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1-Butanol is considered an important commodity chemical and advanced biofuel. To allow 1-butanol
production in a sustainable manner, recently photosynthetic organisms, such as cyanobacteria, have become
attractive model microorganism for their ability to convert carbon dioxide to valuable products. Microbial
1-butanol is natively produced via a natural metabolic CoA-dependent pathway in selected species of Clostridia.
In relation to this, a cyanobacterial strain, capable of producing 1-butanol was engineered by introducing a
modified Clostridial CoA-dependent pathway. However, the 1-butanol titer in engineered cyanobacteria is still
considered to be low compared to other microbial hosts. Therefore, cyanobacterial-based 1-butanol production is
needed to be improved. In recent years, metabolomics-based approaches for strain improvement are widely
being employed, which enables rapid detection of important metabolites in the production pathway.
Metabolomics, a comprehensive study of metabolites, is able to demonstrate the downstream effects of gene and
protein regulation, arguably representing the closest correlation with phenotypic features. Therefore, a deeper
understanding of the metabolic state of Synechococcus elongatus 1-butanol producing strains offers an effective
way to facilitate strain improvement. In this study LC/MS/MS-based metabolic profiling was applied, allowing
for the identification of the possible target for pathway modification in the CoA-dependent pathway to

ultimately improve both titer and productivity.

In Chapter 1, general introductions regarding Synechococcus elongatus 1-butanol producing strains and
the potential of using metabolomics to find possible target for strain improvement are presented. In Chapter 2,
comparative metabolic profiling of Synechococcus elongatus 1-butanol producing strains using LC/MS/MS
methods were conducted to identify possible targets for strain improvement in the 1-butanol biosynthesis
pathway. The data suggested that PduP enzyme that catalyzed butanoyl-CoA to butanal reaction was required
to be improved. Subsequently, modification based on the finding was performed and a new strain, named DC7,
outperformed 1-butanol titer of published strain by 33%. In Chapter 3, a newly possible target for strain
improvement, acetyl-CoA to malonyl-CoA reaction, was realized. Optimization of acetyl-CoA to malonyl-CoA
resulted in the highest reported 1-butanol productivity for engineered Synechococcus elongatus PCC 7942. In
Chapter 4, the summary of important conclusions obtained from this study and the future perspectives are

described.
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