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OVERVIEW
DNA replication is an essential feature of life but it entails
molecular risks ranging from the introduction of mutations
to the generation of breaks and chromosomal re-arrangements
that promote tumorigenesis. “ Replicative stress ”, defined as
the temporary difficulty of replisome proteins to make a copy
of the original DNA, is exacerbated by environmental agents
that modify the DNA chemical structure, including UV light,
ionising radiation, chemicals in tobacco, and other pollutants.
The efficacy of cisplatin, mitomycin C, and other chemotherapy
drugs actually relies on the extensive introduction of DNA
lesions that cannot be replicated or repaired. In recent years
we have focused on the cellular responses to DNA lesions
induced by chemotherapy, such as intra-strand and interstrand crosslinks. In 2021 we continued to investigate the
fundamental mechanisms that govern DNA replication in
normal and cancer cells, and completed 2 studies about the
“ re-priming ” mechanism activated in response to many DNA
lesions.
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“ We have identified the function of
PrimPol and RPA proteins in the
replicative tolerance and repair of
DNA inter-strand crosslinks.”
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RESEARCH HIGHLIGHTS
Replicative tolerance mediated by repriming of DNA
synthesis
Replicative DNA polymerases and their associated factors
( the “ replisome ”) are challenged by different obstacles
including G-quadruplexes, stable DNA-RNA hybrids ( R-loops )
and DNA alterations caused by endogenous and exogenous
agents. In response, cells activate “ replicative tolerance ” or
“ DNA damage tolerance ” ( DDT ) mechanisms that facilitate
DNA synthesis through these hard-to-replicate structures.
Classical DDT responses include error-prone polymerases
capable of trans-lesion synthesis and the recombinationrelated “ template-switch ” mechanism. In recent years, our
Group has focused on another DDT pathway that involves the
bypass of the lesion/obstacle by re-initiating DNA synthesis
from a downstream point. At the molecular level, re-initiation
strictly depends on repriming, i.e., the synthesis of new primer
molecules by PrimPol, the second primase encoded by the
human genome. Through our own studies, and in collaboration
with other groups, we have reported that PrimPol-dependent
repriming is responsible for the bypass of UV-generated photoadducts ( Mourón et al., Nat Struct Mol Biol 2013 ), cisplatininduced intra-strand crosslinks ( Quinet et al., Mol Cell 2020 ),
and bulky DNA adducts induced by benzopyrenes ( Piberger
et al., Nat Commun 2020 ). In 2021 we completed a new study
showing that PrimPol-mediated repriming plays a key role
in the tolerance and subsequent repair of inter-strand
crosslinks ( ICLs ). We also gained new insights into the
biochemical characteristics of the primase reaction mediated
by PrimPol.
Repriming at DNA inter-strand crosslinks
Previous studies about the repriming mechanism had focused
on DNA obstacles and lesions affecting one of the 2 DNA
strands. In our most recent study ( Gonzalez-Acosta et al.,
2021 ) we describe a new function for PrimPol at ICLs, in which
both strands of the double helix are covalently linked. ICL
repair is coupled to DNA replication and involves a large group
of proteins called the Fanconi Anaemia ( FA ) pathway, because
their inactivation causes this severe disease : FA patients suffer
from bone marrow failure and are predisposed to leukaemia
and other tumours.

controversial because the crosslink prevents DNA unwinding.
We have now reported that fork traverse is mediated by
PrimPol-mediated repriming, acting in cooperation with
ssDNA binding protein RPA and the FANCM translocase
complex. The structure generated around the ICL by the
repriming mechanism is similar to the structure generated
by the convergence of 2 forks, and also triggers the recruitment
of ICL repair factors. The choice between fork traverse or
convergence mechanisms depends on the availability of
dormant replication origins in the vicinity of each ICL. The
replicative pathways leading to the initiation of ICL repair
are summarised in FIGURE 1.
Because PrimPol counteracts the cytotoxic effect of DNA
crosslinks, its inactivation might enhance the effect of cisplatin
in chemotherapy. We continue to screen for PrimPol small
molecule inhibitors in collaboration with the CNIO
Experimental Therapeutics Programme.
An amino acid motif in PrimPol essential for its primase
activity
We are also interested in structure-function studies of PrimPol,
in a collaborative effort with L. Blanco’s group ( Centro de
Biología Molecular “ Severo Ochoa ”, Madrid ). In 2021 we
completed a study showing that Trp87 and Tyr90, 2 invariant
amino acids within conserved motif WYFF, are required to
stabilise the incoming nucleotides at the active site.
Consequently, PrimPol mutant versions W87G and Y90D
display deficient primase activity in vitro and repriming activity
in vivo ( Calvo et al., 2021 ).

FIGURE 1 PrimPol-mediated ICL
traverse and fork convergence
mechanisms to initiate ICL repair.
See text for details. Adapted from
González-Acosta et al. ( 2021 ).

Other projects in the DNA Replication Group
Besides the topics described above, our Group is pursuing
other lines of research : ( i ) the study of replication origins in
human cells through genome-wide SNS-Seq and CUT&RUN
techniques ; ( ii ) the analysis of replicative dynamics in
embryonic stem cells with different levels of pluripotency ;
and ( iii ) the identification of genes that restrict DNA overreplication in the event of aberrant reactivation of replication
origins. s
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Until recently, ICLs were considered absolute blocks for
replication proteins, and the signal to initiate their repair was
believed to rely on the convergence of 2 replication forks
coming from both sides of the lesion. In 2013, M. Seidman’s
group ( NIH, Bethesda, MD, USA ) identified individual forks
that managed to “ traverse ” ICLs, a finding that was
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