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Abstract

Effective therapeutic strategies rely on our ability to interfere with cellular processes that are
deregulated in human diseases. Thanks to the advance of genomic technologies in recent years,
components essential for major biological pathways have been identified at the genetic level. Together
they constitute signal transduction cascades relying on protein-protein interactions (PPIs) to elicit
various biological functions. However, it is still poorly understood about the exact roles of individual
PPl in controlling enzyme activity and complex assembly, especially in the context of diverse signaling
networks. Traditional mutation-to-function studies have limitations in this regard due to unpredictable
changes in protein folding and conformation, and difficulties in the identification of bona fide
“separation-of-function” alleles. Hence, there is an urgent need for novel approaches that can
selectively probe and investigate individual PPIs to dissect their biological roles. To tackle this
problem, we have devised a structure-based combinatorial protein design and engineering strategy to
develop novel protein-based PPl modulators. In the past three years, we generated inhibitors and/or
activators for more than 50 E3 ligases and deubiquitinases, enzymes that determine specificity of
ubiquitination and deubiquitination, respectively. With the help of these synthetic molecules, we
discovered new biochemical mechanisms and new biological functions of diverse protein families in the
ubiquitination system. Importantly, we have established effective delivery methods for these
intracellular probes and successfully target therapeutic-relevant genes in cells and organoids.
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