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The bottom-up approach to building artificial cells can help us better understand living systems and
enable next-generation biotechnologies. During my postdoctoral period, I used cell-free gene
expression and microfluidic chips to transplant bacterial chromosomes, study tradeoffs in genetic
decision-making, and build the first gene circuit on a single DNA molecule. The three projects spanned
orders of magnitude and, for the first time, revealed the rich dynamics of molecular biomachinery at
the whole-genome and single-gene levels outside a cell: Slow dynamics of bacterial condensins
maintain chromosome organization, whereas coupled gene expression machinery produces nascent
proteins that transiently drive gene regulation on the same DNA. Together, these steps demonstrate
diverse cell-free DNA transactions, leading the way toward autonomous DNA-based systems with great
potential for on-chip genome technology in biomedicine.
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