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Preface 
 

The Münster Conference on Biomolecule Analysis 2016 was the third with a focus on 
proteomics. Since 2004, the Core Unit Proteomics (CUP) of the Interdisciplinary Center for 
Clinical Research Münster (formerly Integrated Functional Genomics) has organized the event 
as an annual series of bioanalytical conferences. As a result of the award of the Transfer Prize 
2014 of the University of Münster to CUP and SERVA Electrophoresis GmbH, the company had 
joined the organizing team. Together, CUP and SERVA assembled a program with high-ranking 
speakers from the protein analysis field and a full day of workshops covering basic 
methodologies. The conference also provided a platform for companies to showcase their 
products. SERVA, in particular, launched their new product, the Mercator Gel, which was 
developed following an innovation by CUP, the CoFGE (Comparative Fluorescence Gel 
Electrophoresis) technique. The international event successfully met the increasing interest in 
proteomic technologies and provided a valuable information source in particular for Ph.D. 
students.         
 
          Münster, Nov. 28, 2016 

Simone König 
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Program 
 

Chairs: Simone König, Günter Theßeling, Kathrin Marcus, Hannes Drexler 
 
 
Keynote Lecture: Matthias Mann, Martinsried, Germany 
Moving mass spectrometry based proteomics to the clinic 
 
 
 
Speaker 
 
Jenny Renaut, Esch-sur-Alzette, Luxembourg 
Proteomics investigation of cell walls in growing plants 
 
Peter Verhaert, Delft, The Netherlands 
Human secretome analysis with biomedical relevance. Ex vivo and in vivo examples  
 
Lennart Martens, Ghent, Belgium 
Novel algorithms for proteomics data: Seeing more of what our mass specs have already seen  
 
Oliver Schilling, Freiburg, Germany 
Using Proteomics to Investigate Proteases and Proteolytic Processes 
 
Erdmann Rapp, Magdeburg, Germany 
High-Performance Glycoanalysis Based On xCGE-LIF 
 
Kathrin Marcus, Bochum, Germany 
Laser microdissection and mass spectrometry – a successful couple in clinical proteomics  
 
Michael Mormann, Münster, Germany 
Deciphering cleavage sites of chitosan hydrolases by quantitative mass spectrometric 
sequencing of chito-oligosaccharides  
 
Sebastien Carpentier, Leuven, Belgium 
Quantification and identification of allele specific proteins: integration of transcriptomics and 
proteomics 
 
 
 
Workshop Speaker 
 
Günter Thesseling / Reiner Westermeier, Serva Electrophoresis, GE Theory  
 
Sabine Metzger, Cologne, Germany, Research example: vCoFGE 
 
Simone König, Core Unit Proteomics, Synapt G2 Si applications, sample preparation  
 
Marc Kipping, Waters, Ion mobility mass spectrometry with Synapt G2 Si 
 
Michael Böhm, Essen, Germany, Research example: Protein expression RPE 
 
Frank Rutsch, Münster, Germany, Generalized arterial calcification of infancy 
 
Robert van Ling, Thermo Fisher Scientific, Use of the columns of different lengths in 
RSLCnano or EASY-1200 Nano-UHPLC  
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Poster Abstracts 
 

 
IP-based and untargeted MS-SILAC approach for the investigation of IGF / mTOR 

signaling in high producer CHO cells   
 

L. Brachtvogel, M. Fougeras, S. Walter, T. Noll, R. Hoffrogge 
 

Bielefeld University, Institute for Cell Culture Technology 
 
 

