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Section 2 – Project Information
	Project Title

	Using cryo-EM to reveal the molecular architecture of DNA repair machinery in plants

	Project Summary 

	Background
DNA double-strand breaks (DSBs) threaten genomic stability and cell viability.
Non-homologous end joining (NHEJ) is a critical DSB repair pathway in both
animals and plants. In humans, NHEJ involves key proteins including DNA-PKcs,
Ku70/80, Ligase IV, XRCC4, XLF, and regulatory factors such as PAXX. However,
many plant genomes lack some of these, notably DNA-PKcs, raising the question
of how NHEJ functions in their absence. Understanding plant NHEJ is vital for
genome integrity, CRISPR-Cas9 editing, telomere maintenance, Agrobacteriummediated
T-DNA integration and agriculture, food sustainability.
Cryo-EM of Human NHEJ Proteins
Dr Chaplin’s lab has established a robust cryo-EM workflow to study human
NHEJ complexes, resolving high-resolution structures. These structures
challenged the classic three-step model of NHEJ by revealing two distinct DNAPK
dimers mediated by Ku80’s C-terminus or XLF. Functional studies confirmed
both dimer types are essential for effective DNA repair in vivo. We now aim to
apply this expertise to plant systems.
Structural Studies of Plant NHEJ Proteins
Compared to mammals, plant NHEJ mechanisms remain poorly understood.
Arabidopsis thaliana, our model plant, possesses Ku70/80, Ligase IV, XRCC4,
polymerase λ, Snm1, and PAXX—but lacks DNA-PKcs and XLF. Recent X-ray
studies of A. thaliana PAXX reveal its divergence from XLF and its plant-specific
role in DNA repair. However, the structures and interactions of other plant NHEJ
proteins remain unknown. Our goal is to characterize these components to
elucidate plant-specific NHEJ mechanisms.

Key Research Aims
1.Clone A. thaliana Ku70/80, Ligase IV, XRCC4, and PAXX.
2.Overexpress Ku70/80 in insect cells; Ligase IV, XRCC4, and PAXX in E. coli.
3.Purify proteins using affinity, ion-exchange, and size-exclusion
chromatography.
4.Conduct biochemical interaction assays (e.g. EMSA, ITC, gel filtration).
5.Initiate cryo-EM studies of individual proteins and complexes.

Techniques that will be undertaken during the project
•Cryo-EM and X-ray crystallography – sample preparation, data collection,
processing and analysis.
•Biophysical techniques such as ITC, EMSA, gel filtration, Octet.
•Molecular biology such as PCR, ligations, mutagenesis plasmid construction and
DNA isolation.
•Protein expression and purification – Insect cells, E. coli and human cell extracts
using AKTA purification systems.
•Biochemistry techniques such as SDS-PAGE gels, ligation assays, kinase activity,
mass spectrometry.
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