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“We uncovered a nutrient-
sensitive mechanism 
whereby the WAC protein 
interacts with mTOR and 
the TELO2–TTI1–TTI2 
chaperone complex to link 
glucose and glutamine 
availability to mTORC1 
activation.”

OVERVIEW

Our research aims to visualise the three-dimensional architecture 
of large macromolecular complexes that play critical roles in 
cancer biology using cryo-electron microscopy (cryo-EM). By 
integrating structural insights with molecular biology, cell biology, 
and biochemistry, we reveal how these complexes function and 
drive cancer-related pathways. Current efforts focus on two 
areas: chaperones that activate assemblies such as mTORC1—a 
key regulator of cell growth and metabolism—and the study of 
DNA repair and genome stability complexes, which safeguard 
genetic integrity and whose malfunction underlies tumour 
development. In collaboration with other groups, we also explore 
the mechanisms of microtubule nucleation that orchestrate mitotic 
spindle assembly during cell division, a process fundamental to 
both normal proliferation and oncogenesis. Our ultimate goal is 
to generate mechanistic knowledge and a deeper understanding 
of biological processes relevant to cancer biology.
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RESEARCH HIGHLIGHTS

The R2TP and TTT chaperone complexes are essential for the 
assembly and regulation of mTORC1 (mechanistic target of 
rapamycin complex 1), a key macromolecular complex that governs 
cell growth. mTORC1 integrates signals from nutrients, growth 
factors, and energy status. Its core kinase, mTOR, belongs to the 
PIKK family and requires a highly orchestrated folding and assembly 
process before becoming functional—a process that depends on 
specialised chaperones rather than occurring spontaneously.

The TTT complex, composed of TELO2, TTI1, and TTI2, facilitates 
the co-translational folding of mTOR into its native conformation. 
Once folded, mTOR is handed over to the R2TP complex, which, 
together with HSP90, assembles mature mTORC1 by incorporating 
subunits such as Raptor and mLST8 and promoting dimerization. 
Dysregulation of mTORC1 is a hallmark of many cancers. Targeting 
the HSP90–R2TP–TTT axis could disrupt mTORC1 assembly and 
represents a potential alternative therapeutic strategy. However, 
the molecular details of how these chaperones regulate and activate 
mTORC1 remain incomplete.

In 2025, we advanced the mechanistic and structural understanding 
of R2TP and TTT organisation and their role in mTORC1 regulation. 
First, we demonstrated that the WAC protein directly interacts with 
components of TTT, R2TP, and mTORC1, and that these interactions 
are modulated by glucose and glutamine availability, correlating 
with changes in mTORC1 activity (Cabezudo et al., 2025). Under 
nutrient starvation, WAC and TELO2 strongly associate with mTOR, 
correlating with mTORC1 downregulation. Furthermore, pan-
cancer proteomic analyses revealed correlated expression of WAC, 
R2TP–TTT chaperones, and mTORC1 across multiple tumour types. 
Collectively, our findings identify WAC as a nutrient-responsive 
regulator of mTORC1 activity through its collaboration with R2TP 
and TTT (Figure 1). This work was performed in collaboration with 
the groups of Solip Park and Alejo Efeyan at CNIO.

Additionally, we used cryo-EM to characterise the structure of the 
R2T cochaperone (Palacios-Abella, López-Perrote et al., 2025). 
R2T belongs to the R2TP-like family of chaperones—a group of 
complexes that share some components but differ in others, and 
whose roles remain poorly understood. Our structural analysis 
reveals that R2T exhibits a distinct molecular architecture and 
functional mechanism compared with the canonical R2TP. s
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FIGURE 1 Model for how WAC regulates 
mTORC1 activity. WAC directly interacts 
with components of the TELO2–TTI1–TTI2 
complex and mTORC1 under glucose and 

glutamine deficiency; these interactions 
correlate with changes in mTORC1 
activity.
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