Engineering linkage-specific polyubiquitin antibodies as tools for elucidation of novel signaling pathways
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Abstract 
[bookmark: _GoBack]Statement of the Problem: Ubiquitin is a post-translational modification involved in nearly every signaling pathway. Monoubiquitination occurs when the carboxy-terminus of ubiquitin is linked through an isopeptide bond to a lysine residue on a substrate. Ubiquitin itself contains seven lysines and a free amino-terminus through which additional ubiquitin subunits can be linked, resulting in polyubiquitin chains of different topologies. Determination of polyubiquitin chain linkages requires the use of ubiquitin mutants or complex mass spectrometry experiments. The purpose of this study is to engineer antibodies to detect specific polyubiquitin linkages to provide useful research reagents for the study of ubiquitination in cells. Methodology & Theoretical Orientation: We used phage display to engineer antibodies with exquisite specificity to the linear, K11, K48, and K63 linkages and used X-ray crystallography to elucidate the nature of their specificity. To detect more complex heterotypic chains containing mixed or branched linkages, we have developed bispecific antibodies using the knobs-into-holes technology. Findings: The antibodies are highly specific for a given linkage and work in numerous applications, including western blot, immunoprecipitation, and immunofluorescence. Epitope determination by X-ray crystallography demonstrates that rather than contacting the linkage itself, the antibodies recognize a conformational epitope that results from the relative orientation of two ubiquitin subunits as a consequence of the spatial positioning of the residue involved in the linkage. Conclusion & Significance: The polyubiquitin linkage-specific antibodies have provided ubiquitin researchers with an easy-to-use reagent to quickly and efficiently determine the linkages of polyubiquitin chains without the need for ubiquitin mutants or access to mass spectrometry equipment and expertise. These antibodies have become essential tools in studying ubiquitination in cell signaling and have aided in elucidation of numerous pathways including polyubiquitin chain editing, K11-linked chains in cell cycle control, and K11/K48-branched chains in cell cycle and protein quality control.
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Figure 1: Polyubiquitin chains of different linkages adopt distinct conformations as a result of the residue
involved in the linkage. Polyubiquitin linkage-specific antibodies have been engineering to selectively
recognize the unique conformation of a particular chain linkage. These antibodies can be used in a variety
of applications including immunoprecipitation, western blot, and immunofluorescence and have become
an essential research tool for the ubiquitin biologist.










