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SHORT ABSTRACT  

Large numbers of cancer mutations have been exposed through genomics; however, it remains unclear how most 
cancer genes function and exert influence on disease processes. Here we propose to develop a quantitative 
approach to map protein interactions on global scale at high throughput using cross-linking mass spectrometry (XL-
MS). The method will be used to chart the native protein interaction landscapes across cancer cell lines, generating 
structural information on protein topology and protein-protein interaction (PPI) surfaces. A deeper understanding 
of how somatic mutations affect protein structure, function and rewiring of cellular networks, will provide 
mechanistic insights and underpins new intervention strategies.  



  

BACKGROUND TO THE PROJECT  

Protein-protein interactions (PPIs) are fundamental molecular events that regulate cellular behaviour. These 
biophysical associations, mediated via stretches of amino acid sequences can be stable or transient and dynamically 
regulated by post translational modifications and protein topology. Changes in protein sequence, post-translational 
state and abundance are key attributes that modulate PPIs. PPI networks encapsulate information on cellular 
organisation and functional relationships. 

Cancer genomics has exposed a large repertoire of mutational events, however to better understand disease 
biology and identify therapeutic opportunities we need to assess context dependent functional consequences of 
mutations in a high-throughput and quantitative manner (Hoadley KA, 2018). Some driver mutations have been 
shown to alter protein structure and interactions leading to reorganisation of cohesive biological complexes that 
influence cellular behaviour. Our lab has been focused on developing mass spectrometry based methods to map 
native protein interactions (Pardo 2010, Bode 2016, Zhu 2019) and have applied these techniques to study disease 
associated genes (Purcell 2014, Lee 2020). Recently, we established approaches for global interactome analysis 
using co-fraction correlation analysis (Hillier 2017) and large-scale protein expression correlations (Roumeliotis 
2017). The later approach was used to construct a protein relationship network in colorectal cancer cell lines, 
revealing how prominent cancer driver mutations can lead to collateral effects on proteins they are associated with 
through cohesive PPIs. Applying protein correlation analysis on patient samples, we revealed that distinct molecular 
remodelling events underpinned clinical trajectories that could guide the selection of candidates as biomarkers for 
patient stratification or therapeutic intervention (Chen et al 2020). To extend the functional and structural 
characterisation of cancer driver mutations in a global and high throughput fashion we plan to develop a 
quantitative mass spectrometry method using chemical reagents; this will enable the differential mapping of protein 
interactions, in the cancer proteins networks.  

PROJECT AIMS  

 Establish quantitative global interactome analysis. 

 Chart the protein interactome landscape across cancer cell lines that encompass prominent somatic 
mutations.  

 Develop data analysis methods to identify changes in network properties. 

 Discover attributes for PPI using molecular modelling and bioinformatics. 

 Validate interactome changes and their functional consequences.  

RESEARCH PROPOSAL   

The hypothesis of this project is that the somatic mutations remodel protein topology and binding interfaces, either 
directly through sequence changes or indirectly through regulatory changes, thereby altering their physical protein 
interactions that lead to a rewiring of functional modules in context specific cellular networks, which consequently 
shapes disease trajectories.  

To address this, we will develop a quantitative methods using advanced mass spectrometry and bioinformatics 
analysis. The characterization of protein interaction on a large scale, will be applied to chart native protein interaction 
networks in a panel of cancer cells. These protein attributes will be used to delineate molecular relationships. 

 
Key Aims are 

1. Establish quantitative global interactome analysis  



  

Protein immunoprecipitation in combination with mass spectrometry (IP-MS) is a powerful approach to identify 
endogenous protein interactions (Huttlin et al, 2017). However, IP-MS is limited to the study of interactions around 
predefined target proteins with available efficient antibodies, does not provide topological information and is not 
suitable for high throughput global characterization of protein interactions. As an alternative approach, protein 
crosslinking (XL) using bifunctional chemical reagents that stabilize proximal protein interfaces followed by proteolytic 
cleavage and MS identification which has the potential to map protein interactions in a global and high throughput 
fashion with some degree of structural resolution (Yu & Huang, 2018), has been successfully applied to study isolated 
protein complexes (Kao et al, 2011) or whole native cell lysates (Liu et al, 2015). However, technical challenges 
including enrichment efficiency of crosslinked peptides and the ability to confidently identify them has hindered the 
achievement of its full potential.  
 
To establish a robust and high coverage quantitative method all aspects of the workflow will be considered; 
crosslinkers will be evaluated, different enrichment approaches, including liquid chromatography and click 
chemistry, followed by optimisation of sensitivity and specificity of mass spectrometry at both data capture and 
analysis will be explored. In addition, to characterise protein interaction changes and dynamics in cancer cells, we 
will establish high precision quantitation of the interaction pairs using peptide quantitation (Burke et al, 2015). 
Together these developments will generate a workflow providing quantitative interactome at high coverage with 
low FDR that can be deployed at high throughput.     
 

2. Apply quantitative global interactome in cancer cell lines 

The developed quantitative methods will be applied in a panel of cancer cell lines representing diverse human cancer 
subtypes for which whole genome and exome sequencing have detailed the somatic mutation status.. Moreover, 
molecular data including RNA sequencing and Proteomics (generated by our group) are available. Genetic screens, 
cellular and drug response data have also been systematically collected providing deep characterisation. 

The aim is to better understand the effect of mutations on protein interactions landscape at baseline conditions, 
and with specific perturbations such as irradiation included to assess dynamic features. Quantitative PPI 
measurements will enable comparative analysis of the interactomes between conditions and cell lines. 
 

3. Interaction Network assembly and analysis. 

The data in AIM2 will be used to generate de novo interactome networks. These will be annotated using public 
experimental data to discriminate known and novel interactions. Data analysis methods will be developed to 
characterize the global interactome and detect stable or state dependent PPIs. The acquired data will be integrated 
with published data (Roumeliotis 2017) to validate correlations of novel protein interactions and specific findings 
will be validated in AIM5.  

4. Discover structural attributes for PPI using molecular modelling and bioinformatics. 

Mass spectrometry is a powerful technology capable of yielding structural insights on native cellular protein 
topology on a global scale and interaction interfaces at amino acid resolution. Data generated, will be compared 
with model protein structures from structural databases (Tunyasuvunakool 2021).  
 

5. Validate PPIs and their functional consequences.  
The method will be transferable with minor modifications to other cellular contexts such as CRISPR-cas9 gene 
deletions or cellular systems such as organoids (and if possible Patient Derived Xenografts (PDX)) providing additional 
validation. Selected findings will be followed up using alternative approaches for interaction mapping such as co-



  

immunoprecipitation or binary reporter assays. Further follow-up could include in vivo imaging and functional assays 
depending on the exact interaction pairs.       

 
Overall, with this project we aim to provide a differential interaction map across a panel of cancer cells at structural 
resolution. 
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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: 
 

BSc or equivalent in Biological sciences or Chemistry 

Intended learning outcomes: 
 

 Quantitative large scale protein analysis 

 Preparative liquid chromatography 

 Advanced tandem mass spectrometry 

 Quantitative statistical data analysis and visualization  

 Analysis of genomic mutation data in cancer 

 Protein structure modelling and bioinformatics 
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in: 
 

 Biological Sciences 

 Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 



  

 Computer Science 

 Other (provide details) 

Keywords: 
 

1. Protein interactions 

2. Mass spectrometry proteomics 

3. Cancer cell profiling 

 


