
     calculated on the  
     percentage of protein 
     coding genes. 
à Moorella most  
     abundant



Two step isolation strategy

days

with…

…and without 
potential

…for example O2, CO2, current



- carbon elimination 
- regulation of biogas production 
- unbalanced fermentations 
- biosensor development

- electrical current as energy  
and electron source 

- blackbox biochemistry 
- future biotechnology applications 

using carbon dioxide as carbon source
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