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Genomic DNA is packed, duplicated, and expressed with the aid of thousands of
chromosomal proteins, many of which are derived from essential genes. Gene disruption
is a powerful approach for dissecting protein function but remains difficult to be applied
to proteins essential for cell viability. Hence, novel approaches that enable intended
protein degradation by combining genetic manipulation and chemical biology are
getting more attention in a wide range of recent biology. The auxin-inducible degron
(AID) technology is a plant-derived protein degradation application that allows rapid
and specific depletion of a protein of interest (POI) in non-plant cells utilizing the
ubiquitin-proteasome system of the host organisms, with an option to re-express after
target depletion. AID can be applied to a wide range of organisms including human cells
by introducing the two factors via genetic modifications: ectopic expression of the
auxin-perceptive plant protein, transcription inhibition response 1 (TIRI1), and
introduction of the AID tag (TIR1 recognition peptide) to POI. The addition of auxin
mediates the recognition of the AID tag by the auxin receptor TIR1, which recruits an
endogenous ubiquitin ligase complex for ubiquitylation and proteasomal degradation of
the POI. Typically, a POI is degraded within an hour upon the addition of auxin, bearing
the AID system as one of the fastest protein depletion technologies. This acute and
efficient degradation allows us the direct functional analysis of many proteins, in
particular those required for cell viability, before secondary effects of protein depletion
accumulate.

In principle, no protein degradation should take place in the absence of auxin.



However, due to the nature of the TIRI (ubiquitin ligase) — AID tag-fused POI
recognition and the presence of auxin-like chemicals in the cell culture medium, even
in the absence of auxin, basal degradation is observed, which occasionally hampers
functional analyses. An additional drawback of the system is the use of relatively high
concentrations of auxin. Even though the concentrations used for human culture cells
do not affect their growth, this is a potential problem for application to mice and other
multicellular organisms. Therefore, the main goal of Chapter 1 is to resolve the issues
of basal degradation and high auxin concentration to make AID a robust technology
that can be used as a standard tool for genetic perturbation to study protein function
and ultimately be applied to mice.

First, I addressed the problem of basal degradation in the absence of auxin. The first
described result is the use of the inhibitor auxinole for timely control of degradation
and re-expression of the AID tag-fused proteins. Second, I took another approach to
improve the AID system from the genetic perspective by developing an all-in-one
plasmid encoding the TOL2 transposon sites and all required components for stable
integration and controlling the expression of transgenes. Genetic manipulations for
generating AID mutants can be performed using the clustered regularly interspaced
short palindromic repeats (CRISPR)-CRISPR-associated protein 9 (Cas9)-mediated
genome editing. By combining it with TOL2 transposase encoding plasmid and
CRISPR—-Cas9 knockout plasmid for simultaneous transfection, I created a new protocol
for generating AID mutants in polyploid human cells.

The final and major result is creating the updated version of the AID technology,
AID2, by increasing the specificity of the TIR1 — AID tag interaction to suppress basal
degradation and decrease the ligand concentration. This was done by introducing a
mutation to the TIR1 receptor and using an auxin analog that binds specifically to the
mutant receptor. Due to the high specificity of the new receptor — inducer pair, the

problem of basal degradation was mostly eliminated. Importantly, I found that several



hundred times lower inducer concentration is required for efficient protein degradation.
Moreover, the improved system allows the construction of AID mutants previously
proved to be complicated or impossible. This improvement significantly enhances the
utility of the AID technology and reveals new perspectives for its use, such as its
application to stem cells, mice, and other multicellular organisms.

In Chapter 2, I took a different approach to characterize one of the essential
chromosomal proteins, cohesin, by establishing biochemical reconstitution assays using
purified protein components. Cohesin is a ring-shaped protein complex that mediates
sister chromatid cohesion, one of the chromosomal structures essential for faithful
chromosome segregation during cell division. I have reconstituted the meiosis-specific
cohesin complex to analyze its ATP-dependent DNA loading, which is vital for creating
sister chromatid cohesion. I found that meiotic cohesin topologically entraps DNA in a
similar way to the somatic version of cohesin whereas its dissociation appears to be
differently regulated. The established in vitro assay will provide a novel opportunity
for molecular studies of meiotic chromosome organization driven by meiotic cohesin

complexes.
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