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Introduction:

The comprehensive characterization of proteins and their diverse proteoforms is crucial for advancing our understanding of biological systems and developing new therapeutic strategies. Current proteomics approaches often fall short in providing the depth and precision required for resolving complex proteoform mixtures and accurately identifying post-translational modifications (PTMs). This project aims to develop and apply innovative mass spectrometry (MS) techniques, specifically leveraging MS/2DMS methodologies, to overcome these limitations and achieve deep-sequencing of proteins and comprehensive proteoform analysis. We will build upon the foundational work of Floris, Wootton, and O’Connor in advanced MS to create transformative technologies in proteomics.

Project Description:
This PhD project will focus on developing and implementing novel MS-based strategies for in-depth protein and proteoform characterization. The central hypothesis is that by combining advanced fragmentation techniques with two-dimensional mass spectrometry (2DMS), we can significantly improve the sequence coverage, PTM identification, and overall confidence in proteoform assignments. This will be achieved through the following programme.

	Method Development for Enhanced Fragmentation: Investigating and optimizing various fragmentation methods, including collision-induced dissociation (CID), electron-based dissociation (ExD), and ultraviolet photodissociation (UVPD), to maximize sequence coverage and PTM-specific fragmentation. The student will explore novel fragmentation strategies to overcome limitations associated with traditional approaches, particularly for large proteins and proteins with complex PTMs. This will involve coupling different separation techniques, such as reversed-phase chromatography, ion mobility spectrometry, or capillary electrophoresis, with high-resolution MS to enhance the resolution and sensitivity of proteoform analysis.

	Implementation of 2DMS data analysis Workflows: Developing and implementing 2DMS workflows to separate and analyse complex peptide and proteoform mixtures. This will involve calibration, normalisation of datasets, use of exceptional data analysis algorithms for isotopic distribution alignment, charge state determination, and matching the resulting fragment information onto the known protein sequences.  These algorithms will need to be adapted to the 3-dimensional data provided by 2DMS experiments.  

	Application to Complex Biological Samples: Applying the developed MS/2DMS methods to analyse whole proteins within complex biological samples, such as cell lysates, tissue extracts, and biofluids. The student will work on identifying and quantifying proteoforms that are relevant to specific biological processes or disease states, with a focus on PTMs that regulate protein function and signaling pathways.

Expected Outcomes and Impact:
This project is expected to generate:
Novel MS/2DMS methods for deep-sequencing of proteins and comprehensive proteoform analysis.
Improved sequence coverage and PTM identification rates in complex proteomic samples.
	A deeper understanding of proteoform diversity and its role in biological processes and disease.
	Publications in high-impact journals and presentations at international conferences.

The successful completion of this project will have a significant impact on the field of proteomics by providing new tools and strategies for characterizing the complexity of the proteome. The developed methods will be applicable to a wide range of biological and biomedical research areas, including drug discovery, personalized medicine, and biomarker development.

Training and Supervision:
The PhD student will receive comprehensive training in all aspects of the project, including MS instrumentation, sample preparation, data analysis, and scientific writing. The student will be supervised by experts in the field of proteomics and mass spectrometry and will have access to state-of-the-art facilities. The student will also have the opportunity to collaborate with researchers from other disciplines, such as biology, chemistry, and medicine.
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