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Abstract : To address the fragmentation between metabolic pathway analysis, genetic circuit construction, strain
testing, and fermentation optimization in synthetic biology teaching, we developed a research problem—
driven project-based teaching model. Taking violacein production by Corynebacterium glutamicum
as the central case, the course reorganizes target—product analysis, chassis selection, L-tryptophan
supply enhancement, heterologous expression of the vio gene cluster, adaptive laboratory evolution,
and fermentation optimization into a design-build—test-learn (DBTL) engineering cycle. Through
problem introduction, knowledge construction, group project design, staged feedback, and final
defense, students are guided to solve a realistic green biomanufacturing problem. The teaching practice
indicates that this model helps students integrate scattered knowledge into systematic engineering
strategies and improves their abilities in metabolic network analysis, genetic circuit design, evolutionary
screening, and scientific communication. The natural purple phenotype of violacein also provides an
intuitive marker for phenotype testing and learning feedback.
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