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Abstract: 
One of the most remarkable and difficult therapeutic challenges of botulinum neurotoxin (BoNT) exposure is the extreme persistence of the flaccid paralysis caused by the toxin, which can last up to several months. The enduring clinical symptoms of intoxication are particularly prominent with BoNT serotype A (BoNT/A) and are caused by retention of the toxin protease light chain (LC) in the presynaptic terminal of the neuromuscular junction. In order to facilitate recovery and to improve chances of success with therapeutic agents, we are developing treatments designed to accelerate cellular degradation of BoNT LC. We are harnessing the regulated cellular degradation machinery of the ubiquitin protease system (UPS) to specifically target the toxin for elimination by the motor neuron. To accomplish this goal, a family of “designer” E3 ubiquitin ligases are being developed which will attach ubiquitin to the BoNT LC designating it for destruction by the cell. Our approach to development of such BoNT LC-directed designer E3 ubiquitin ligases is based on the observation that most cellular E3 ubiquitin ligases are modular in structure with one E3 module binding to the target protein (substrate) and a second module ligating ubiquitin to the substrate protein. To generate BoNT LC directed designer ubiquitin ligases, we have utilized the RING domain of the cellular ubiquitin ligase, XIAP, and separately fused it to two different BoNT LC-directed targeting domains. One LC binding domain is a 

non-cleavable form of SNAP25 (SNAP25nc) while the second is a high affinity anti-LC single-chain camelid antibody (VHH). Other ubiquitin ligase domains are being prepared for testing in conjunction with the LC targeting domains.

In progress to date, we have demonstrated that the SNAP25nc/RING designer ubiquitin ligase is able to mediate ubiquitination of BoNT/A LC and accelerate its degradation in transfected N18 cells. An anti-BoNT/A LC VHH (VHH-B8) has been developed that has a Kd about 1 nM (BIACore and FRET assays) and inhibits LC protease activity. Co-expression of YFP/VHH/RING with CFP-BoNT/A LC in Neuro2a cells leads to redistribution of cytosolic YFP-VHH-RING protein to the cell plasma membrane as an apparent result of binding to the CFP-BoNT/A LC. Colocalization with CFP-BoNT/A LC was confirmed by fluorescent microscopy, and physical interaction of the two proteins was demonstrated by FRET measurements. A similar redistribution of YFP-VHH-RING to the location of CFP-BoNT/A LC was observed in co-transfected MDCK cells. Physical interaction of the YFP-VHH-RING and CFP-BoNT/A LC in cells is currently being confirmed by 

co-immunoprecipitations, and effects of the YFP-VHH-RING on BoNT/A LC ubiquitination are being determined. We are also in the process of assessing several protein transduction domains (PTDs), including some reported to mediate uptake into neurons, for their ability to facilitate translocation the designer ubiquitin ligases into intoxicated cells.
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