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RESEARCH HIGHLIGHTS

DNA replication & repair - focus on mitochondria

Mitochondrial DNA (mtDNA) replication is essential for human 
health. Defects in the mtDNA replisome cause severe multisystemic 
mitochondrial disorders and are linked to neurodegeneration, 
including diverse forms of ataxia, Parkinson’s and Alzheimer’s 
diseases, as well as cancer. Yet the mechanisms that preserve 
mtDNA integrity by balancing replication, repair, degradation, 
and mitochondrial dynamics remain incompletely understood. 
We aim to decipher these pathways due to their central relevance 
to ageing and disease, particularly tumourigenesis.

Genome integrity - focus on telomeres

Telomeres protect chromosome ends through the activity of the 
shelterin complex, composed of TRF1, TRF2, RAP1, TIN2, TPP1, 
and POT1. Proper assembly and regulation of shelterin prevent 
degradation and aberrant DNA damage signalling. Despite its 
essential role in genome stability and its potential as an anti-cancer 
target, the architecture and mechanistic function of shelterin remain 
poorly defined. We seek to reveal its structural organisation and 
how its malfunction contributes to human disease.

Biochemistry, cryo-EM & protein design

By combining biochemical reconstitution, native purification of 
protein–DNA assemblies, and state-of-the-art cryo-EM, we visualise 
these molecular machines in distinct functional states and uncover 
the mechanisms underlying genome maintenance. In parallel, we 
are implementing emerging AI-based protein design technologies, 
such as minibinder design and de novo scaffold generation, to probe 
protein interactions, modulate pathological pathways, and lay the 
groundwork for innovative therapeutic strategies. Together, these 
approaches enable us to rationalise disease-associated mutations, 
understand their biological impact and guide the design of next-
generation cancer treatments. s

OVERVIEW

Safeguarding genetic information is essential to prevent malignant 
transformation. Two key cellular processes ensure genome stability: 
DNA replication and DNA repair. When these systems fail, genetic 
information can be damaged or lost, ultimately leading to disease. 
Deregulation and malfunction of the protein machinery that 
safeguards our genome are, therefore, hallmarks of cancer, yet 
the molecular mechanisms by which this occurs remain poorly 
understood.

Our Group investigates the molecular machines that maintain 
genome integrity, revealing when and how they malfunction in 
cancer. We use an integrative approach combining cryo-electron 
microscopy (cryo-EM), biochemistry, and AI-driven protein design 
technologies. This structural and mechanistic knowledge not 
only expands our understanding of fundamental biology but also 
provides the detailed blueprints needed to guide the development 
of next-generation cancer therapies.

“We study the structure and 
mechanism of genome-
maintenance machines using 
cryo-EM and biochemistry, 
now integrating AI-driven 
protein design to guide 
innovative strategies for 
cancer therapy.”

Rafael Fernández Leiro
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FIGURE  1 (A) Mitochondrial DNA 
replication machinery. (B) The shelterin 
complex protects and regulates 
enzymatic activities at telomeres. 
Several aspects of their regulation and 
the molecular mechanisms through 
which they exert their activities remain 
unknown. (C) Structure of PolG bound 
to DNA. (D) Schematic of our BinderFlow 
pipeline: 1. The user defines a hotspot 
on a surface of interest. 2. The target 
structure gets trimmed to increase 
computational efficiency. 3. RFD.
sh produces protein backbones of a 

specified length complementary in shape 
to the target. 4. align_filtering.py filters 
out suboptimal backbones that might be 
problematic for expression, such as long 
helices or isolated hairpins. 5. pMPNN.
sh assigns a sequence of amino acids to 
each backbone. 6. scoring.sh predicts 
the binder-target complex using AF2IG, 
collects the relevant AlphaFold2 scores 
and uses PyRosetta to measure a set of 
relevant parameters for interactions. 7. 
The process is monitored in real time 
using the BFmonitor.py web-based tool.
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