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• Plants use a substance called chlorophyll to 
absorb the sun’s rays  

• Bacteria contain bacteriochlorophyll, which 
allows them to also photosynthesize. 
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• cyanobacteria,  

• proteobacteria (purple bacteria),  

• green nonsulfur bacteria,  

• green sulfur bacteria  

• the Gram-positive heliobacteria 
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Phylogenetic affiliation of phototrophic bacteria 



• The purple bacteria and green nonsulfur bacteria synthesize a 

nonoxygen-evolving type II photosystem;  

• the green sulfur bacteria  

and  

• heliobacteria have a homodimeric type I photosystem;  

• Cyanobacteria contain a type I photosystem and an oxygen-evolving 

type II photosystem, both of which are heterodimeric.  
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Comparison of electron flow 



• Photosynthesis takes place on the surface of the cell 
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Magis, 2010, Shedding light on surface-assembled photosynthetic systems Langmuir 27:10282-10294 



• Solar energy reaches the Earth at the rate of 
the 178,000 TW of which 0.2% to 0.3% is 
harnessed by microorganisms  
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• Microbial fuel cells, a type of bio-electrochemical system, directly capture 
electrons 

 

 

 

 

 

 

 

 
• the oxidation of a carbon source occurs at the anode while the reduction of O2 to H2O 

occurs at the cathode 
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• The photosynthetic microbial fuel cell (PMFC) is a 

bioelectrochemical system capable of converting sunlight into 

electricity based on the exploitation of biocatalytic reactions 

within active microbial cells 
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Photosynthetic bacteria at the anode with artificial mediators 

2-hydroxy-1,4-naphtoquinone 
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• Hydrogen-generating photosynthetic bacteria with an electrocatalytic anode 



Photosynthesis coupled with mixed heterotrophic bacteria at the 

anode 
• Synergism between phototrophic microorganisms and mixed heterotrophic bacteria in sediments 
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• Synergism between plants and mixed heterotrophic bacteria in sediments 
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• Ex situ photosynthesis coupled with mixed heterotrophic bacteria at a dark anode 
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• Direct electron transfer between photosynthetic bacteria and electrodes 
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• Photosynthesis at the cathode to provide oxygen 
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Pisciotta JM, Zou Y, Baskakov IV (2010) Light-Dependent Electrogenic Activity of Cyanobacteria. PLoS ONE 5(5): e10821. doi:10.1371/ 

journal.pone.0010821 
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Pisciotta JM, Zou Y, Baskakov IV (2010) Light-Dependent Electrogenic Activity of Cyanobacteria. PLoS ONE 5(5): e10821. doi:10.1371/ 

journal.pone.0010821 

Effect of anode material on electron harvesting. Power density curves (normalized by the cathode surface area = 9.6 cm2) 

measured for MFC with mixed photosynthetic biofilm consortium formed on anode coated with polypyrrole (%) or 

nanostructured polypyrrole  
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• Thank you for your attention!!! 
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