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            Abstract
Transcription-coupled DNA repair uses components of the transcription machinery to identify DNA lesions and initiate their repair. These repair pathways are complex, so their mechanistic features remain poorly understood. Bacterial transcription-coupled repair is initiated when RNA polymerase stalled at a DNA lesion is removed by Mfd, an ATP-dependent DNA translocase1,2,3. Here we use single-molecule DNA nanomanipulation to observe the dynamic interactions of Escherichia coli Mfd with RNA polymerase elongation complexes stalled by a cyclopyrimidine dimer or by nucleotide starvation. We show that Mfd acts by catalysing two irreversible, ATP-dependent transitions with different structural, kinetic and mechanistic features. Mfd remains bound to the DNA in a long-lived complex that could act as a marker for sites of DNA damage, directing assembly of subsequent DNA repair factors. These results provide a framework for considering the kinetics of transcription-coupled repair in vivo, and open the way to reconstruction of complete DNA repair pathways at single-molecule resolution.
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                        Experimental approach and real-time dissociation of stalled RD
                        
                        e
                         by Mfd.
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Figure 2: 
                        Mfd ATP usage and displacement of stalled RNAP.
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Figure 3: Kinetic characterization of the action of Mfd on RDe.[image: ]


Figure 4: 
                        Model of RNAP displacement by Mfd during TCR.
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        Editorial Summary
Two-step process to restart DNA polymerase
The presence of a DNA lesion stalls elongating RNA polymerase, and so that transcription can resume a process known as transcription-coupled repair is initiated. This involves a bacterial accessory factor, Mfd, that promotes release of the stalled polymerase prior to removal of the lesion by DNA-repair factors. This study follows the early stages of transcription-coupled repair using a single-molecule approach. Mfd is shown to promote polymerase dissociation in two stages: it first drives partial collapse of the transcription bubble to form a long-lived intermediate, then a series of irreversible steps wrenches the polymerase off the DNA and restores it to normal B-form. These experiments thus reveal generic kinetic features of transcription-coupled repair initiation that should provide a framework for understanding the process in vivo.
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