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A. Personal Statement

My long-term research interest is to understand the structural and biochemical mechanisms of molecular
machines that are manipulated in disease processes. As a graduate student, | developed a strong background
in biochemistry and biophysics while studying well-characterized bacterial enzyme/inhibitor interactions. For
my postdoc, | sought to extend my experience in structural biology by using cryo-EM to investigate multi-
protein eukaryotic complexes and ubiquitination. My postdoc project involved dissecting the mechanisms of
ubiquitination by the massive 1.2 MDa ubiquitin ligase known as the Anaphase-Promoting Complex or
Cyclosome (APC/C), which is regarded as a master regulator of the cell cycle and is composed of over a
dozen subunits.

As an independent investigator, | aim to interrogate how other E3 ubiquitin ligases function and are
dysregulated in disease. Together with our collaborators, we uncovered multiple mechanisms that control cell
cycle transitions, identified chromatin regulators as E3 substrates, and demonstrated how mutations on E3s
result in neurodevelopmental disorders. We also continue to push technological boundaries by applying new
biophysical tools (e.g., time-resolved cryo-EM and mass photometry) to our fully recombinant systems. These
tools allow us to interrogate complex mechanisms with unprecedented detail.
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The proposed research will address how the destruction of proteins by a complex set of large molecular
machines drive the cell cycle and control cell division.
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B. Positions, Scientific Appointments, and Honors
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C. Contributions to Science

1. Antibiotic resistance remains a global health threat. To understand the evolution of the antibiotic resistance
family of enzymes known as B-lactamases, structural and functional studies revealed the amino acid
requirements for protein stability and enzymatic function. Biophysical and pre-steady state kinetic
approaches uncovered the binding forces and binding residues required for affinity and specificity of the
highly potent B-lactamase Inhibitory protein-Il (BLIP-II).
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Since 1998, it was believed that all RING-containing E3 ubiquitin ligases functioned the same way.

During my postdoctoral work, we discovered that the Anaphase-Promoting Complex/Cyclosome (APC/C)
uses multiple mechanisms of substrate ubiquitination by its E2s (UBE2C and UBE2S). These studies
include the first structures of a RING E3 ubiquitin ligase (the largest family with >600 members) mimicking
ubiquitin transfer to a disordered substrate or building a polyubiquitin chain. We also dissected how distinct
APC/C inhibitors (EMI1 and the Mitotic Checkpoint Complex) differentially modulate APC/C activity during
cell cycle transitions.
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. As an independent investigator, we have uncovered new mechanisms of APC/C activation in mitosis and
revealed how the APC/C remains active during G1. For example, we were able to discover a paradigm-
shifting mechanism by which the E2 UBE2S stimulates substrate priming by the E3 APC/C and E2 UBE2C
through positive allosteric feedback during mitosis. Additionally, our recent paper was the first time-
resolved cryo-EM study published of a RING E3 Ub ligase actively ubiquitinating a target, which revealed
unexpected architectures of the APC/C during polyubiquitination.
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4. My lab is highly collaborative to support the development of new techniques (e.g., Mass Photometry) and
the identification of new APC/C-dependent biological processes. In the papers below, we identified multiple
chromatin regulators as substrates of the APC/C and found the APC/C interacts with the repeating unit of
chromatin, the nucleosome. These collaborations allow our work to span from biochemistry and structural
studies to cell-based assays and mouse studies.
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5. Ubiquitination is tightly controlled by many ubiquitin ligases and deubiquitinase enzymes (DUBs). While
ligases add ubiquitin to substrates, DUBs antagonize this activity by removing ubiquitin marks to the
stabilize their targets. These complex enzymatic processes require new tools and a deep understanding of
both systems. To this end, we have interrogated the mechanisms of several ligases and DUBs involved in
different biological processes.
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