Research Statement
My research program focuses on establishing a predictive engineering framework to restore metabolic homeostasis through the design of living therapeutics. By addressing the global "metabolic pandemic" as a manageable engineering challenge, I will develop therapeutic probiotics capable of sensing and controling pathogenic metabolites like cholesterol and trimethylamine N-oxide (TMAO) directly within the gut. This localized intervention provides a self-regulating alternative to systemic pharmacotherapies, aiming to intercept the drivers of cardiovascular and metabolic diseases before they lead to irreversible systemic decline.
To achieve this, I will integrate machine learning-guided protein engineering with synthetic biology to overcome the kinetic barriers of low metabolite concentrations in the gut. My approach utilizes generative sequence-to-function models to design kinetically superior enzyme variants and phase-separating biomolecular condensates that act as intracellular reaction hubs to enrich and consuming target molecules. By quantitatively optimizing metabolic flux through these engineered condensates, my work provides a generalizable platform for enhancing cellular resilience and proactively preserving physiological health to extend the human health span.
