Catching virus by the tail
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Although cytotoxic T lymphocytes (CTL) are capable to recognize and destroy virus-infected cells, the initial frequency of virus-specific CTL is very low. Typically, it takes 7-10 days to develop sufficient number of CTL that exercise efficient anti-virus response to contain the virus. Meanwhile, the virus could rapidly spread and may overwhelm the host immune system leading to death in the acute phase of the infection. It is, therefore, beneficial to develop anti-viral therapeutics that can complement natural immunity curbing the spread of virus in the acute phase of the infection and could help winning sufficient time to develop strong anti-viral CTL responses to control the virus.
To achieve this goal, immunotoxin specifically recognizing virus-infected cells have been exploited. All immunotoxins that have been utilized thus far are based on the production of chimeric proteins in which the targeting molecule is fused to a toxin moiety. Instead of producing the chimeric immunotoxin, we propose to assemble targeting and toxin subunits on Streptavidin scaffold to produce composite immunotoxin (ImTx).  This strategy has several advantages. In particular, assembly of immunotoxin on Streptavidin scaffold does not require refolding of the fusion protein that can result in a low yield of properly folded chimeric protein comprising of functionally active targeting and toxin subunits. Moreover, because of its toxicity, toxin moiety should be express in E.coli, but not in eukaryotic cells. The latter, however, may not represent the best system for expression of targeting protein. In addition, assembly of composite ImTx permits to vary the ratio of targeting and toxin subunits to establish an optimal ratio required for successful delivery of necessary amount of toxin molecules into a target cells. This strategy may be especially useful for targeting proteins whose intrinsic affinity for a cell surface receptor is low. Importantly, the proposed approach allows readily produce different immunotoxins with desired specificity by combining various targeting and toxin molecules. 

To provide a proof of the above concept, we have assembled a composite immunotoxin on Streptavidin scaffold that consists of recombinant Pseudomonas exotoxin A subunit (PE38) and recombinant 25-D1.16 Fab fragment which recognizes the SIINFEKL (pOV8) peptide from ovalbumin in association with H-2Kb MHC class I protein.  This ImTx specific binds to H-2Kb+ cells infected with recombinant rabies virus (RV) expressing pOV8 epitope (RV-pOV8) and results in the suppression of the production of virus particles by the infected cells.
The proposed strategy represents a versatile system that allows combining various targeting and toxin molecules to generate various immunotoxins with desired specificity instead of developing a chimera protein containing both target protein and toxin subunit for every viral peptide epitope. In the future, we propose to utilize biodegradable nanoparticles as a scaffold. While we have already shown usefullness of fluorescent nanocrystals, quantum dots (QD), as scaffold to assemble various QD/protein conjugates, we are currently developing biodegradable nanocarriers that would be more suitable for in vivo applications to treat acute viral infections with high mortality rates. 
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