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Dividing cells fix damaged DNA in nuclear PORTs

Mainz, 11 October 2019. The research group lead by Professor Helle Ulrich at the Institute of Molecular
Biology (IMB) in Mainz, Germany has made a breakthrough discovery in how cells repair damaged DNA
during replication. In an article published today in Molecular Cell, they show that during and after DNA
replication the damaged portions are repaired in specialised areas of the nucleus, which they named
‘postreplicative repair territories’, or PORTs. This discovery advances our understanding of how cells
cope with damaged DNA during replication and provides a mechanistic basis on which new drug
therapies could be designed in the future.

DNA encodes the information necessary for cells to function and must be faithfully replicated every
time a cell divides to ensure that the correct information is passed to both daughter cells. Replication
of DNA is carried out by DNA polymerases, which ‘read’ the bases in the parent strand and insert
complementary bases to synthesize a new, perfectly matching daughter strand. However, DNA is
frequently damaged by everyday exposure to UV radiation, oxidative stress and mutagenic chemicals.
These damaging agents can chemically modify bases in the DNA, creating what is known as a DNA
lesion.

DNA lesions are very common, occurring more than 100,000 times per cell per day, and are a problem
for DNA replication because the modified bases do not match any of the normal bases. If the lesions
are not repaired to restore the original sequence the daughter cell may lose genetic information and
no longer function properly, leading to cell death. Indeed, drugs that prevent cells from repairing their
DNA can be used to kill rapidly dividing cancer cells, which are often particularly vulnerable to DNA
damage.

To cope with constant exposure to environmental insults, cells must be able to repair lesions. However,
itis unclear how this repair is coordinated with DNA replication. Scientists had previously assumed that
replication stalls when DNA polymerase encounters a lesion, and that the damaged DNA would then
relocate to dedicated DNA repair centres at the periphery of the cell nucleus, where other types of
DNA damage such as double-strand breaks are repaired. However, this theory had never been
experimentally proven.

To investigate how and where DNA lesions are repaired during replication, Prof. Ulrich and her
colleagues labelled Replication Protein A (RPA), a protein which binds to DNA that is actively
undergoing repair, with a fluorescent marker. They then used microscopy to monitor the location of
the fluorescent RPA signal in dividing yeast cells that had been treated with a drug that induces DNA
lesions.

To their surprise, the fluorescent RPA signal did not co-localise with known DNA repair centres at the
nuclear periphery, indicating that the lesions were not being repaired in the same place as double-
strand breaks. Instead, the RPA signals formed distinct foci inside the nucleus. Moreover, rather than
binding to actively replicating DNA, the fluorescent RPA bound to regions of DNA that had already
completed replication 30 min ago. This shows that lesions are not repaired in stalled, replicating DNA,
but are repaired sometime after replication. Prof. Ulrich and her team named these previously
unknown repair regions in the nucleus ‘postreplicative repair territories’, or PORTs.



As Prof. Ulrich says, “Our findings are surprising because they show that cells appear to go to great
lengths in order to keep DNA repair processes well away from ongoing genome replication. This makes
us reconsider our ideas about how cells deal with DNA lesions during replication.” Prof. Ulrich and her
colleagues now hope to understand how PORTs are formed and the precise proteins and processes
involved in repairing lesions. Understanding which repair proteins are responsible for fixing lesions
could eventually reveal new drug targets for killing cancer cells.

Further details

Helle Ulrich is the Executive Director of IMB and Professor of Biology at Johannes Gutenberg University Mainz. Further
information about research in Ulrich lab can be found at https://www.imb.de/research/ulrich/research/. The paper
mentioned in this work can be found at https://www.cell.com/molecular-cell/pdfExtended/S1097-2765(19)30700-2.
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