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· Genomic and –omic technologies
· Proteomics
· From genes to clinic (target discovery, structural biology, medicinal chemistry)
· Application of genomics in the clinic (diagnostics and therapeutics)
Research Overview

A bioinformatics approach to study the cellular ubiquitin system in health & disease	
The Ubiquitin System is indispensable for a human cell as it controls several cellular functions including degradation, autophagy, DNA repair and cell proliferation. This control occurs through the conjugation of ubiquitin to proteins, which can influence multiple aspects of their functionality, such as their activity, localisation or half-life (turnover).
The ubiquitination of target proteins is complex, with the formation/removal of various poly-ubiquitin chain linkages being carried out by the conjugating enzymes (E1, E2 and E3) as well as by the erasers deubiquitinating enzymes (DUBs). The balance between ubiquitin conjugation and de-conjugation is crucial and well-regulated in cells. Many studies indicate that a dysfunction of this system could lead to numerous human diseases including cancer and neurodegenerative disorders. 
Global approaches to determine the molecular function of components of the ubiquitin system (E3 and DUBs) include deep proteome, ubiquitome and interactome based on mass spectrometry studies, which are applied in our laboratory. The cutting-edge of mass spectrometry technology as well as molecular tools give us the opportunity to gain unprecedented depth and novel molecular insights into these cellular processes. Nevertheless, the data analysis for such complex -omic studies is still challenging and merits the development of more advanced mining tools. Therefore, we are looking for a highly motivated individual with a keen interest in molecular/ cellular biology and experience in programming as well as bioinformatics to i) help in the development of an –omics data analysis workflow and ii) apply this to untangle complex cellular –omics (proteomics / transcriptomics / ubiquitomics) data sets.

Project areas: Genomics and –Omics technologies, proteomics, mass spectrometry, bioinformatics, ubiquitin system in cancer cells, protein turnover
Specific project proposals:
·  A bioinformatics approach to study the cellular ubiquitin system in health & disease
Please contact directly for further information: Benedikt Kessler
Emai: benedikt.kessler@ndm.ox.ac.uk
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Project proposal
Title: A bioinformatics approach to study the cellular ubiquitin system in health & disease
Supervisors: Dr Andreas Damianou, Dr Philip Charles, Prof Benedikt Kessler
Wet/dry lab mix (approx): 66% wet lab, 33% dry lab
Description:
The Ubiquitin System is indispensable for a human cell as it controls several cellular functions including degradation, autophagy, DNA repair and cell proliferation. This control occurs through the conjugation of ubiquitin to proteins, which can influence multiple aspects of their functionality, such as their activity, localisation or half-life (turnover).
The ubiquitination of target proteins is complex, with the formation/removal of various poly-ubiquitin chain linkages being carried out by the conjugating enzymes (E1, E2 and E3) as well as by the erasers deubiquitinating enzymes (DUBs). The balance between ubiquitin conjugation and de-conjugation is crucial and well-regulated in cells. Many studies indicate that a dysfunction of this system could lead to numerous human diseases including cancer and neurodegenerative disorders. 
Global approaches to determine the molecular function of components of the ubiquitin system (E3 and DUBs) include deep proteome, ubiquitome and interactome based on mass spectrometry studies, which are applied in our laboratory. The cutting-edge of mass spectrometry technology as well as molecular tools give us the opportunity to gain unprecedented depth and novel molecular insights into these cellular processes. Nevertheless, the data analysis for such complex -omic studies is still challenging and merits the development of more advanced mining tools. Therefore, we are looking for a highly motivated individual with a keen interest in molecular/ cellular biology and experience in programming as well as bioinformatics to i) help in the development of an –omics data analysis workflow and ii) apply this to untangle complex cellular –omics (proteomics / transcriptomics / ubiquitomics) data sets.

Training Opportunities:

· Introduction to background biology of the cellular ubiquitin system and its 	function in normal physiology as well as cancer and 	neurodegeneration
· Training on getting familiar with –omics data, such as transcriptomics, 	mass spectrometry derived data sets such as proteomics, 	metabolomics, but also ubiquitomics, interactomics data sets
· Introduction to bioinformatics tools to process –omics data, such as R 	(training courses) and more specialised –omics analysis software 	including Mascot, MaxQuant, Perseus, SAINT, Progenesis IQ, Proteomics Discoverer, PEAKS, MS Fragger, Fragpipe; possibilities to 	follow advanced courses on programming (Python, JavaScript, HTML, 	Elm etc).

Background reading / references:

· Interaction 	mapping of endoplasmic reticulum ubiquitin ligases identifies 	modulators of innate immune signalling. Fenech EJ, Lari F, Charles 	PD, Fischer R, Laétitia-Thézénas M, Bagola K, Paton AW, Paton JC, 	Gyrd-Hansen M, Kessler BM, Christianson JC. Elife. 2020 Jul 	2;9:e57306. doi: 10.7554/eLife.57306.
· Comprehensive 	Landscape of Active Deubiquitinating Enzymes Profiled by Advanced 	Chemoproteomics. Pinto-Fernández A, Davis S, Schofield AB, Scott 	HC, Zhang P, Salah E, Mathea S, Charles PD, Damianou A, Bond G, 	Fischer R, Kessler BM. Front Chem. 2019 Aug 29;7:592. doi: 	10.3389/fchem.2019.00592.	
· Molecular 	basis of USP7 inhibition by selective small-molecule inhibitors. 	Turnbull AP, Ioannidis S, Krajewski WW, Pinto-Fernandez A, Heride C, 	Martin ACL, Tonkin LM, Townsend EC, Buker SM, Lancia DR, Caravella 	JA, Toms AV, Charlton TM, Lahdenranta J, Wilker E, Follows BC, Evans 	NJ, Stead L, Alli C, Zarayskiy VV, Talbot AC, Buckmelter AJ, Wang M, 	McKinnon CL, Saab F, McGouran JF, Century H, Gersch M, Pittman MS, 	Marshall CG, Raynham TM, Simcox M, Stewart LMD, McLoughlin SB, 	Escobedo JA, Bair KW, Dinsmore CJ, Hammonds TR, Kim S, Urbé S, 	Clague MJ, Kessler BM, Komander D. Nature. 2017 Oct 	26;550(7677):481-486. doi: 10.1038/nature24451.
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1. Figure/Photo 	– Cellular Ubiquitin System
Figure 1: Cellular ubiquitin system – The turn-over of most proteins in cells are controlled by the attachment of ubiquitin, a small protein (black dots), to protein substrates. These are then recognised by the 26S proteasome complex for destruction into peptides and further degraded to amino acids (AAs). AAs are serving as building blocks for protein synthesis. The protein’s life cycle is perturbed in cancer and other human diseases, a trait that is the focus of this bioinformatics based research project.
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