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Reporter genes have played a vital role in the advancement of molecular biology and are essential for the
measurement of gene expression. Downstream reporter genes are used to quantify the activity of upstream
regulatory genes. Reporter proteins also allow researchers to construct synthetic genetic circuits, including the
upstream regulatory genes. In synthetic biology, the dynamics of living cells with the synthetic circuits that are
mathematically designed has been confirmed by the quantification of reporter proteins. However,
Protein-binding sites in promoters of both upstream regulatory and downstream genes compete for regulatory
proteins. Similar to the competition from downstream protein-binding sites to upstream regulatory proteins, the
competition for proteases also alters the dynamics of the upstream regulatory genes.

In my thesis, | evaluated the effect of downstream genes on synthetic genetic circuits by synthetic biology
approach. I constructed synthetic genetic circuits with simple structures containing well-established
protein-binding sites using a combination of in silico and in vivo experiments. My results showed downstream
reporter genes altered the dynamics of upstream regulatory gene networks through the combined competitions
for regulatory proteins and tag-specific proteases. Furthermore, my modeling indicated different positions of
protein-binding sites altered the dynamics of upstream genes despite the same copy number of binding sites for
each upstream regulatory protein.

My study suggests that the choice of the protein-binding site in the reporter promoter is an important
consideration in the analysis of biological processes. My work contributes to the understanding of the optimal

design for improved bioproduction and that of natural gene networks.
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