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The East Midlands Proteomics Workshop (http://www.empw.co.uk) works towards creating a network of 
investigators active in the proteomics area. We aim to enhance awareness of facilities available in the Midlands, 
share knowledge about proteomics technologies, highlight examples of proteomics research and provide a forum 
to expand research interactions. The meeting will focus on how proteomics-based approaches are being used in 
biological and medical research. Keynote presentations will be given by invited speakers describing the latest 
advances. The Workshop is supported by the British Society for Proteome Research (http://www.bspr.org/) and the 
British Mass Spectrometry Society (http://www.bmss.org.uk/). 
 

Location 
The Panorama Room, Rootes Building, University of Warwick, Coventry, CV4 7AL 
For travel directions and maps see 
http://www.empw.co.uk/location and http://www2.warwick.ac.uk/about/visiting/ 
 

Parking 
Car parks are marked on the campus map. Charges apply 6am-6pm (£3.50 full day). 
Car park 7 is the closest to the conference venue. Note that parking is busy.  
 

Train 
Coventry train station is 4 miles from campus and has regular buses to campus. 
Take the National Express Coventry 11 or 12 bus from the Warwick Road (follow signs from the station), 
or Travel De Courcey W1 from the station concourse (Mon-Fri 9.10, then hourly until 18.10). 
Both Canley and Tile Hill stations are closer to campus (~2 miles), no bus is available from these stations. 
 

Registration 
Registration opens at 8:30 am in the Panorama Room on the first floor of the Rootes building. 
 

Posters 
There will be a display of posters at the back of the Panorama Room. 
Presenting authors are asked to attend their posters between 13:00 and 14:00. 
 

Trade Exhibition and Great Exhibition Prize Draw! 
There will be a trade exhibition by sponsoring companies. Please visit the trade exhibition at the coffee and lunch 
breaks, take along the prize draw form received at registration to have it marked by the sponsors. 
Prize Draw: There is a £50 cash prize for the first completed form picked at random at the end of the meeting.  
The winner must be present to collect the prize. 
 

The organisers wish to thank the following companies for their generous sponsorship: 
 

AB SCIEX 
Bruker UK 

LI-COR 
Peak Scientific 

Thermo Scientific 
Waters 

VWR 
ATG Scientific 

 
We also thank Dr Ian Hancox, University of Warwick and Dr Susan Slade (now of Waters Ltd) for their excellent 
help in organizing the workshop. 
 

Organising Committee 

Dr Alex Jones, Chair EMPW2015, University of Warwick 
Dr Andrew Bottrill, University of Leicester 
Dr David Boocock, Nottingham Trent University 
Ms Clare Coveney, Nottingham Trent University 
Dr Debbie Cunningham, University of Birmingham 
Dr Don Jones, University of Leicester 
Dr Rob Layfield, University of Nottingham 
Dr Susan Liddell, University of Nottingham 
Dr Sharad Mistry, University of Leicester 
Prof Andrew Pitt, Aston University 

  



14th East Midlands Proteomics Workshop 
Wednesday 18 th November 2015, University of Warwick 

8:30 - 9:30 Registration 

Session 1 :   Chair: David Boocock 

9:30 Welcome: Tim Jones  Pro-VC Science, Engineering & Medicine, University of Warwick 

9.35 Proteomics at Warwick 
Alex Jones  

9:45 Keynote presentation  
Early detection biomarkers for ovarian cancer 
Bobby Graham  University of Manchester 

10:15 Short talk  
Investigating the oxidation of N-terminal cysteine in the plant N-end rule pathway  
Daniel Rooney University of Nottingham 

10:35 Analysis of Intact Proteins using the Orbitrap Mass Analyser 
Jenny Ho  Thermo Fisher Scientific, GOLD SPONSORS OF EMPW2015 

10:55 Coffee / Tea / Exhibition 

Session 2 :   Chair: Debbie Cunningham 
11:30 Invited local talk  

Proteomic/transcriptomic characterisation of a prostate cancer cell line model of 
spontaneous EMT 
David Boocock  Nottingham Trent University 

12:00 Short talk  
2D FT-ICR MS of calmodulin: a top-down and bottom-up approach 

  Federico Floris University of Warwick 

12:20   Short talk  
Studying next-generation anti-cancer compound mechanisms of action by ultra-high resolution 
Mass Spectrometry – from peptides, proteins, and DNA up to proteome-wide characterisation 
Christopher Wooton  University of Warwick 

12:40 - 14:15  Lunch / Exhibition 
13:00 - 14:00  Poster Session 

Session 3 :   Chair: Rob Layfield 

14:15 Keynote presentation  
Palaeoproteomics: when archaeology meets mass spectrometry 
Jane Thomas-Oates  University of York 

14:55 Short talk  
Molecular clock of amyloid proteins: from dimerization to deamidation 

  Yuko Lam  University of Warwick 

15.15 Coffee / Tea / Exhibition 

Session 4 :   Chair: Alex Jones 
15:40 Invited local talk  

Proteomic profiling of in vitro actomyosin ring constriction 
Saravanan Palani Warwick Medical School 

16:00 Invited local talk  
Now for something slightly different: metabolomics in the 21st century 
Warwick Dunn  University of Birmingham 

