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Tailor-made enzymes direct DNA repair pathways in the cell

11 March. The team of Prof. Helle Ulrich at the Institute of Molecular Biology (IMB) in Mainz, Germany,
has created a new strategy to manipulate polyubiquitin chains in cells using tailor-made enzymes. This
method allows researchers to directly investigate the functional effects of specific changes in protein
polyubiquitylation, and hence provide an important tool to help researchers understand the role of
ubiquitylation in protein reqgulation. The results were published in the journal Molecular Cell.

Within the cell, proteins must be carefully regulated to ensure they are transported to the right
locations, while proteins that are damaged or no longer needed must be removed. To do this, cells
“earmark” their proteins with chemical tags called posttranslational modifications. Some
posttranslational modifications mark proteins for transport to specific locations in the cell, while others
mark unnecessary proteins or those that have completed their tasks for degradation and removal.

One such important posttranslational modification is ubiquitin. Proteins can be tagged with a single
ubiquitin, or they can be polyubiquitylated by so-called ubiquitin ligase enzymes, which join additional
ubiquitin groups to the first ubiquitin like links on a chain. Depending on the attachment site at which
the ubiquitin groups are joined together, the resulting polyubiquitin chain can adopt various different
shapes, ranging from extended and flexible to compact and folded.

Scientists have long noticed that polyubiquitin chains with different shapes are associated with distinct
protein fates, suggesting that the cell may direct proteins toward different pathways by tagging them
with particular varieties of chains. However, this was difficult to prove because there was no way to
directly manipulate polyubiquitin chains in the cell, making it nearly impossible to know if a change in
protein stability or location was actually caused by a change in the structure of the polyubiquitin chain.

To tackle this problem, researchers in the lab of Prof. Ulrich, with key support from the group of Prof.
Petra Beli, created and validated three tailor-made ubiquitin ligase enzymes. All three enzymes
specifically extend ubiquitin chains on the same site of a protein called PCNA, which controls DNA
replication and repair pathways, but each enzyme creates a polyubiquitin chain with a different shape.

The researchers then tested whether the three ubiquitin ligase enzymes caused different effects on
PCNA function in yeast. Tagging PCNA with the “original” chain type that is normally used by the cell
promoted DNA repair via a pathway called template switching and protected cells from DNA damage,
while tagging PCNA with an alternative chain type that is known to promote protein degradation in
other contexts appeared to inhibit DNA repair by promoting degradation of PCNA. Consequently, the
cells became more sensitive to DNA damage. Surprisingly, tagging PCNA with a third chain type that is
not naturally formed in yeast also promoted DNA repair by template switching, albeit not as effectively
as the original chain type. The researchers reasoned that this may be because these two chains share
a similar structure.



These results are important because they proved for the first time that tagging a protein with
polyubiquitylation chains of different shapes at the same site can have different effects on its function.
To show that this new method also works on other proteins, the researchers then used the same
approach to design ubiquitin ligase enzymes targeting an unrelated protein, GFP. Prof. Ulrich says,
“Our strategy has the potential to greatly expand the ways in which polyubiquitylation can be studied
and should be applicable to a wide range of proteins and polyubiquitin chains”. Through this new
technique, Prof. Ulrich and Prof. Beli have created a new tool for researchers to gain insights into how
ubiquitylation controls proteins in the cell.

Further details
Further information can be found at https://www.sciencedirect.com/science/article/pii/S1097276522001393
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