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Investigating the molecular mechanism of transcription coupled nucleotide excision
repair initiation
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Transcription coupled NER (TC-NER) is a dedicated DNA repair system that specifically
removes cytotoxic lesions that block gene transcription, however the mechanism of TC-NER
initiation remains poorly understood. In this joint research proposal, we will use a live-cell
imaging approach of endogenous GFP-tagged TC-NER factors in combination with local UV-
C irradiation to understand how TC-NER factors cooperates during the initiation step of TC-
NER.
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Nucleotide excision repair (NER) is a critical repair system that removes a various types of DNA lesions.
NER contains two sub-pathways: Global Genome NER (GG-NER) repairs DNA lesions generated
throughout the whole genome, while TC-NER specifically repairs the DNA damages on actively
transcribed genes. In comparison to the well-studied GG-NER, the molecular mechanisms of TC-NER,
especially the initiation step of TC-NER, remains largely unclear for more than 20 years. Since GG-NER is
responsible for approximately 90% of the total repair executed by NER, to obtain a better understanding of the
molecular basis of TC-NER initiation, we planned to generate a XPC knock out cell lines using CRISPR/Cas9
technique, which are defective for GG-NER. Then we also planned to generate a cell line library based on the
generated XPC-KO cell lines, in which each core TC-NER factors (e.g. UVSSA, CSA/CSB, USP7) is knocked out,
respectively. We will further generate a set of cell lines with endogenously expression of GFP-tagged NER-factors
(e.g. XPA, XPB et al.). By using these cells and the developed living cell imaging techniques in Biosignal
Research Center, Kobe University. We will study how TC-NER factors are involved in repair of UV induced DNA
damage. Comparison of the recruitment kinetics of general NER factor will give us valuable information on the
reaction order, spatiotemporal organization and the kinetic framework of TC-NER.
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In the past year, we had successfully generated XPC-KO cells using CRISPR/Cas9 technique, and the GG-NER
deficiency in this cell lines was confirmed by UDS assay; moreover, we performed a special UDS assay (TSA-UDS),
of which combined UDS assay with the tyramide-based signal amplification, to measure the TC-NER activity in GG-
NER deficient cells. Since we mainly aim to obtain a better understanding of the molecular mechanism of TC-NER
initiation, thus a cell line library based on the generated XPC-KO cell lines, in which each core TC-NER factors were
sequentially knocked out, were successfully generated and the defects of TC-NER activity in these cell lines were
confirmed by Recovery of RNA synthesis assay. The critical part of this joint research was to study the behavior of
fluorescent-tagged NER proteins after UV damage in the absence of each TC-NER factors. We set out to generate
GFP-NER-factor knock-in cell lines, but unfortunately these works is still under ongoing due to the low efficiency of
gene editing. If this approach is not successful, the library of cell lines stably expressing GFP-tagged NER factors or
transiently transfection method will be considered. In future, we will use these cell lines for live imaging studies.
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