16:30 Announcement of prizes 

16:40 Close of meeting   



14th EMPW : Oral Presentation Abstracts  

 
Early detection biomarkers for ovarian cancer 

Bobby Graham 

Faculty of Medical and Human Sciences, University of Manchester 

There are many issue within the field of biomarker discovery, we will focus on our experience of working with 
clinical serum samples from biobanks. We will present a recent study we carried out on the identification of 
early detection ovarian cancer (OC) biomarkers. OC has the highest mortality of all gynaecological cancers. 
Early diagnosis offers an approach to achieving better outcomes for patients.  
We conducted a blinded-evaluation of prospectively collected preclinical serum from participants in the 
multimodal group of the United Kingdom Collaborative Trial of Ovarian Cancer Screening. Using isobaric 
tags (iTRAQ) we identified proteins differentially expressed between OC cases and controls. A second 
targeted mass spectrometry analysis of twenty of these candidates using SWATH identified Protein D005 as 
a potential early detection biomarker for OC.  This was further validated by ELISA analysis in 482 serial 
serum samples, from 80 individuals, 49 OC cases and 31 controls, spanning up to 7 years prior to diagnosis.  
Our work demonstrated that D005 is a novel independent early detection biomarker for Type I and Type II 
ovarian cancer; which can discriminate between both types. D005 also adds to CA125 and potentially the 
risk of ovarian Cancer algorithm in the detection of both subtypes. 

 
 

Investigating the oxidation of N-terminal cysteine in the plant N-end rule pathway 

Daniel J. Rooney 1, S Liddell2, NJ Oldham2 and MJ Holdsworth1 
1School of Biosciences and 2School of Chemistry, University of Nottingham 

Plant protein substrates of the proteolytic N-end rule pathway bearing an N-terminal cysteine can ‘sense’ 
both oxygen and nitric oxide (NO). Hypoxia (low O2) and/or the absence of NO cause stabilization of these 
substrates, preventing oxidation of the N-terminal cysteine, essential in enabling ubiquitin tagging and 
subsequent 26S proteasome degradation. However, the interaction of NO, O2 and any interacting enzymes 
has not been characterised at the cellular level in plants and their individual contribution in oxidising N-
terminal-Cys substrates has yet to be characterised. It is important to clarify the mechanism of cysteine 
oxidation of N-end rule substrates, revealing the stages and specific O2/NO conditions required. This work 
presents an in vivo and in vitro mass spectrometric approach, aiming to identify the oxidative chemistry 
determining the stability of N-terminal cysteine substrates of the plant N-end rule pathway. An artificial N-
terminal cysteine reporter protein expressed in an Arabidopsis E3 ligase mutant (prt6) has been identified by 
LC-MS/MS, with work ongoing to identify the N-terminal cysteine oxidation state. Complementing this work a 
synthetic peptide, with the same N-terminal sequence as the reporter protein is used, revealing the oxidation 
kinetics of N-terminal cysteine when exposed to hydrogen peroxide (H2O2) and NO using ESI-MS/MS. 

 
 

Analysis of intact proteins using the Orbitrap mass  analyser 

Jenny Ho 

Thermo Fisher Scientific 

Top-down analysis allows the measurement of intact protein masses and provides information on post-
translational modifications, proteoforms as well as the protein sequence via fragmentation of the intact 
proteins in the mass spectrometer. In this work, we present top down analysis demonstrating high sequence 
coverage of intact proteins on the Thermo Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ mass 
spectrometer, equipped with a high capacity ETD HD fragmentation mode and benefitting from improved 
transmission of ions into the Orbitrap analyzer afforded by Advanced Vacuum Technology. 

 
  



Proteomic/transcriptomic characterisation of a pros tate cancer cell line model of spontaneous EMT 

Jayakumar Vadakekolathu1, Clare Coveney1, Naomi Dunning-Foreman1, Sarah Wagner1, 
Matthew Nicklin1, Robert Rees1, Alan G Pockley1, Graham R Ball1, 

Sibylle Heidelberger2, Nick Morrice2 and David J Boocock 1 
1Nottingham Trent University, Nottingham, 2SCIEX, Warrington, UK 

Introduction and Objectives  Several well characterised clonal progenies of OPCT1 prostate cancer cell 
line, having varying EMT potential, have been generated. Utilising High Resolution Accurate Mass MS and 
data independent acquisition (SWATH™) along with gene expression microarray we have studied global 
transcriptional/proteome changes. The major objective being to understand the molecular mechanisms 
governing this non TGFβ/TF induced phenomenon and further cross-compare with induced systems to 
identify novel and overlapping pathways. 
Methods  Secreted proteins and whole cell lysate from five clonal progenies of OPCT1 (two highly epithelial 
and three highly mesenchymal) were prepared. Following tryptic digestion, samples were analysed using a 
SCIEX 6600 TripleTof instrument using SWATH™/OneOmics. mRNA isolations of the same cell-lines 
prepared and labelled cRNA hybridised onto Affymetrix human-U133 arrays. Correlations of differentially 
expressed genes/proteins were assessed and investigated using iPathwayGuide software and DAVID 
functional enrichment tool. 
Results and Discussion  822 secreted proteins of OPCT1 parental, epithelial and mesenchymal clones 
(n=10) were quantified by SWATH™. 43 were significantly down-regulated and 38 up-regulated in the 
mesenchymal clone on the basis of a 0.7 log fold-change and p<0.05. Similarly, 1697 proteins were 
quantified in the whole cell lysates of the OPCT-1 parental and clonal progenies, of which 360 were 
significantly differentially expressed (85% confidence, MLR weight 0.15). Pathway enrichment analysis 
revealed proteins involved in focal adhesion, ECM interaction, cytoskeletal remodelling, TGF-β and p53 
pathway are significantly enriched amongst other unreported ones. Gene expression analysis identified 700 
differentially regulated genes (pcorr≤0.01, Fold-change ≥3.0, n=3). 
Conclusion  A model for the investigation of EMT in human prostate cancer was established and revealed 
heterogeneity in EMT events among distinct clonally derived populations of prostate cancer cells. 
Gene/protein expression studies identified the overall molecular changes in the model to understand EMT in 
a non-TGF-β/TF induced system. Several other unreported molecular events were also identified. Secretome 
profiling of epithelial/mesenchymal progenies identified differential secretory profiles. 

