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Abstract  

Biomacromolecular therapeutics (e.g., proteins, DNA, mRNA, antibodies, gene editing tools, etc…) hold vast 
therapeutic potential across human disease states by addressing intracellular targets that have proven 
refractory to traditional approaches. However, a common hurdle to the deployment of these modalities lays in 
their inability to cross the cell membrane, which has prompted intense research into the development of safe 
delivery vehicles capable of packaging large biomacromolecules and deliver them intracellularly. A promising 
type of delivery vectors that we have recently pioneered are phase-separating peptide (PSP) coacervate 
microdroplets (CMs) produced by liquid-liquid phase separation (LLPS)1,2. CMs are simple to synthesize, non-
cytotoxic, and can recruit a wide range of modalities (proteins, pDNA, mRNA, gene editing tools 3, etc…) using 
aqueous-phase preparation procedures. While we have demonstrated that PSP CMs are able to cross the 
plasma membrane of mammalian cells and deliver their payload, the properties of CMs that regulate their cell 
uptake and cargo release kinetics remains poorly understood. 
 
In this talk, I will present our recent studies4 showing that cell uptake and cargo release kinetics efficacy can be 
modulated by controlling the materials and biophysical characteristics of CMs, which can be achieved by simple 
mutations of PSPs. I will then discuss how optimized PSP sequences can yield remarkable delivery efficacy of a 
broad range of therapeutics, including proteins, antibodies, genes, mRNA, siRNA, and CRISPR-Cas9 modalities, 
all of which can be transfected into cells with an efficacy that surpass currently available commercial delivery 
systems, including in hard-to-transfect cells such as primary cells, immune cells, and macrophages. The work 
opens exciting possibilities in gene and cell therapies. 
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