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Resumen del proyecto (100-3000 palabras)
Cancer is one of the major public health challenges. Although new targeted
treatments are often initially effective, many types of cancers suffer from
frequent relapses and recurrent tumours are often highly aggressive and
rapidly metastasize to distant organs. All types of cancers employ the same
mechanism to enable cancer cells to move out of the compact primary tumour
mass and start metastasis: a process known as mesenchymal cell migration.
This process is initiated by cancer cells attaching to the surrounding
extracellular matrix in the tumour stroma which allows cells to pull themselves
towards neighbouring tissues they invade. There are currently no effective
treatment against aggressive and invasive tumours. In order to efficiently target
and inhibit such tumours the key processes they employ, such as
mesenchymal cell migration, have to be understood at atomic level.
In this project, the aim is to obtain detailed structural and mechanistic insights
on mechanisms that control mesenchymal cell migration. At the core of this
process is a protein complex known as focal adhesion complex. Focal
adhesions are large complexes that connect the extracellular matrix via
integrin receptors and the plasma membrane to the cellular actin cytoskeleton.
Two key proteins assemble at the cell inside on the plasma membrane: Focal
Adhesion Kinase (FAK) and the Src kinase. Once the cell attaches to the
extracellular matrix, they form an extended complex on the plasma membrane,
triggering the activation of focal adhesion signals that in tumours promote
invasion and metastasis. In this project we will investigate the structural
arrangement of FAK and Src on the plasma membrane at atomic level and
investigate how their assembly triggers their activation. Although many
important processes occur on membranes, high-resolution structural analysis
of membrane complexes is currently an important bottleneck in structural
biology. We recently devised a strategy to overcome this bottleneck and have
obtained an atomic resolution structure of FAK assembled on the membrane
(Acebron et al., 2020, EMBO J 39:e104743). We use state-of-the art
cryo-Electron Microscopy (EM) techniques in combination with precise
biochemical analysis that allows us to probe changes in activity and
interactions. For this study we need to generate highly purified FAK and Src
proteins and reconstitute the complex on a preformed lipid membrane.
Studying a complex of FAK and Src will allow us to obtain atomic details of
how they interact with each other and with the membrane and how this triggers
their activation causing cancer invasion. This project involves important
international collaboraitons. To study the dynamics of this complex at atomic
detail, we collaborate with Prof. Fauke Graeter (Heidelberg University,
Germany) to perform Molecular Dynamics simulations in silico. To test models
and mechanisms deduced from reconstitution experiments and simulations in
cancer cells we collaborate with Prof. Margarete Frame (Cancer UK Edinburgh
centre). A PhD student would be encouraged to spend several months in a
collaborating centre to participate in complementary aspects of the project.
Obtaining atomic structural information is a prerequisite to design chemical
compounds that can prevent the activation of these proteins. We collaborate
with chemists in the CIB (Nuria Campillo) and UAM (Ramón Gómez Arrayás)
to generate such compounds which can potentially be developed into new
cancer therapeutics that could provide the first effective treatment against
aggressive and metastasized caners.