 
 

2D FT-ICR MS of calmodulin: a top-down and bottom-u p approach 

Federico Floris,  M van Agthoven1, L Chiron2, A Soulby1, CA Wootton1, 
MP Barrow1, M-A Delsuc2,3, PB O'Connor1 

1University of Warwick, Coventry, 2C4SC4DE, Illkirch-Graffenstaden, France, 
3IGBMC, Illkirch-Graffenstaden, France 

Two-dimensional Fourier Transform Ion cyclotron Resonance Mass Spectrometry (2D FT-ICR MS) allows 
the correlation of fragment ions to their precursors through the modulation of precursor ion cyclotron radii 
prior to fragmentation. Previous works showed how the implementation of 2D FT-ICR MS with IRMPD and 
ECD turned this method in a useful analytical tool. In this work, IRMPD/ECD tandem mass spectrometry of 
Calmodulin (CaM) has been performed both in one-dimensional and two-dimensional FT-ICR MS using a 
top-down and bottom-up approach. 2D IRMPD/ECD FT-ICR MS is used to achieve the highest inter-residue 
bonds cleavage and assignment for CaM using its unique features for fragments identification in a less time- 
and sample-consuming experiment. 

  



Studying next-generation anti-cancer compound mecha nisms of action by ultra-high resolution 
Mass Spectrometry – from peptides, proteins, and DN A up to proteome-wide characterisation 

Christopher A. Wootton , Andrea F Lopez-Clavijo, Yuko PY Lam, Carlos Sanchez-Cano, 
Adam Millett,  Mark P Barrow, Peter J Sadler and Peter B O’Connor 

Warwick Centre for Analytical Science (WCAS) and Department of Chemistry, University of Warwick 

Metal based Chemotherapeutics are highly effective and are used worldwide to treat various strains of 
cancer, unfortunately (often due to selectivity issues) a wide range of dangerous side effects are 
experienced by patients and many strains of cancer can become resistant to treatment before they are fully 
treated. As a result research is moving away from traditional Platinum(II) based agents such as Cisplatin and 
Oxaliplatin, and moving toward new metals and new mechanisms of action in order to combat cancer and 
resistant strains of cancer which have become all but immune to Cisplatin-type treatments. 
Beyond Pt(II) compounds we have extended our investigations of metallodrug-biomolecule interactions to 
study compounds based on Osmium, Iridium, Ruthenium, Pt(IV), and even Rhodium. These new potent 
metallodrugs have not only been shown to be more than 10x as potent as Cisplatin, but have also presented 
interesting and previously unobserved mechanisms of action – such as attacking cancer cell’s mitochondria 
in order to induce cell death. 
Herein we present FT-ICR Mass Spectrometry and tandem-mass spectrometry studies of these new 
mechanisms of action using model peptides, proteins, and DNA targets, while also showing preliminary LC-
MS data leading to scaling these studies up to proteome wide investigations of these mechanisms and 
effects on biological systems. 

 
Palaeoproteomics: when archaeology meets mass spect rometry 

Jane Thomas-Oates 

Centre of Excellence in Mass Spectrometry and Department of Chemistry, University of York 

The persistence of biomolecules, including proteins, in the archaeological record allows modern protein 
analytical and proteomic approaches to contribute concrete scientific data to a wide range of engaging and 
long-standing archaeological questions. The rapid development of proteomic technologies and approaches, 
modern mass spectrometry’s excellent limits of detection and mass accuracy, and the availability of protein 
sequence data from ever more animal species provide outstanding opportunities for archaeological research. 
In turn, the outputs of that research have direct application in food safety and farm animal proteomic studies. 
For archaeological applications, tailored sample handling protocols and innovative approaches to data 
interpretation are proving pivotal in maximizing the contribution of mass spectrometry and proteomics to 
such investigations.  A wide variety of archaeological problems are accessible to analysis by MS.  For 
example, fossilized bone samples may contain recoverable protein (and sometimes DNA), the sequences of 
which can identify the organism from which the bone came. In the case of extinct organisms, they also have 
the potential to reveal evolutionary links to extant species. The methods developed for such demanding 
archaeological analyses in turn have obvious applications in the study of modern samples. 
The talk will present data obtained during investigations of ancient samples, and will illustrate a range of 
ways in which MS has contributed to challenging questions in both archaeology but also in translational 
areas. 

 
Molecular clock of amyloid proteins: from dimerizat ion to deamidation 

Yuko P.Y. Lam , Christopher A Wootton, Juan Wei, Mark Barrow and Peter B O’Connor 

Department of Chemistry, University of Warwick 

Aggregated islet amyloid polypeptide (IAPP) is toxic to pancreatic beta-cells that causes the islet cell death 
and associated with type 2 diabetes. IAPP is one of the amyloidogenic proteins, but the details of 
aggregation and deamidation (protein ageing modification) of it have not been completely studied. Herein, 
we applied the ultra-high resolution of FTICR MS for exploring the linking positions between dimerized IAPPs 
and the deamidation sites of the IAPP. We further monitored the molecular clock of IAPP for determining the 
relationship between dimerization, polymerization, and deamidation. 
We show the tandem mass spectra of CAD, IRMPD, and ECD of dimerized and deamidated IAPP which use 
for sequencing the protein, and determining the binding and deamidation positions of the IAPPs. We also 
show quantitative mass spectra for demonstrating the aggregation rate of IAPP throughout the experiment. 
The relationship between dimerization, polymerization, and deamidation were shown through our time-point 
monitoring experiments. In our experiment, ECD was found to be an important fragmentation method for 
studying the binding between non-covalently bound proteins.  



