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Proteomics identifies DNA repair toolbox
Max-Planck scientists identify protein profiles of DNA repair

Various repair mechanisms help our cells to revert continuous damage to their DNA. If they fail,
mutations accumulate in the genome that can lead to devastating diseases. DNA repair defects
underlie predisposition to certain cancers, such as familial breast cancer, and promote the
transformation process in other spontaneous cancers. DNA repair requires many factors, but so
far there have not been comprehensive analyses of the intricate pathways involved. Using novel
and highly sensitive proteomic technologies, scientists of the Max Planck Institute (MPI) of
Biochemistry in Martinsried near Munich now report in the journal Science the first global analysis
of the protein recruitment dynamics underlying a critical DNA repair pathway. Their results shed
light on the repair mechanism and identified new proteins and drug targets that could be
important in maintaining genomic stability and preventing cancer.

During each cell division, more than 3.3 billion base pairs of genomic DNA have to be duplicated and
segregated accurately to daughter cells. But what happens when the DNA template is damaged in
such a way that the replication machinery gets stuck? To answer this question, scientists in the team
of Matthias Mann at the MPI of Biochemistry, with colleagues in Copenhagen and at Harvard, have
analyzed how the protein composition of the DNA replication machinery changes upon
encountering damaged DNA.

To monitor such changes, they isolated DNA at several time points during the replication and repair
process, and quantified the bound proteins using mass spectrometry based proteomics. In contrast
to the conventional approach of quantifying a few selected proteins, proteomic analysis allows the
simultaneous quantification of thousands of proteins from a biological sample. Using this unbiased
approach, they found that as the replication machinery collides with lesions in the DNA more than
90 proteins are recruited to help repair the damaged DNA. These include many known DNA repair
factors, as well as new proteins of previously unknown function. Together with the team of
Professor Mailand at the Center for Protein Research in Copenhagen, Denmark, they are now
analyzing whether and how these proteins promote the repair process. “Many of these recruited
proteins are essential for the faithful propagation of genomic information to daughter cells,”
explains Markus Raschle, first author of the study. “Because defects in DNA repair pathways are
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commonly observed in genetically inherited cancer syndromes, such as familially inherited breast
cancer, it is possible that mutations in the new factors may contribute to genetic predisposition to
cancers.”

DNA modifying agents are among the most frequently used class of chemotherapeutics. They work
particularly well if the cancer cells they attack already have defects in the corresponding DNA repair
pathways, as it frequently occurs in breast cancer and other tumors. Adaptation of proteomics for
clinical diagnostics may open completely new possibilities. “Acquiring proteomic profiles directly
from the tumor tissue may help oncologists to rapidly find the optimal class and dose of drugs,” says
Matthias Mann, director at the Max Planck Institute of Biochemistry. “Our hope is that this approach
may lead to more effective therapies with fewer side effects.”
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