Recombinant protein therapeutics, as major category of biopharmaceuticals, are to about 70% produced 
in Chinese Hamster Ovary (CHO) cells. Specific productivity of CHO cells mainly depends on the initial 
cell line engineering, media adaption and optimization of culture conditions. Here, we present our current 
SILAC-MS approach for a further, IP-based and untargeted investigation of key signaling complexes of 
CHO cells. Based on our previous untargeted study of growth factor impact on signaling of a high 
producer cell line we now focused on the mTOR signaling complex that is in close relation to cell survival 
and high protein productivity. The signaling of two producer lines and one parental cell line was 
investigated in dependence of IGF (insulin growth factor) impact on the cells. 
Initially, we confirmed the importance of the mTOR pathway by Western blotting: the overall mTOR 
abundance was significant higher in high producer than in the parental cell line. In a SILAC approach, 
CHO cells were grown in chemical defined medium with heavy or light lysine and arginine, respectively, 
and sampling occurred 5 minutes after IGF induction. The constellation and phosphorylation status of 
signaling proteins has been investigated by MS identification and quantification of entire phospho-
proteome or IP-extracted mTOR signaling complex. 
The IGF induction showed different impacts among the three cell lines regarding growth and metabolism, 
but also expected effects on cell cycle and phosphorylation changes in terms of Act signaling. Firstly, for 
an untargeted MS-approach after SILAC growth, whole cell extracts were digested followed by phospho-
peptide enrichment via TiO2-columns. Optimized proceeding, like mild protein harvesting conditions, in-
solution digest, and more sensitive MS measurements were chosen to achieve a high output of 
regulated phospho-peptides in consequence of IGF signaling. Secondly, a (co)IP-MS approach served 
as a more targeted analysis. Via covalent bound mTOR-antibody to magnetic beads, an 
immunoprecipitation was performed and mTOR alongside with the complex partners like rictor or raptor 
were purified. After some according initial MS-measurements, currently MS-acquisitions and data 
interpretation are going on. 
These two strategies, IP-based and untargeted phospho-proteomics, should lead to an overall view of 
entirely regulated phosphoproteins and a more specific impression of mTOR complex constellation. 
Hence, key elements of intracellular signaling pathways will be revealed which are relevant for high 
producer CHO cells. Finally, this should serve as a basis for application of activators or inhibitors such as 
SMIs to boost biopharmaceutical productivity of the cells.  
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Use of the pyrylium group as a modifier for dye and charge tagging in protein 
analysis 

 
Malte Bayer and Simone König 

 
Core Unit Proteomics, Interdisciplinary Center for Clinical Research, University of Münster 

 
 
The pyrylium -amino groups in proteins. 
Particularly for fluorescence labeling a number of advantages over traditional NHS-ester 
chemistry were recognized such as the rapid pre-staining procedure and the small size of the 
fluorophore leading to less spot shift in 1D- and 2D gel electrophoresis1, 2. Apart from the 
application as a fluorogenic label pyrylium-based dyes can also be used for chromophore 
tagging due to the red color of the labeled product.  
Even though pyrylium-based fluorescent modifiers have been around for more than a decade, 
they have not been explored to their full capacity yet. In an effort to determine their specificity 
and possible side products, peptides containing no, one, and two lysine residues and either one 
or no cysteine residues were labeled with Lightning Red (Serva), a dye containing pyrylium 
functionality3. Labeling yields were better than 30%. Mass spectrometry (MS) was used to 
investigate the reaction products (Q-TOF Premier, Waters Corp.). Samples were supplied either 
by liquid chromatography (nanoAcquity) or by manual nanospray.  
Gas phase fragmentation proved both labeling of lysine residues as well of that of the N-
terminus. Even though there was no evidence for thiol-based reactions, several side products 
were observed such as rearrangement with adjacent acidic acids. Interestingly, for N-terminally 
labeled peptides a- and b-type ion series were detected predominantly. Therefore, Lightning 
Red may also be used for charge tagging of peptides as an alternative to the commonly used 
quaternary ammonium4 and phosphonium salts5.  Such charge tagging improves sequence 
assignment and sensitivity due to simplification of fragmentation spectra. Conclusively, 
pyrylium-based modifiers have a high potential in protein analysis for their 1) specificity, 2) few 
side reactions, 3) fluorogenic and chromophoric properties, and 4) use as charge tag. 
 
References 
[1] Hoefelschweiger, B. K.; Anal. Biochem.; 2005; 344; 122-129. 
[2] Meier, R. J.; Anal. Chem.; 2008; 80; 6274-6279. 
[3]  Bayer, M., König, S.; Electrophoresis; 2016; July 27, DOI 10.1002/elps.201600318 
[4]  Setner, B.; J. Mass Spectrom.; 2014; 49; 995-1001. 
[5]  Liao, P.-C.; J. Am. Soc. Mass Spectrom.; 1997; 8; 501-509. 
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Establishing a workflow for proteome analysis of CSF-derived cells with LC-
MS/MS in the context of Parkinson´s disease 

 
Lukas Schilde1, Steffen Kösters1, Caroline May1 and Kathrin Marcus1 

 
1Medizinisches Proteom-Center, Ruhr-University Bochum 

 
 
