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Microfluidics-based Cell-free Protein Evolution

Naohiro TERASAKA™ and Akihiro ISOZAKI™

Directed evolution has enabled the engineering of high-performance enzymes and biosensors; however,
evolving proteins that require multi-condition evaluation remain limited by the trade-off between throughput
and experimental complexity. In this project, we aim to establish a high-speed, cell-free droplet-based
protein evolution platform by integrating advanced microfluidic device engineering with an optimized
cell-free translation system. To enable accurate two-state screening, we developed a high-accuracy droplet
pair-matching method using independently controlled reference particles to decouple matching signals
from target molecule signals. We also developed a prototype of mScarlet-based lactate biosensor using
cell-free droplet screening, achieving a fourfold improvement in signal-to-noise ratio. These results establish
the foundation for high-throughput, multi-condition protein evolution and pave the way for developing
high-performance lactate sensors for intracellular imaging applications.
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