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The depletion of natural resources (e.g. fossil fuels) and anthropogenic climate change are the major 
challenges of humanity today. Hence, fuel technologies that pave the way for sustainable future are 
needed. One such sustainable fuel technology can be made possible by exploiting the enormous amount 
of solar power (5.7 × 1024 J per year) reaching the Earth’s surface.  Apart from solar cells - the most 
widely known technology that uses solar power to produce energy, technologies using photosynthetic 
organisms to produce fuels are also in the research pipeline. Synechocystis sp PCC 6803, belonging to 
the phylum cyanobacteria is one such apt photosynthetic model organism that can be harnessed to 
produce biofuels like biohydrogen due to its easy culturing conditions, and its intensively studied 
cellular mechanisms. Hence, this project centered on engineering cyanobacteria Synechocystis sp PCC 
6803 using synthetic biology approaches to enhance its hydrogen production capability.  
 
Generally genetic engineering in microorganisms is usually carried out by performing hetrologous gene 
expression of the foreign genes amplified using PCR, which do not take problems like codon usage bias 
into account. On contrary, this work focussed on introducing codon optimized synthetic [FeFe] 
hydrogenase genes from Clostridium acetobutylicum (hydA) and Chlamydomonas reinhardtii (hydA1 
and hydA2) with/without the native ferredoxin gene attached via a linker peptide, and their respective 
maturation system genes (hydE, hydF, hydG) into the cyanobacterial strains (Synechocystis PCC 6803 
and, ΔHoxEF Synechocystis PCC 6803, lacking the native hydrogenase). For expressing all these genes 
in cyanobacteria, synthetic constructs were developed by cloning under synthetic promoters (Trc1 or 
Trc2) and synthetic ribosome binding sites (BB_0034). Initial hydrogen evolution measurements of 
mutant cyanobacteria and E.coli (carrying only hydrogenase constructs), using Clark type hydrogen 
electrode, indicated no hydrogen evolution, although the western blotting results of the same mutant 
strains confirmed the expression of hydrogenase genes. In light to this problem, when an alternative 
approach of introducing maturation system constructs (in plasmid pSB1AC3) into mutant E.coli (BL21) 
cells carrying hydrogenase constructs (in plasmid pPMQAK1) was carried out, hydrogen evolution was 
noted. This puts forward the need for maturation system genes for these hydrogenase genes to undergo 
posttranslational modifications and become biologically active. Thus the future work in cyanobacterial 
strains will also focus on introducing maturation system constructs and hydrogenase constructs that are 
in different plasmids or inserting the maturation system constructs into the genome by recombination 
process with the help of integrative plasmid (pGDYH_NS). Hence, in future, hydrogen evolution is 
expected in the cyanobacterial cells that will carry both the synthetic hydrogenase and maturation 
system constructs. This will be a proof of concept that synthetic hydrogenase and maturation system 
genes derived from Clostridium acetobutylicum (hydA) and Chlamydomonas reinhardtii under synthetic 
promoters could produce hydrogen in cyanobacteria.  
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