Parkinson´s disease is the second most frequent neurodegenerative disease after Alzheimer´s 
disease. Parkinson´s disease is characterised by motoric symptoms, namely bradykinesia, 
rigidity, resting tremor and postural instability (Kalia and Lang 2015). Although 
neurodegeneration starts years, possibly decades before the first motoric symptoms appear, 
Parkinson´s disease is not diagnosed till motoric symptoms occur (Kalia and Lang 2015). Non-
motoric symptoms are often found in the prodromal phase of Parkinson´s disease and are 
preceding the motoric symptoms but they are not specific for Parkinson´s disease (Kalia and 
Lang 2016). Diagnostics still lack a reliable and validated biomarker for preclinical Parkinson´s 
disease (Halbgebauer et al. 2016). CSF is currently examined as a possible source of 
biomarkers in Parkinson´s disease (Miller and O'Callaghan 2015). CSF is in direct contact with 
the brain and contains only a small amount of proteins and cells. By establishing a method for 
mass spectrometric bottom-up proteome analysis of CSFs mononuclear cells we hope to find 
possible biomarker candidates of Parkinson’s disease. Here I will show different approaches of 
sample preparation for a robust protocol of protein separation from CSF cells for mass 
spectrometric analysis. 
 
Literature  
Aarli, J. A. W. 2006. Neurological disorders. In public health challenges, ed. T. Dua, 218. 
Switzerland: WHO Press. 
Halbgebauer, S., P. Öckl, K. Wirth, P. Steinacker & M. Otto (2016) Protein biomarkers in 
Parkinson's disease: Focus on cerebrospinal fluid markers and synaptic proteins. Mov Disord, 
31, 848-60. 
Kalia, L. V. & A. E. Lang (2015) Parkinson's disease. Lancet, 386, 896-912. 
(2016) Parkinson disease in 2015: Evolving basic, pathological and clinical concepts in PD. Nat 
Rev Neurol, 12, 65-6. 
Miller, D. B. & J. P. O'Callaghan (2015) Biomarkers of Parkinson's disease: present and future. 
Metabolism, 64, S40-6. 
More, S. V., H. Kumar, I. S. Kim, S. Y. Song & D. K. Choi (2013) Cellular and molecular 
mediators of neuroinflammation in the pathogenesis of Parkinson's disease. Mediators Inflamm, 
2013, 952375. 
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A closer look on distinct types of neurons in the substantia nigra – new insights 
into Parkinson’s disease 

 
L. Aring1, S. Steinbach1, Julian Elm1, Johannes Attems2, Sharon Keers2, K. Marcus1 and 

C. May1 

 
1Medizinisches Proteom-Center, Ruhr-Universität Bochum, Bochum, Germany 

2Institute of Neuroscience and Newcastle University Institute for Ageing, Newcastle University, 
Newcastle upon Tyne, United Kingdom 

 
Parkinson’s disease (PD) is a complex neurodegenerative disorder. The cause of the disease 
still remains unclear; it seems to be the result of a complicated interplay of genetic and 
environmental factors that affect several essential cellular pathways. PD is pathologically 
characterized by the loss of dopaminergic neurons of the substantia nigra pars compacta 
(SNpc) [1]. Further neurodegenerative alterations can be found in wide parts of the central as 
well as enteric nervous system, but not in all. For better insight into the development of the 
disease it is necessary to identify differences between affected and non-affected types of 
neurons. This can be done via proteomic studies. Therefore, it is required to isolate neurons of 
interest from the surrounding brain tissue of patients with PD and compare them to those of a 
healthy control group. The method that allows uncomplicated classification and separation of 
brain cells from heterogeneous tissue is laser microdissection (LMD). This technique based on 
the combination of microscopy and a laser-based collection method enables contact- and 
contamination-free isolation of cells of interest and requires only a small amount of tissue 
samples [2].  
In this study different neurons from post mortem frozen fresh brain tissue of a healthy control 
group as well as of PD patients will be collected using LMD and analyzed via high performance 
liquid chromatography (HPLC) coupled to tandem mass spectrometry (MS/MS). The results of 
the comparison between healthy and diseased brain tissue may provide new information about 
the differences between the distinct types of neurons and their role in PD.  
 