Proteomic profiling of in vitro actomyosin ring constriction 

Saravanan Palani 1, Junqi Huang1, Ting Gang Chew1, Rebecca Hogg1, 
Alexandra M Jones2 and Mohan K Balasubramanian1 

1Division of Biomedical Cell Biology, Warwick Medical School, 
2School of Life Sciences University of Warwick 

Cytokinesis is the process of generating two daughter cells starting from a single mother at the end of the 
cell cycle. In both animal and fungal cells, an actomyosin based contractile ring (AMR) is crucial for 
cytokinesis. Cytokinesis is accomplished by the concerted mechanisms controlling AMR assembly, 
constriction and disassembly, and targeted membrane trafficking events at the cell division site. Mechanisms 
underlying AMR constriction remain elusive due to the lack of a biochemical system, which is easily 
accessible and tractable. The AMR contains a large number of proteins (> 120) including the filament 
forming protein actin, the motor protein myosin II, and other structurally and functionally conserved 
cytokinetic core components, all of which assemble the large supramolecular cytokinetic apparatus. 
Our lab recently established the permeabilized biochemical system in fission yeast (Schizosaccharomyces 
pombe and japonicus) allowing the unequivocal demonstration that myosin II motor activity was essential for 
the mechanics of constriction in vitro. However, in the context of cell cycle signaling, how the ring constriction 
is regulated remains elusive. We will aim to identify the critical factors that fine-tune the cytokinetic apparatus 
by post-translational modification such as phosphorylation. We will also employ other proteomic approaches 
and labeling methods (i.e. thiol-reactive dyes) to find out the proteins, which are structurally changing their 
conformations during ring constriction using cysteine shotgun mass spectrometry (CS-MS). 
Our study will provide great insights into the AMR constriction mechanism at a molecular level, which will 
eventually deepen our knowledge of understanding the normal cellular function and diseases related to cell 
division failure. 

 

Now for something slightly different: metabolomics in the 21 st  century 

Warwick B. Dunn 

Phenome Centre-Birmingham, School of Biosciences and Institute of Metabolism and Systems Research, 
University of Birmingham  Email: w.dunn@bham.ac.uk; Twitter:rickdunn.blade 

Metabolites play many important roles in biology from catabolic and anabolic metabolism, providing the 
starting components for protein and DNA synthesis through to regulatory mechanisms related to rapid 
responses to environmental changes (e.g. PTMs and epigenetic changes) [1]. The global study of 
metabolites, defined as metabolomics, has travelled a long way in the last 15 years since the first papers 
defining the metabolome and metabolomics were published [2,3]. Advances in analytical platforms and 
computational speed/software have driven us forward to provide more biological information, more quickly 
and to develop tools to investigate and integrate these data at the systems level. Metabolomics is now being 
applied for molecular ‘metabolic’ phenotyping in diverse areas of science to provide impact on humans and 
the environment we live in. 
In this talk I will define how and why we apply metabolomics with case studies from small (metabolism of 
burn trauma) and large (Husermet investigation of the UK populations [4,5]) studies. I will also discuss 
hurdles that we still need to overcome including structural identification of metabolites detected [6-8], quality 
assurance [4] and training needs in metabolomics [9]. 
[1] Dunn et al. Chem. Soc. Rev. 2011, 40, 387; [2] Oliver et al. Trends Biotechnol. 1998, 16:373-378; [3] Fiehn et al. Nat. 
Biotechnol. 2000, 8:1157–1161; [4] Dunn, et al. Nature Protocols 2011, 6:1060-1083; [5] Dunn, et al. Metabolomics, 
2015, 11:9-26; [6] Brown, et al. Analyst, 2009, 134:1322-1332; [7] Brown, et al. Bioinformatics 2011, 27:1108-1112; [8] 
Mullard et al. Metabolomics, 2015, 11, 1068–1080. [9] Weber et al. Metabolomics. 2015, 11:784-786. 
   



14th EMPW : Poster Presentation Abstracts 

P1 

Quantitative Phosphoproteomics Reveals Cell Signali ng Pathways  
Regulated by LAR Protein Tyrosine Phosphatase 

Adil R Sarhan , Trushar R Patel, Michael G Tomlinson, Carina Hellberg, 
John K Heath, Neil A Hotchin and Debbie L Cunningham 

School of Biosciences, University of Birmingham 

Intracellular signalling pathways are reliant on protein phosphorylation events that are controlled by a 
balance of kinase and phosphatase activity. Although kinases have been extensively studied, the role of 
phosphatases in controlling specific cell signalling pathways has been less so. Leukocyte common antigen-
related protein (LAR) is a member of the LAR subfamily of receptor-like protein tyrosine phosphatases 
(RPTPs). LAR is known to regulate the activity of a number of tyrosine kinase receptors, including platelet 
derived growth factor receptor (PDGF). To gain insight into the signalling pathways regulated by LAR, 
including those that are PDGF-dependent, we have carried out the first systematic analysis of LAR-regulated 
signal transduction using SILAC-based quantitative proteomic and phosphoproteomic techniques. We have 
analysed differential phosphorylation between wild-type mouse embryo fibroblasts (MEFs) or MEFs in which 
the LAR cytoplasmic phosphatase domains had been deleted (LAR∆P), and found a significant change in 
abundance of phosphorylation on 374 phosphosites from 249 proteins due to the absence of the 
phosphatase domains of LAR. One such LAR-regulated site is Ser65 on ubiquitin, a residue known to 
regulate ubiquitin-mediated protein turnover. Further investigation of specific LAR-dependent 
phosphorylation sites, enriched biological processes, and analysis of putative upstream kinases has 
revealed a role for LAR in regulating mTOR and JNK signalling. 
 
