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Abstract: Ubiquitination is an important protein post-translational modification that is essential for
almost all cellular processes in human cells. The reverse process, deubiquitination is catalyzed by
deubiquitinases (DUBs), malfunction of which has been implicated in numerous diseases. Consequently,
extensive efforts have been put into developing DUB inhibitors in the past two decades. However, most
chemical compounds with DUB inhibitory activities only confer mild potency and low selectivity. This is
presumably due to the diversity, complexity, and dynamic regulation of DUB catalysis. To tackle this
problem, a protein engineering-based strategy of developing ubiquitin variant (UbV) inhibitors for
systematic targeted inhibition of human DUBs was devised. This technology was further expanded to
develop inhibitors of E2 conjugating enzymes and E3 ligases. In this thesis, the UbV technology is
employed to develop inhibitors for STAMBP and OTUDI, in DUB families of JAMM and OTU,
respectively. Unique UbV sequences are identified from phage display-based selection of the UbV library.
Following biochemical and cellular characterizations indicate UbV's are potent and specific inhibitors. In
addition, the crystal structure of STAMBPLI1 in complex with a UbV reveals its inhibitory mechanism.
Finally, UbVs for OTUDI are explored for targeted stabilization, which mediates the deubiquitination and
stabilization of EGFR in a UbV-induced proximity (UbVIP) approach as a proof-of-concept. The UbV
inhibitors developed in this work are the first potent and specific inhibitors targeting the selected DUBs,
thus providing new tools for the research community to probe the DUB biochemical mechanisms and
facilitate the development of small-molecule inhibitors and the investigation of targeted protein
stabilization.
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