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OVERVIEW

All cells need to adjust their growth rate and metabolism to
the availability of resources in their environment. To do so,
evolutionarily conserved multi-component protein complexes
detect and transduce extra- and intracellular information to
specific protein effectors. Proper coordination and function of
these complexes are essential for health, as defects have been
associated with cancer, metabolic diseases and ageing,.

Using state-of-the-art cryo-electron microscopy, biochemistry and
cell biology, our Group investigates the molecular mechanisms by
which specific nutrients, growth factors, and other signals regulate
cell growth and metabolism. By understanding how the involved
protein complexes work, we aim to characterise the molecular
basis of basic cell biology pathways and help in the development
of novel and improved therapeutic strategies for the prevention
and treatment of different types of cancer and associated diseases.

“Recent work has revealed
how cells can rapidly ‘sense’
the availability of amino acids
and how the perturbation of
plasma membrane tension
impacts cell signalling.”

RESEARCH HIGHLIGHTS

We are interested in understanding the molecular details of cellular
adaptation to the environment. Currently, our work is divided into
two main research areas:

Lysosomal nutrient-sensing complexes

Nutrients regulate cell growth primarily via a highly conserved
pathway converging on the mechanistic Target of Rapamycin
Complex 1 (mTORCI). In response to amino acids, mTORCI1 is
activated on the lysosomal membrane, where it can phosphorylate
distinct substrates located in different parts of the cell. Several
complexes couple the nutrient status of the cell with growth by
regulating mTORCI activity; however, the molecular mechanisms
by which they achieve this task are not completely understood. We
are interested in understanding the molecular details underpinning
this regulation.

FIGURE 1 Structure of endogenous
TORC2. (A) High-resolution cryo-EM
map. (B) Model of TORC2 activation.

Cellular response to starvation and stress

In the absence of nutrients, cells must downregulate processes
that stimulate cell growth and promote those that serve to recycle
macromolecules. In addition, when encountering other stressful
environments, cells have to upregulate protective mechanisms to
survive. Crucially, these responses involve the precise coordination
among different organelles and protein complexes. Nevertheless, the
structural and functional interplay between complexes from different
organelles, and their regulation by nutritional and environmental
cues, is not well understood. We want to understand how these
complexes interact, spatially and temporally, to organise the cellular
response to starvation and stress in the short and long term.

Forboth of these areas, we are developing new protocols to obtain
intact multi-subunit megacomplexes for their study using cryo-EM,
with further insights gained via complementary techniques in cell
biology, biochemistry and mass spectrometry. H
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