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OVERVIEW

The DNA Replication Group studies the process of genome
duplication and its molecular alterations in cancer cells. In the
past year, we have defined new genetic and regulatory elements
of replication origins, the genomic regions that serve as starting
sites for DNA synthesis. We have characterised a conserved DNA
sequence motif and a newrole of AURKA kinase in the regulation
of origin activity. In parallel, we have investigated the molecular
mechanisms by which primase-polymerase PRIMPOL facilitates
DNA replication through damaged DNA. To this aim, we applied
super-resolution microscopy techniques to the study of PRIMPOL,
in collaboration with the group of Dr E. Rothenberg (New York
University, NY, USA). Finally, we carried out a study with Dr E.
Lecona (CBM Severo Ochoa, Madrid, Spain) that showed how VCP/
p97 ATPase regulates the activity of POLa/primase to regulate
DNA replication and prevent the aberrant activation of checkpoint
kinase ATR, which could jeopardise genomic stability.

“We have characterised
new mechanisms that
regulate the activity of two
primase enzymes involved
in DNA replication, Pola/
primase and PRIMPOL, both
of which maintain genomic
stability in human cells.”
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RESEARCH HIGHLIGHTS

Identity and regulation of human DNA replication origins

Replication origins are characterised by the assembly of pre-
replicative complexes (pre-RCs) formed by AAA+ ATPase proteins
ORC, CDC6,CDT1, and MCM2-7. Following biochemical mapping
of ORC2 and MCM2 binding sites by CUT&RUN, we used dedicated
software to identify a consensus DNA motif that is present in a
large proportion of origins. This motif'is related to conserved Alu
sequences but haslost some of its characteristic elements. Notably,
integration of this motifinto origin-free genome regions is sufficient
to promote the assembly of ORC complexes, and we are currently
studying whether it is sufficient to drive origin activity.

At the onset of S phase, origins are activated by two canonical
kinases, CDK and DDK. In addition, it has recently been proposed
that AURKA, a kinase better known for its mitotic functions, also
plays arole in origin activation. We have designed a combination
of biochemical and single-molecule techniques to elucidate the
precise function of AURKA at origins.

Super-resolution microscopy analysis of DNA damage
tolerance proteins

In order to study the intracellular dynamics of PRIMPOL primase
in response to DNA replication stress, we used super-resolution
Stochastic Optical Reconstruction Microscopy (STORM) in
collaboration with Dr E. Rothenberg (NYU Medical School, NY,
USA). In this technique, different photoactivated states are captured
for each fluorescent molecule, generating images with much higher
resolution than conventional epifluorescence microscopy. Using an
EdU label to mark nascent DNA, we demonstrated that PRIMPOL

FIGURE1 PRIMPOL accumulation at and PRIMPOL foci in the nucleus of
replication forks upon replicative stress. U20S cells. (B) Percentage of EdU foci
(A) STORM microscopy image of EdU overlapping with PRIMPOL in the absence

protein accumulates at EAU foci when cells are challenged with
HU or other forms of stress (Figure 1). Setting up this technique
has been very valuable for our current studies of co-localisation
between PRIMPOL and other proteins such as RPA or WRN helicase.

Regulation of PRIMPOL activity through its interaction
with CMG

We have investigated how PRIMPOL protein is preferentially
directed to the leading strand of nascent DNA to perform re-priming
events as needed. This selectivity makes biological sense because the
lagging strand uses another enzyme, POLa/primase, to synthesise
short primers at regular intervals during discontinuous DNA
synthesis. Still, the mechanisms targeting PRIMPOL preferentially
to the leading strand were not understood. In a collaborative project
with Dr G. Chistol (Stanford University, CA, USA), we have identified
anovel interaction between PRIMPOL and MCM proteins, part
of the replicative CMG helicase. Notably, CMG moves in the 3’-5’
direction along the template of the leading strand, and its physical
interaction with PRIMPOL could explain the strand specificity
of the latter. To validate this hypothesis, we prepared mutants in
PRIMPOL protein that are fully functional in vitro but have lost the
capacity to interact with CMG and fail to re-initiate DNA synthesis
in cells undergoing replicative stress.

Regulation of Pola/primase activity by VCP/p97 ATPase

POLa/primase initiates DNA synthesis at each Okazaki fragment
(OF) during discontinuous DNA synthesis. The abundance and
stability of this enzyme determine the number of OFs, which should

or presence of replication stress induced
by hydroxyurea (HU). PRIMPOL KO cells
are shown as control.

FIGURE 2 VCP/p97 controls the levels
of Pola/primase to prevent excessive
priming and ATR activation. Schematic
of a replication fork during unperturbed

DNA synthesis, depicting the elimination
of excess Pola/primase from DNA by
VCP/p97. Full article: Rodriguez-Acebes
et al. (2025).

allow the coordination of DNA synthesis at both strands. POLa/
primase triggers the activation of basal levels of checkpoint kinases
ATR and Chkl1 that are necessary to regulate the replicative process.
However, their excessive activation completely arrests the cell cycle.
In collaboration with Dr E. Lecona (Centro de Biologia Molecular
Severo Ochoa, Madrid, Spain), we have found that cells use VCP/
p97 ATPase to restrict the amount of POLa/primase on chromatin
and the number of OFs (Figure 2). Indeed, inhibition of VCP/p97
hyperactivates ATR and leads to cell cycle arrest (Rodriguez-Acebes
etal.,2025). In thisregard, VCP/p97 small-molecule inhibitors are
being developed and tested as anticancer agents. W
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