P2 

Differential expression of Hevea brasiliensis root proteins in response to  
infection by soil fungus Rigidoporus microporus 

Nurul Siddiqui , Christopher Middleton, Cristina Ribeiro and Alessandra Di Cola 

Tun Abdul Razak Research Centre, Hertford 

It has been observed that Rigidoporous microporous infects Hevea brasiliensis root causing immature death 
of the plant- a physiological symptom known as white root disease. In this study proteomics techniques have 
been employed to identify disease mediated differentially expressed proteins. Protein samples were obtained 
from roots of one year old healthy and infected plantlets on 8th, 16th, and 21st day and were analysed by 
NanoLC-ESI-MS/MS system. Protein expression patterns revealed an initial burst in oxidative, metabolic, 
energy and repair related proteins in the infected plant. However since day 16, proteins were downregulated 
en masse, indicating an aggressive necrotrophic activity of the fungus. Interestingly after a prolonged 
infection (21 days), some defence mechanisms were still found to be active as was evident from the 
upregulation of proteins involved in cytoskeleton and cell wall formation, repair, detoxification, stress and 
energy. Proteins with most of these functionalities were also found to be differentially expressed when the 
same samples were resolved by 2D gel electrophoresis. 
 
P3 

Glycoproteomic profiling of saliva using mass spect rometry techniques 

Sabah Pasha  and Melissa Grant 

School of Dentistry, University of Birmingham 

The saliva proteome consists of many glycoproteins that play an important role in oral health. These 
glycoproteins contribute to the lubrication and protection of the enamel but are still yet to be well defined. 
Mass spectrometry was used to profile N-linked and O-linked glycosylated proteins and potentially determine 
whether these two populations of glycan modifications govern specific roles in the saliva. The saccharide 
moieties on peptides were identified using methods which involved separation of the glycans from the 
peptides in addition to analysis of the whole glycopeptide. The latter method provided supplementary 
information on the locations of modified residues in addition to the detection of known salivary glycoproteins 
such as mucin and lactotransferrin present in the samples. These glycopeptides were characterised using 
the Byonic software (Protein Metrics Inc.) and subsequently quantified with the use of tandem mass tags 
(TMT) to generate a database of proteins with corresponding percentages of native and glycosylated 
peptides. Once the methods are fully optimised, the workflow can be applied to disease models and assess 
differences in the glycan structures of glycoproteins and the changes in abundance of the glycopeptide 
populations in the saliva. 
  



P4 
Release and isolation of O-glycans: towards a syste m for  

studying disorders of protein O-glycosylation 

Kirsty Skeene 1, Ed Bergstrom1,2, Dani Ungar3, Graham Clarke4 and Jane Thomas-Oates1,2 
1Department of Chemistry, 2Centre of Excellence in Mass Spectrometry, and 3Department of Biology, 

University of York, 4Bristol-Myers Squibb, Moreton, UK 

Congenital disorders of glycosylation (CDGs), a family of rare genetic disorders, result from mutations in 
enzymes or proteins involved in building glycans, on to proteins that coat the surface of all our cells. These 
resulting glycoprotein structures are essential for life. We are interested in studying glycan structures 
expressed on a range of healthy cells and those with mutations, in order to better understand the 
consequence of such mutations on glycan structure. Methods are needed to solubilise and extract 
glycoproteins from cells, and to release and isolate the glycans, for analysis by mass spectrometry. 
A simple protocol has been developed for release and isolation of O-glycans from glycoproteins in cells. 
Using a small disposable centrifugal filter as a reaction vessel enables a rapid and convenient read-out of 
glycan structures. Glycans are released from proteins using non-reductive β-elimination, and the filter is 
centrifuged to retrieve released glycans for analysis, leaving the higher molecular weight proteins above the 
filter membrane. We have also demonstrated a one pot/one sample workflow using centrifugal filters, in 
which we release both N-glycans and O-glycans from the same sample, in the same filter unit. Currently, we 
are working on application to cultured cell line models of CDGs. 
 
P5 

A surface chemistry approach to studying cell-inter face dissociation mechanisms 

Matthew D Nicklin a,b, Robert C Reesb, A. Graham Pockleyb, David J Boocockb, 
Clare Coveneyb and Carole C Perrya 

aInterdisciplinary Biomedical Research Centre and bJohn van Geest Cancer Research Centre, 
Nottingham Trent University, Nottingham  E-mail: Carole.Perry@NTU.AC.UK 

Almost all cancer related death and suffering is associated with metastasis, a complex multi-step process 
resulting in the dissemination of cancer cells from the primary tumour to surrounding/distant tissues. In order 
for metastasis to occur, tumour cells must first detach from their extra cellular matrix (ECM) and adapt to 
survive in its absence through the dysregulation of several regulatory systems including the anoikis pathway. 
Gaining a better understanding of cell detachment processes may prove instrumental in the design of anti-
metastasis therapy. However, research in this area is hindered by the absence of an in-vitro platform which 
supports active cellular detachment under traditional culture conditions. We have previously reported on a 
Fluoro-Silica (FS) surface used for studying cancer cell aggregation-disaggregation, a process attributed to a 
differential adsorption profile of factors from serum. Here the FS surface has been utilised to study the cell-
interface association in serum free conditions during TGF-β1 stimulation, where an upregulation of cellular 
FN was shown to coincide with a progressive cell-surface disassociation process. Mass 
spectrometry/pathway analysis has highlighted several proteins potentially involved in anoikis resistance and 
ECM breakdown to be upregulated during the process. Herein, we present the FS surface as a potential 
platform for focused study into cell-interface dissociation mechanisms and for better characterisation of the 
role ECM factors, such as FN hold in the process. 
 