[1] L.V. Kalia and A. E. Lang 2015, Parkinson’s disease. Lancet 2015; 386: 896-912, April 2015, 
DOI: 10.1016/S0140-6736(14)61393-3 
[2] M. Molina, S. Steinbach, Y. M. Park, S. Y. Yun, A. T. Di Lorenzo Alho, H. Heinsen, L. T. 
Grinberg, K. Marcus, R. E. Paraizo Leite and C, May 2015, Enrichment of single neurons and 
defined brain regions from human brain tissue samples for subsequent proteome analysis. J 
Neural Transm 2015; 122:993-1005, DOI: 10.1007/s00702-015-1414-4 
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Redox regulation of integrins and their supramolecular adhesome structures 

Juliane Meißner, Julius Grosche, Lukas Bergerhausen and Johannes A. Eble 
 

Institute of Physiological Chemistry and Pathobiochemistry, University Hospital Münster, 
Germany 

 
During integrin-mediated adhesion to the extracellular matrix (ECM), cells produce reactive 
oxygen species (ROS) at their adhesive protrusion sites, termed redox hot spots. The main 
cytosolically produced ROS is H2O2 and, amongst others, it modifies cysteine residues within 
integrins and several other proteins in a reversibly and temporarily manner. After oxidation, 
these cysteine sulfenic acid derivatives cause conformational changes and therefore activate 
the integrin. This strengthens cell adhesion and increases migration on the ECM. The oxidation 
of these cysteins is a reversible process called thiol-switch, thereby switching the protein 
between different conformational and functional states. After cells have adhered, protein 
oxidation decreases at the redox hot spots, leading to the inactive bent conformation of 
integrins. 
The major sources of intracellular H2O2 are generated by NADPH oxidases, which presumably 
are highly active in redox hot spots. Upon binding to the ECM ligand, integrins cluster and 
recruit several adapter, signaling and cytoskeleton proteins resulting in the supramolecular 
adhesome, an adhesive cell organelle. However, the composition of adhesomes, especially of 
different adhesome types (e.g. focal adhesions vs. focal complexes), is not fully described yet. 
Also, the question whether ROS-generating sources are recruited into the adhesome is still 
unanswered. We hypothesize that several integrins are redox regulated and that this concept of 
redox dependent integrin regulation and modulation of cell-matrix contacts is a general process. 
The aim of this project is to disclose the mutual interplay between integrins and ROS-generating 
systems in cell adhesion a
change relevant position a thiol-switch, HT1080 fibrosarcoma cells were transfected with 

-relevant cysteines were replaced by redox-
insensitive alanine residues within the hinge and the calf-

the wild-type integrin expressing cells. In flow cytometry and immunofluorescence experiments, 

calf-2 region are crucial for the protein folding.  
Additionally, the physical interaction of integrins and redox systems in the adhesome has to be 
characterized. Several components of adhesomes, such as Src kinases and actin, have been 
reported to be redox-regulated. Thus, it is highly important to understand whether a redox-
generating system is part of the adhesome and which components of the adhesome complex 
are reversibly redox-modified. To address this question, we grew the cell line PC12, derived 
from a pheochromocytoma of the rat adrenal medulla, on laminin111-coated plates in the 
presence and absence of nerve growth factor (NGF). Afterwards, the adhesome complexes 
were isolated from the cell and the protein compositions were compared by 2D DIGE. In 
preliminary experiments, we can find a remarkably change of the expression level of proteins in 
the NGF treated adhesome compared to the control. 
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Antigen identification in autoimmune diseases with use of protein cross-linking 
 

