Encapsulation of Butyrylcholinesterase with a Cationic Copolymer Library
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Bioscavengers, such as serum albumin and butyrylcholinesterase (BChE), are an important class of proteins that bind and neutralize toxins. One of the primary challenges to using bioscavengers as a treatment for intoxication is the limited circulation half-life of the protein. One approach to overcome this challenge is encapsulation of the bioscavenger within a biocompatible polymer that will protect the protein from clearance during circulation. In this study, a grafted copolymer, composed of poly-L-lysine (PLL) and polyethylene glycol (PEG), was used to encapsulate BChE.  The PLL, which makes up the backbone of the copolymer, is a cationic polymer that self assembles with the negatively charged protein at physiological conditions. The other polymer, PEG is a neutrally charged polymer that has been used extensively to enhance the circulation half-life of pharmaceutics. 
While the long-term goals are to demonstrate that such a polymer can be used to extend circulation times and target specific sites within the body, the aim of the present study was to evaluate a library of PLL-g-PEG copolymers for encapsulation efficiency and retained protein activity. A library of nine grafted copolymers was produced using either 4-15 kDa, 15-30 kDa, or 30-70 kDa PLL and PEG:PLL grafting ratios of 2, 10, or 20. BChE was encapsulated with each PEG-g-PLL produced by electrostatic self-assembly of the protein and the grafted copolymer. The resulting nanoparticle was then stabilized by cross-linking PLL-g-PEG using glutaraldehyde. The encapsulation efficiency was measured using SDS-PAGE and densitometry. 
The copolymer library was first validated using H NMR to confirm the desired grafting ratios.  The formation of polymer/protein nanoparticles was subsequently confirmed by a SDS-PAGE gel retardation assay. The identity of the BChE band in the gel retardation assay was verified using MALDI-TOF protein fingerprinting. The disappearance of the protein band corresponding to the BChE was quantified using densitometry and used as a measurement of encapsulation. For several copolymers, nearly complete encapsulation of the bioscavenger was achieved. Encapsulation of the BChE into nanoparticles was found to be strongly dependent on the molecular weight of the PLL backbone and the copolymer to protein mass ratio. Typically, a copolymer to protein mass ratio greater than 2:1 was required for high levels of encapsulation. Additionally, the formation of nanoparticles was observed using TEM and dynamic light scattering. The average particle size of the nanoparticles, observed using DLS and TEM, ranged from approximately 40-100 nm, depending on the copolymer and ratio of copolymer to enzyme. The bioscavenger was found to remain functional, despite encapsulation and glutaraldehyde exposure. The results of this study identified an optimal copolymer to protein mass ratio for encapsulating a functional bioscavenger for several of the copolymers of the library. Future studies will focus on active targeting strategies and further retention of protein activity.