P6 

Covalent labelling and ion mobility-mass spectromet ry provide  
structural insights into polyubiquitin recognition by USP5 

Daniel Scott 1, 2, Lucio Manzi1, Andrew Barrow1, John Moses1, Robert Layfield2 and Neil Oldham1 
1 School of Chemistry and 2 School of Life Sciences, University of Nottingham 

USP5, a deubiquitinating enzyme responsible for the disassembly of unanchored polyubiquitin chains, has 
been implicated in the regulation of a diverse range of biological processes. USP5 selectively recognises 
unanchored chains through avid interactions at four ubiquitin-binding domains (UBDs). A recent crystal 
structure has provided insight into the relative positioning of the UBDs but raised a number of questions 
regarding the orientation of these domains with respect to enzyme function. 
Here we investigate the conformational dynamics of USP5 using a combination of covalent labelling to probe 
the binding interface of USP5-diubiquitin interactions, and native ion mobility spectrometry-MS (IMS-MS) to 
provide insights into the effects of substrate binding on USP5 conformations.  
The data presented supports the proposal that USP5 exhibits considerable conformational flexibility, 
presumably allowing it to recognise and process a variety of polyubiquitin chain topologies, and illustrates 
the breadth of structural information that can be obtained utilising structural MS-based techniques. 
  



P7 
MALDI-IMS-MSI for the analysis of 3D tissue-enginee red psoriatic skin models 

Amanda Harvey 1, Laura Cole1, John Warwick2, Richard Bojar2, Neil Cross1, David Smith1, Malcolm Clench1 
1Sheffield Hallam University, The Centre for Mass Spectrometry Imaging, Biomolecular Sciences Research 

Centre, Sheffield, 2Innovenn, Sand Hutton Innovation Campus, York 

Tissue-engineering has enabled the development of skin models. These living skin equivalents [LSEs], self-
assemble to form stratified layers comparable to human skin. LSEs are used for toxicity screening with the 
ability to replace animal models for cosmetic and drug development. They provide a model for direct 
quantification of drug treatment and efficacy towards skin. MALDI-MS imaging affords proteomic and 
lipidomic analysis associated within psoriatic and normal skin constructs. We have used MALDI-MSI to 
image the effectiveness of drug treatments towards tissue-engineered psoriatic skin constructs. We have 
previously applied MALDI-MSI to both ex-vivo human skin and 3D LSEs. Progress is being made towards 
the validation of lipids and small molecules with MALDI-MS. MALDI-MS affords a closer look towards drug 
metabolism and distribution. Following treatment with pro-inflammatory cytokine IL-22 epidermal 
differentiation within the LSEs successfully modelled psoriasis in vitro. Additionally it was possible to observe 
the effect of therapy drug treatments towards both psoriatic skin and normal skin. The depth of penetration 
was observed. It was also possible to observe the psoriatic character of the LSEs through histological 
profiling. The use of high mass accuracy and ion mobility separation capabilities enabled separation of 
isobaric species and precise profiling of the skin constructs. 
 
P8 

A proteomic analysis of dynamic ubiquitination chan ges in Elk-1 

Charles Ducker,  Leo Chow, David Tooth, Janice Saxton, Barry Shaw, Peter Shaw and Rob Layfield 

School of Life Sciences, University of Nottingham 

The transcription factor Elk-1 is associated with numerous downstream cellular outcomes, including cell 
proliferation, survival and more recently differentiation. Following activation via mitogen-stimulated 
phosphorylation by the Mek/ERK cascade, Elk-1 forms a complex with a dimer of serum response factor. 
This complex binds the serum response element of immediate-early genes, such as c-fos, mediating their 
transcriptional activation.  Elk-1 is post-translationally modified by ubiquitin; both by monoubiquitin and 
polyubiquitin chains. The latter is typically linked to 26S proteasomal degradation, whereas the former can 
mediate a range of biological processes, including sub-cellular localisation. In contrast to the well 
characterised phosphorylation of Elk-1, ubiquitination is comparatively less well understood. We have used 
tandem mass spectrometry to map ubiquitination sites and identify ubiquitin chain linkages within transiently 
transfected Elk-1 in HEK293T cells. Our analyses reveal that lysine residues within the N-terminal DNA-
binding Ets domain of Elk-1 are the major sites of ubiquitination. We also find that K48-linked polyubiquitin 
chains are associated with transcriptionally-active Elk-1, and that Elk-1 monoubiquitination is reduced upon 
activation. Taken together, our results are indicative of a complex network of diverse post-translational 
modifications, allowing for tightly regulated control over Elk-1 stability and function. 
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Identification of potential plasma protein biomarke rs in pre-eclampsia 
by label-free targeted LC-MS/MS 

Lina Dahabiyeh 1, David Tooth2, Rob Layfield2 and David Barrett1 
1School of Pharmacy and 2School of Biomedical Sciences, University of Nottingham 

Glycoproteins represent an interesting class of human plasma proteome as glycosylation plays a central role 
in diverse biological processes, with various glycoproteins linked with important diseases and identified as 
disease biomarkers. In this study, a label free targeted LC-MS/MS method for the profiling of 54 plasma 
glycoproteins has been developed. Plasma glycoproteins were selectively extracted from plasma by lectin 
affinity chromatography coupled with revered phase-solid phase extraction and eluted in two fractions. 
Proteins in each fraction were digested by trypsin, analysed by LC-MS/MS and identified by MASCOT 
search engine. Ninety proteins were reliably detected between replicates, from which 54 clinically relevant 
proteins were selected to be quantified by targeted LC-MS/MS. The precision of the assay was better than 
15% RSD for 44 out of the 54 proteins and better than 30% for the remainder. The method was successfully 
applied to detect changes in protein profiles in the plasma of pre-eclamptic women. The levels of afamin, 
clusterin, fibronectin, vitronectin, plasminogen and serum amyloid P-component were found to be 
significantly higher in pre-eclamptic women when compared to matched controls, while reduced level of 
corticosteroid binding globulin was noticed. The developed method provides a reliable and simple approach 
for the relative quantification of glycoproteins in human plasma.  
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Analysis of angiotensinogen redox switch involved i n the 

