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Protein-based Nanoparticles for Delivery of Active Molecules
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Nanyang Technological University, Singapore
Self-assembling protein subunits that form hollow cage-like structures have, called protein cages, been investigated as potential molecular carriers. However, tuning the release rate of encapsulated molecules from these protein cages is a challenge. We hypothesize that by rationally modulating the protein-protein interactions between the protein cage subunits, the release of molecular cargo from the lumen can be tuned. To test the hypothesis, we introduced modifications at the intersubunit interface and the interaction surfaces between two molecules by introducing non-native histidines or substituting the interacting surfaces with other peptide sequences. The effects of the modifications were characterized for pH responsiveness. In recent studies, we also found that these protein cages form an ensemble that stabilize oil droplets in water by localizing at the oil-water interface and forming Pickering emulsion. However, their behaviour and structural integrity at this interface is rarely studied. In this work, we present a model protein cage derived from the E2 protein of Geobacillus stearothermophilus and show their pH-responsiveness as individual molecules as well as the resulting emulsion that is formed by their ensemble. The pH responsiveness is relevant for the triggered release and delivery of active molecules encapsulated at specific sites of the body (e.g. endosomes, skin). Further engineering of the surface of the protein cages also results in enhanced accumulation to specific skin cells. Another interesting observation is that the protein cages retain their structural integrity at the oil-water interface forming protein ensemble. This behaviour is distinct from other small (monomeric/ dimeric) proteins and shed a new light for further studies of protein assemblies at interfaces. 
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