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Description of the project 

Oxygen (O2) of the atmosphere is produced by photosynthesis but O2 production alone 
would only maintain a low O2 concentration because heterotrophic metabolism consumes 
O2. Buildup of a high O2 concentration is usually explained by burial of reduced, organic 
carbon. 

The O2 concentration of Earth's atmosphere was essentially zero before the "Great 
Oxidation Event" 2.45 billions of years ago. Even after the GOE, O2 concentration stayed 
below ~0.5 %, for almost billion years. At the end of the Proterozoic, O2 concentration 
suddenly rose to the present level. Later, O2 concentration transiently rose above the 
present level due to burial of Carboniferous forests. The reason for the Proterozoic rise in 
O2 is not known. 

In addition to burial of organic matter, O2 concentration can also increase due to production 
of H2 from water. H2 is too light to remain in Earth's atmosphere and its escape leaves the 
orphan O2 in the atmosphere. O2 and H2 can be produced by both cyanobacteria and green 
algae but green algae are more efficient H2 producers. 

The project tests the hypothesis that green algae actually caused the Proterozoic increase 
in the O2 concentration by producing H2, and that the O2 concentration stabilized because 
the bidirectional hydrogenase is sensitive to O2. Green algae evolved during the 
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Proterozoic, and the research group has preliminary evidence that also the appearance of 
the bidirectional hydrogenase dates back to the Proterozoic.  

The testing of the hypothesis requires biological experiments with model green algae like 
Chlamydomonas reinhardtii to establish a clear relationship between the O2 concentration 
of the gas phase and the activity of the hydrogenase. Thereafter, calculations about the 
potential rate of increase in the O2 concentration of the atmosphere should be done. 
Furthermore, experiments are needed to model the effects of microbial mats on the effective 
O2 concentration sensed by green algae. The bioinformatics must also be completed. 

Research objectives or research questions of the project 

 Did hydrogen production by green algae cause the Proterozoic increase in oxygen 
concentration? 

 Did inhibition of algal hydrogenase stop the increase in atmospheric oxygen? 
 What is the relationship between atmospheric oxygen concentration and the activity 

of algal hydrogenase in water and in a microbial mat? 
 How and when did the algal bidirectional hydrogenase evolve? 