Pathogenesis of pre-eclampsia by targeted LC-MS/MS 

Lina Dahabiyeh 1, David Tooth2, Rob Layfield2, Aiwu Zhou3, Robin Carrell4, 
Yahui Yan4, Randy Read4 and David Barrett1 

1School of Pharmacy and 2 School of Life Sciences, University of Nottingham 
3Shanghai Jiatong University, Shanghai, China, 4University of Cambridge 

Angiotensinogen (AGT) is a critical protein in the renin angiotensin system and has an important role in the 
pathogenesis of pre-eclampsia. The disulfide linkage between Cys 18 and 138 has a key role in the redox 
switch of AGT that modulates angiotensin release, and hence blood pressure, with an increased percentage 
of the oxidised form of AGT present in the plasma of pre-eclamptic women. With the aim of quantifying the 
oxidised and the reduced form of AGT in the plasma of pre-eclamptic women, a method for the reproducible 
detection of the two protein forms was developed. 
Human plasma AGT was first enriched by a combination of ConA sepharose and RP-SPE fractionation 
monitored by Western blotting. A differential alkylation approach using iodoacetamide (IAM) and its 13C-2D 
labelled form was followed to alkylate the reduced and oxidised forms of AGT respectively, while a targeted 
LC-MS/MS method working under multiple reaction monitoring mode was used to detect the two protein 
forms in the plasma chymotryptic digest. A reliable level of 43% ± 2.0% for the overall recovery of AGT was 
achieved and reproducible detection of IAM and isotope labelled IAM modified Cys 18 peptides, representing 
the reduced and oxidised protein forms, was observed with CV% of 12.4 and 14.0 respectively. Confirmation 
of the peptide identities was supported by LC-MS/MS data and the obtained spectra were comparable with 
their corresponding standards. The detection of the two forms of the protein provides a good level of 
confidence to move towards the quantification of the reduced and oxidized forms of AGT in human plasma 
samples collected from pre-eclapmtic patients. 
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Simple Co-Registration of Mass Spectrometry Imaging  Data Using ""Registax""  
A Free Software Package for Processing Astronomical  Images 

Ekta Patel , Laura M Cole, Amanda Harvey, Neil Cross, David Smith, 
Simona Francese and Malcolm R Clench 

The Centre for Mass Spectrometry Imaging, Biomolecular Sciences Research Centre, 
Sheffield Hallam University 

MS images of peptides of protein produced by on tissue digestion produces images of proteotypic peptides 
which have the same distribution but varying signal to noise. Combining these images should produce the 
best representation of the distribution of the protein in the tissue. Manual co-registration of such images is a 
slow and labour intensive process. Here the use of a freely available software package designed for the 
rapid automatic co-registration of astronomical data to process MS imaging data is presented. Examples are 
shown from its use to enhance data from myelin basic protein in brain sample sand from a number of 
proteins in a stomach cancer tissue microarray. 
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SWATH™-MS profiling of a novel inducible EMT cell m odel for prostate cancer 

Sarah Wagner 1, Jayakumar Vadakekolathu1, Graham R Ball1, Clare Coveney1, 
Naomi Dunning-Foreman1, Sibylle Heidelberger2, Amanda Miles1, Nick Morrice2, 

A Graham Pockley1, Robert C Rees1, David J Boocock1 
1John van Geest Cancer Research Centre, Nottingham Trent University, 2SCIEX, Warrington, UK 

Prostate cancer is the third most common cancer worldwide and the second most common cause of cancer-
related death in the UK. This is primarily due to metastasis, which decrease the 5-year survival rate to 30%. 
The process that enables cancer cells to spread in the body is called epithelial to mesenchymal transition 
(EMT). During this process, epithelial cells of the primary tumour change their morphology to a mesenchymal 
cell type, detach and disperse throughout the body via the bloodstream where at a distant site they undergo 
mesenchymal to epithelial transition (MET) and form secondary tumours. 
Here, we present SWATH-MS profiling of cell lysates from a highly epithelial cell clone P5B3 (derived from 
OPCT-1), which was stimulated with TGFβ1 to induce EMT compared to a model of spontaneous EMT 
(P4B6) and unstimulated P5B3. Transcriptomic and proteomic analysis of known EMT markers (E-Cadherin, 
Vimentin, Fibronectin and N-Cadherin) confirmed, together with clear morphological changes, that EMT 
occurred. Furthermore, it was possible to quantify 1308 proteins of which 126 proteins are differentially 
expressed using the SCIEX OneOmics software. This study demonstrates the applicability of our cell line 
model to the discovery of novel EMT markers in prostate cancer.  
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Mapping the transglutaminase-2 interactome by SWATH -MS reveals an endosomal  

transport hub of proteins in a model of experimenta l kidney fibrosis 

Giulia Furini 1, David j Boocock1, Nina Schroeder1, Linghong Huang2, 
Timothy S Johnson2 and Elisabetta AM Verderio1 

1School of Science and Technology, Biomedical, Life and Health Research Centre  
and John Van Geest Cancer Research Centre, Nottingham Trent University, 

