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PROJECT PROPOSAL 

BACKGROUND TO THE PROJECT  

Aberrant protein translation is a widespread characteristic of tumour cells and has been associated with 
many oncogenes and tumour suppressors (Roumeliotis et al., 2017). This convergence on the protein 
translation machinery is independent of the genetic make-up of the cancer. Therefore, therapeutic agents 
targeting the protein synthesis apparatus are potentially more robust to intra-tumoural heterogeneity and 
constitute a promising class of antitumor drugs. 

Elongation factor-2 (eEF2) is a conserved protein essential for protein biosynthesis. A single histidine 
residue in eEF2 (His-715 and His-699 in humans and yeast, respectively) is modified to form diphthamide 
(Uthman et al., 2013), the target of ADP-ribosylation by several bacterial and viral toxins. The diphthamide 
modification is involved in translocation of the ribosome along the mRNA (Namy et al., 2006). Diphthamide 
modified eEF2 controls the selective translation of Internal Ribosome Entry Site-dependent protein targets 
and is crucial for survival under oxidative stress conditions (Arguelles et al., 2014).  

Diphthamide is generated by seven DPH proteins; cells deficient in these enzymes lack diphthamide and 
are toxin-resistant. Mutation of diphthamide synthesis pathway has been associated with altered 
translational fidelity and leads to ribosomal -1 frameshifting in both yeast and mammals. Lack of 
diphthamide-eEF2 is associated with cancer and it also results in defects in mouse development 
(Schaffrath et al., 2014). Loss of diphthamide renders cells hypersensitive to TNF-mediated apoptosis, 
suggesting that diphthamide may have a role for in modulating NF-κB, death receptor, or apoptosis 
pathways. In yeast it leads to increased sensitivity to cytotoxic drugs. Collectively, these studies show the 
complexity of eEF2 regulation and role in diverse cellular processes. 

Over expression of eEF2 and its phosphorylated form has been reported in various types of cancer. 
Notably, eEF2 and its kinase are both modulated and modulators of the cell cycle and overexpression of 
eEF2 has been shown to promote G2/M transition.  Additionally, the eEF2 kinase which phosphorylates 
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and inactivates eEF2, has been suggested as a potential therapeutic target (Liu and Proud, 2016). As 
such, a better understanding of eEF2 function, regulation and activity could lead to the identification of 
novel cancer therapeutic avenues. 

PROJECT AIMS  

 Understand eEF2 regulation through identification of binding partners and characterisation of the 
spectrum of post translational modifications 

 Understand translational programs regulated by eEF2 and the diphthamide modification by identifying 
target proteins 

 Define translational aberrations caused by loss of eEF2 and diphthamide modification 

 Examine how protein biosynthesis is altered by eEF2 deregulation in hepatocellular carcinoma cancer 
cells using protein correlation network analysis  

RESEARCH PROPOSAL  

1. The PhD candidate will perform protein interaction studies on eEF2 in cancer cell lines by mass 
spectrometry-based approaches. This will be achieved through two complementary strategies: affinity 
purification and APEX2 proximity labelling, followed by mass spectrometry analysis. These two 
approaches used in parallel are useful in capturing temporal and spatial aspects of the interaction network 
landscape (Hesketh et al., 2017). Proximity labelling is particularly suited for identifying weak or transient 
interactions, which modulatory enzymes are often involved in, that might not survive traditional co-
purification approaches. The affinity purification is compatible with methods of chemical cross-linking. 
These experiments will yield structural and organisational information on eEF2 protein interactions. We 
anticipate that these experiments will identify regulators of eEF2 activity and other proteins involved in the 
regulation of translation. 

2. We have previously described the use of size fractionation to resolve protein complexes (Pardo et al., 
2017). Following affinity purification the complexes will be separated and analysed by mass spectrometry. 
In depth mass spectrometry data acquisition and analysis methods will be used to characterise the primary 
structure in detail. The cross-talk between post translational modifications will be explored. 

3. Based on data from interaction studies, selected proteins will be validated biochemically by reverse 
immunoprecipitation and/or functionally via RNA interference. Confirmed candidates will be characterised 
functionally in detail using dedicated assays. 

4. The candidate will characterise the consequences of loss of eEF2 on translational fidelity. We will use 
unnatural amino acid labelling with azidohomoalanine (AHA) that incorporates into newly synthesised 
proteins instead of methionine (McShane et al., 2016). AHA contains an azide group that enables capture 
of proteins via click chemistry, followed by mass spectrometry analysis. This analysis will enable the 
identification of proteins and/or pathways that might be modulated by eEF2 and DPH6. Furthermore, we 
will use a novel database search pipeline that has been developed recently by our group to describe the 
defects in translational fidelity caused by loss of eEF2 (Weisser and Choudhary, 2017). We will use protein 
correlation analysis to uncover functional relationships between cellular processes and/or protein 
complexes affected. We will also explore the existence of signals in the RNA sequence that might mediate 
the translational defects observed. 

5. Building upon work from the previous point, the candidate will perform AHA labelling in combination with 
chemical tagging-based protein quantification to characterise changes in translation fidelity that occur in 
response to diverse stimuli or different conditions, namely oxidative stress, treatment with cytotoxic drugs, 
malignant transformation, with a focus on programmed ribosomal frameshifting. We will use this data to 
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annotate the genome with examples of this phenomenon important for the regulation of cellular expression 
and hence regulation of cellular processes. 

This PhD will offer a broad range of training in state of the art proteomics mass spectrometry, molecular 
biology, cell biology, tissue culture, as well as relevant assays. Bioinformatics skills will also be gained as 
there is an important component of large scale data analysis. There will also be exposure to the protein 
structure field through interactions with Protein Structure groups. This will ensure that the PhD provides a 
highly multidisciplinary training. 
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First 
or 2:1) 

Pre-requisite qualifications of applicants: 

e.g. BSc or equivalent in specific subject area(s) 

Biology, Biochemistry or Chemistry  

Intended learning outcomes: 

 

Mass spectrometry 
Chemical Biology  
Molecular Cell Biology 
Cancer  
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Genomics  
Proteomics 
Data analysis 

 

 


