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As the fossil fuel economy grows increasingly unsustainable, it becomes more and more 
important that humanity develops alternative energy solutions.  Climate change is occurring at an 
alarming pace, disrupting the biosphere, precipitating 
international conflicts over finite resources, and destabilizing the 
global economy.  Synthetic biology, the integration of multiple 
scientific disciplines, provides scientists with a path towards 
rapid development of renewable fuels via biological systems.  
Most synthetic biology approaches thus far have focused on 
reprocessing feedstocks into high-value products in a 
heterotrophic chassis (an autonomous self-replicating biological 
framework, or superstructure, that acts as the platform for 
synthetic genetic circuitry).  For energy production, it is 
important to turn toward photosynthetic organisms to harness the 
abundant solar energy that bathes Earth’s surface.  This project 
focused on developing hydrogen-producing organisms by 
transferring highly reactive hydrogen-evolving [Fe-Fe] 
hydrogenase enzymes into cyanobacteria (oxygen-producing 
photosynthetic bacteria).   
The synthetic genetic circuitry developed in this project was 
designed to express certain hydrogenases (HydA1 and HydA2; enzymes responsible for the 
production of molecular hydrogen) from the green alga Chlamydomonas reinhardtii, or the 
hydrogenase HydA from the bacterium Clostridium acetobutylicum).  Attempts were made to 
combine these synthetic hydrogenase circuits with the hydrogenase maturation enzymes (required 
for activating the hydrogenases) from C. reinhardtii and Clo. acetobytylicum (HydEF and HydG, 
and HydE, HydF and HydG, respectively), but these attempts have not yet succeeded.  The 
expression of synthetic hydrogenases was confirmed through protein analysis and hydrogen 
production was measured using a hydrogen electrode.  Results indicate that the synthetic 
hydrogenase genes were successfully turned into protein, but these proteins were inactive without 
their maturation factors.  Ongoing work is focused on expressing the synthetic maturation 
systems in tandem with the synthetic hydrogenases in order to produce a hydrogen-yielding 
system. 
 
 
Degree project in Biology, Master of science (1 year), 2010  
Examensarbete i biologi 15hp till magisterexamen, 2010  
Biology Education Centre & Dept. of Photochemistry and Molecular Science, Uppsala 
University 
Supervisors: Dr. Thorsten Heidorn and Professor Peter Lindblad 

 