2Academic Nephrology Unit, Medical School, University of Sheffield 

A significant feature of progressive kidney scarring is the release of Transglutaminase 2 (TG2) by tubular 
epithelial cells leading to increased deposition of extracellular matrix. To identify the molecular partners of 
TG2 in this process, we utilised the unilateral ureteric obstruction (UUO) murine model of chronic kidney 
disease, performed in 12 TG2-null and WT inbred C57BL/6J mice. TG2 immunoprecipitation from whole 
kidney membranes was coupled to quantitative proteomics by (DIA)/SWATH-MS (ABSCIEX-
TripleTOF5600). Differences between WT and TG2-null precipitated proteins were determined by paired 
sample z-test. 95 of the 205 plasma membrane TG2-interacting proteins (p≤0.05, n≥4) were UUO-specific. A 
predominance of actin dynamics, redox regulation and endosome-related proteins was revealed, by 
searching Gene Ontology terms overrepresented in TG2 partners (p≤0.05) compared to reference 
proteomes (DAVID). Protein interaction network analysis (STRING 9.1) showed that a subnetwork of 
proteins responsible for endosomal transport were associated with TG2 post UUO as well as the heparan 
sulphate proteoglycan syndecan-4 and perlecan (Scarpellini & Huang et al JASN, 2014). In conclusion, an 
immunoprecipitation approach combined with SWATH MS was used to characterise the TG2 membrane 
interactome. A similar approach may be applied to uncover the interacting partners of other fibrogenic 
proteins in kidney. Work funded by Kidney Research UK project grant RP25/2012 to EVE and TJ 
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Proteomic analysis of the membranome and cell surfa ce subproteome of chondrocytes 
and a chondrogenic progenitor cell line derived fro m osteoarthritic cartilage 

Csaba Matta 1, Susan Liddell2, Xiaofei Zhang2, Julia R. Smith3, Ali Mobasheri1 
1Department of Veterinary Preclinical Sciences, School of Veterinary Medicine, University of Surrey 

2School of Biosciences, University of Nottingham, 3Bruker UK Limited, Coventry, UK 

Osteoarthritis (OA) is one of the ten most disabling musculoskeletal conditions in developed countries. As 
there is currently no effective treatment for OA, there is a pressing need for the development of novel 
therapeutic strategies to preserve articular cartilage. Membrane proteins in chondrocytes perform key 
functions including cell–matrix interactions, communication, transport and receptor signalling. There is 
currently a lack of knowledge about the chondrocyte membranome and its molecular composition. This work 
focuses on the analysis of membrane proteins in chondrocytes as well as a human chondrogenic cell 
population from OA knee cartilage with the help of nanoLC-MS/MS combined with shotgun proteomics 
methodologies. We used two different methods to enrich the membrane subproteome. Chondrocyte protein 
extracts were separated into hydrophobic and hydrophilic fractions using Triton X-114 phase partitioning, 
and trypsin-digested protein fractions were analysed by LC-MS/MS. Samples with enriched cell surface 
proteins were prepared using EZ-Link Sulfo-NHS-SS-Biotin and analysed using short GeLC-MS/MS. 
Approximately 25% of the proteins identified were plasma membrane proteins, which support the efficacy of 
the enrichment methods. Amongst the plasma membrane proteins, we identified important regulators of 
chondrocyte cell biology such as integrins, CD44, or PMCA4, and our results establish CD276, S100-A6 
(calcyclin), and VDACs as key components of the chondrocyte membranome. As membrane proteins are 
known targets for many currently available pharmaceuticals, defining the chondrocyte membranome is likely 
to advance our understanding of fundamental biological and pathological processes in cartilage and may 
reveal new targets for conventional and biological drug discovery. 
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Proteomic profiling of in vitro actomyosin ring con striction 

Saravanan Palani 1, Junqi Huang1, Ting Gang Chew1, Rebecca Hogg1, 
Alexandra M Jones2 and Mohan K Balasubramanian1 

See the abstract for the corresponding talk in session 4. 
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Phosphorylation of ubiquitin-binding domains - an i nformatics analysis 

Elizabeth Radley 1,2,3, Alice Goode1,2,3, Mark Searle1,2,3 and Rob Layfield1 
1School of Life Sciences, 2School of Chemistry and 3Centre for Biomolecular Sciences, 

University of Nottingham, Nottingham, UK 

Post-translational modification of proteins with ubiquitin controls a myriad of biological processes, with non-
covalent recognition of these modifications by specific effector proteins (ubiquitin-binding proteins) 
underlying the respective biological process that is regulated. Recognition of ubiquitin is mediated by 
ubiquitin-binding domains (UBDs), found within these ubiquitin-binding proteins, which target distinct surface 
patches on ubiquitin. Recent evidence indicates that UBD function can be regulated by phosphorylation, with 
the UBA domain of the autophagy receptor protein p62 representing the paradigm. In this case modification 
of Ser403, adjacent to the critical “MGF” sequence recognition motif of the UBA that directly binds to 
ubiquitin, enhances ubiquitin-binding ability of the p62-UBA domain. We present an informatics survey aimed 
at identifying other UBA domains that may be functionally regulated by phosphorylation. Human UBA domain 
sequences (n=81) were retrieved from SMART and duplicate sequences manually removed (leaving n=33). 
Parent protein sequences were cross-referenced against the PhosphoSitePlus database which contains 
experimentally-determined phosphorylation sites, and those mapping to UBA domains were annotated. We 
find that the reported phosphorylation of UBA domains is surprisingly common, with 14/33 (42%) sequences 
modified, most often on Ser residues. Notably modifications in unstructured regions close to the UBA domain 
also appear to be a common feature. Finally we note that the STS-1 protein is, like p62, also phosphorylated 
on a Ser residue immediately preceding the “MGF” motif, indicating its ubiquitin-binding function may be 
similarly regulated. Our work shows that important observations and predictions relevant to protein-protein 
interactions can be made from a simple re-analysis of proteomic data already in the public domain. 
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