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Proteins are the engines of life that perform essential functions inside cells, such as enzyme catalysis, signal
transduction, gene regulation and maintaining a fine balance between cell survival and programmed death.
Many diseases arise from the alterations in the functions of intracellular proteins. Therefore, a general method
of delivering active forms of proteins to specific cells and organs in living organisms is an important goal in
many medical applications. However, proteins have poor membrane permeability and low serum stability, and
therefore require suitable transporters for their efficient delivery. A nanoscale approach to cytosolic protein
delivery is the reverse encapsulation of protein cargo in a degradable polymeric layer. The polymer shell can
serve as a protective layer that shields the protein from proteases and denaturants; as well as presenting a
positively charged vehicle for cellular internalization. Our lab recently developed a strategy to synthesize
biodegradable nanocapsules that can be used to deliver a variety of protein targets. The single-protein
nanocapsules were prepared through interfacial polymerization around the native proteins with monomers and
biodegradable crosslinkers. The deposit of monomers and crosslinkers is facilitated by electrostatic interactions
and is therefore noncovalent in nature. Degradation of the crosslinker upon entry into the cell leads to
disassembly of the nanocapsule layer and release of the protein cargo. Nanocapsules formed using this method
are uniform in size (~20 nm) with overall positive surface charge, and are internalized by different cells through
endocytosis. We demonstrate the utility of the nanocapsule approach in triggering apoptosis in various human
cancer cell lines, including HeLa, MCF-7 and U887MG, by using caspase-3 as the protein cargo.
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