


Signalling
The process of cell signalling consists of several interconnected mechanisms that allow cells  
to communicate, co-ordinate and respond rapidly to change. By examining these signalling 
mechanisms and their interactions we seek to understand the effects of signalling on cell  
growth, survival and behaviour.

Our current focus is to discover the role that signalling has in helping cells to respond and  
adapt to damage, illness, dietary changes and ageing by investigating:

�„ How cells called neutrophils detect and respond to infections
�„ How changes in diet affect metabolism and growth
�„ The effect of signalling mechanisms on the rate of ageing
�„ The role of autophagy in recycling cell components following damage or starvation
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Dynamics of autophagy in animal cells

Nicholas Ktistakis

Group members

Senior postdoctoral 
researcher: 
Maria Manifava

Research assistants: 
Bonnie Man 
Peri Tate (Left 2019)

Visiting students: 
Qashif Ahmed 
Angela Braho  
Emilia Hubbard (Left in 2019) 
Katerinai Kafka (Left in 2019) 
Nikolaos Kontopoulos  
(Left in 2020) 
Theodora Maniati  
(Left in 2020) 
Felipe Renna 
Milene Ortiz Silva  
Filianna Tanti (Left in 2019) 
Charalampos Toramanidis

Visiting scientists: 
Luisa Giudici (Left in 2019) 
Varvara Kandia  

Autophagy is a conserved pathway 
among all eukaryotes that senses either 
nutrient levels or damaged organelles 
and proteins in the cytosol. In the case 
of starvation, autophagy generates 
nutrients from self-digestion whereas 
the presence of damaged proteins 
or organelles triggers autophagy to 
eliminates them via delivery to the 
lysosomes. Autophagy is mediated 
by double membrane vesicles termed 
autophagosomes that engulf either 
random cytoplasmic material for 
nutrient generation or speci�c cargo for 
elimination.

Current Aims
Our work aims to understand how 
autophagy is induced in mammalian 
cells, and the speci�c dynamics of the 
membrane re-arrangements required 
for the appearance of autophagosomes. 
Although we initially focused speci�cally 
on non-selective autophagy, we are 
now working on various pathways of 
selective autophagy, such as mitophagy 
(mitochondrial autophagy) and 
aggrephagy (autophagy of protein 
aggregates). In addition to work on 
tissue culture cells, we are now working 
on iPSC-derived neuronal cells trying to 
understand how autophagy modulates 
neurodegeneration.

Progress in 2019 and 2020 
We have modelled the process of 
autophagy and mitophagy using an 
extensive collection of live imaging data 
and discovered a possible explanation 
for why the process of mitophagy 
involves the sequential translocation 
of autophagy components to the 

Modelling of selective autophagy on large targets. A series of translocations of the autophagic machinery 
generates piece by piece formation of autophagic structures that eventually cover all the targeted area. Such a 
mechanism will generate oscillatory behaviours during live imaging.

targeted mitochondrion in an oscillatory 
fashion. Our proposal is that creating 
autophagosomes on large structures, 
such as a bacterium or a mitochondrion, 
requires piece by piece formation of 
pre-autophagosomal membranes that 
are ‘stitched’ together to cover the entire 
structure (shown in the �gure).

We are currently working on aspects 
of autophagy induction prior to the 
omegasome step, on mitochondrial 
autophagy in �broblasts from 
mitochondrial disease patients and on the 
characterisation of two novel autophagy 
inducers isolated in our lab.

�UDalle Pezze, P. et al. (2020). ATG174dynamics in nonselective autophagy and mitophagy: insights from live imaging studies and mathematical modeling. Autophagy 17(5):196l03141�U Kishi-Itakura, C. , Ktistak is, N. T. & Buss, F. (2020). Ultrastructural insights into pathogen clearance by autophagy. 
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Rahul Samant

Why misfolded proteins accumulate with age
Cellular accumulation of misfolded 
proteins is a hallmark of ageing. In 
young cells, the proteostasis network 
limits toxicity by activating one or 
more systems for misfolded protein 
clearance. We focus on how these 
clearance systems are integrated within 
the network to maintain proteome 
health during youth, and how loss 
of this integration contributes to 
cellular senescence, another ageing 
hallmark with strong links to chronic 
in�ammation and organismal frailty.

Current Aims
We use two evolutionarily distant cell 
types, budding yeast and primary human 
�broblasts, to identify common, conserved 
lines of communication between di�erent 
clearance systems of the proteostasis 
network, and investigate how these are re-
wired during replicative ageing (yeast) and 
senescence (mammals). Our lab employs 
multi-disciplinary approaches such as 
super-resolution imaging, �ow cytometry, 
and mass spectrometry-based proteomics 
to measure proteostasis capacity and 

www.babraham.ac.uk/our-research/signalling/rahul-samant
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Cell signalling through tyrosine phosphatases

Hayley Sharpe
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The reversible phosphorylation of 
protein tyrosine residues enables cells 
to dynamically respond to changes 
in their environment and is regulated 
by the antagonistic actions of kinases 
and phosphatases. We focus on 
the understudied phosphatases to 
understand how they signal, their roles 
in health and disease and how they 
are regulated, particularly by reactive 
oxygen species, which are implicated in 
the ageing process.

Current Aims
Our overarching aim is to understand 
mechanisms of tyrosine phosphatase 
signalling in order to understand their 

The adhesive receptor protein tyrosine phosphatase PTPRK is expressed in epithelial cells at sites of cell–cell 
contact. We have identi�ed key substrates linked to cell adhesion (left). Transmission electron microscopy images 
reveal that deleting PTPRK from mammary epithelial cells leads to disrupted cell junctions and adhesions, as well 
as decreased cell height, reminiscent of an epithelial to mesenchymal transition (right).

fundamental functions but also to reveal 
new approaches to targeting them in 
disease, to overcome their undruggable 
reputation. Our current work is focused on 
a family of receptor tyrosine phosphatases 
that are present on the cell surface and 
form homophilic interactions at points 
of cell–cell contact. The receptor PTPRK 
is a tumour suppressor and had been 
suggested to regulate cell adhesion. To 
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