Jennifer Schoppmann, Jale Stoutjesdijk, Katrin Marcus and Caroline May 
 

Medizinisches Proteom-Center Ruhr-Universität Bochum, Bochum 
 
 
One of the main functions of the human immune system is to defend pathogenic agents which 
can cause life-threatening infections. Therefore, it is crucial that the immune system 
differentiates between endogenous and extraneous cells, because otherwise endogenous 
tissues would be attacked and destroyed. The body uses many mechanisms to protect itself 
from its own immune system. For instance, the immune cells are selected during their 
maturation to prevent later reaction against body structures (Giardino et al., 2016). However, 
there are regularly antibodies, which recognize components of endogenous cells as antigens. 
These antibodies are called autoantibodies. Such autoantibodies are built as a physiological 
reaction, for example to illnesses like cancer (Murphy, Travers, & Walport, 2009). Other 
functions are subject of current research and scientific discussions. From a pathological point of 
view, autoantibody reactions are the reason for autoimmune diseases and consequently the 
reason for detection and destruction of endogenous tissue. 
The role of autoantibodies in humans is still not sufficiently clarified. To understand the effects 
of these autoantibodies, their antigen must be known. Still there are a lot autoimmune diseases 
with unknown antigen. Recent advances enable the use of protein microarrays, which allow the 
simultaneously measurement of autoantibodies against more than 10,000 human autoantigens. 
These protein microarrays are purchasable available, but there are no arrays on the market that 
are tissue specific. It is known, that protein isoforms are often tissue specific expressed and with 
this, antigens could be also only tissue specific.  
One possibility to identify tissue specific antigens could be probably the use of protein cross-
linking combined with mass spectrometry. The chemical compound between antibody and its 
antigen exits of non-covalent bonds, for example of hydrogen bonds or van der Waals forces. 
During purification of this unstable compound from tissue, the antigen can dissociate from the 
autoantibody and can no longer be analyzed. The idea of the presented approach is to 
strengthen this compound by means of a cross-linker into a covalent bond and to identify the 
antigen by mass spectrometry.  
 
References 
Giardino, G., Gallo, V., Prencipe, R., Gaudino, G., Romano, R., De Cataldis, M., et al. (2016). 
Unbalanced Immune System: Immunodeficiencies and Autoimmunity. Front Pediatr, 4, 107. 
Murphy, K., Travers, P., & Walport, M. (2009). Janeway Immunologie (7 ed.): Spektrum 
Akademischer Verlag. 
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Proteomic characterization of male and female murine muscle fiber types via 
laser microdissection and lc ms/ms mass spectrometry 

 
Britta Eggers, Katalin Barkovits, Carolin Berwanger, Rolf Schröder, Maike Ahrens, 

Christoph Clemen, Katrin Marcus 

 
 
Muscles are composed of different fiber types known as type I and type II fibers. Type I fibers 
are highly oxidative and are needed for long endurance training (Ciciliot et al., 2013). Type II 
fibers instead are relying on glycolysis for energy supply and are used for fast movements. It is 
known that the fiber type composition of various muscles is differing depending on their specific 
use and can change due to aging processes or training. These fiber type shifts can also be 
observed in several muscle diseases, like muscular dystrophies, myofibrillar myopathies or 
inclusion body myositis (Gelfi et al., 2011, Loell et al., 2011). The hallmarks of those diseases 
are protein aggregation and a disruption of the myofibrillar network followed by a destruction of 
muscle tissue leading to severe impairment in movement and mobility. Changes in the fiber type 
composition might have an impact on fiber loss and other re- and degenerative effects and play 
a role in the progression of the disease itself (Loell et al., 2011). Due to that it is important to get 
an insight into the molecular characteristics of different fiber types and their protein composition. 
For a precise differentiation of different fiber types and their isolation out of complex muscle 
tissue a sophisticated method was established combining fiber type specific immunostaining, 
laser microdissection (LMD) and mass spectrometry (MS). We initially used the established 
workflow in order to eluicidate a general influence of gender and age on the protein composition 
of different muscles in wildtype mice. First results demonstrate the applicability of this method 
for specific muscle fiber analysis. In total 24 proteins could be identified as interesting 
candidates for being differently expressed in one of both sexes. E.g. proteins associated with 
cell stress could be identified as higher abundant in female murine muscle samples. 
Further we will study muscle tissue of mutant mice and human for the identification of protein 
patterns which could hint to mechanisms connected to muscle malfunction and might give new 
insights into the pathomechanism of rare muscle diseases. 
 
References 
Ciciliot, Stefano; Rossi, Alberto C.; Dyar, Kenneth A.; Blaauw, Bert; Schiaffino, Stefano (2013): 
Muscle type and fiber type specificity in muscle wasting. In: The international journal of 
biochemistry & cell biology 45 (10), S. 2191–2199.  

Gelfi, Cecilia; Vasso, Michele; Cerretelli, Paolo (2011): Diversity of human skeletal muscle in 
health and disease: contribution of proteomics. In: Journal of proteomics 74 (6), S. 774–795. 

Loell, I.; Helmers, S. B.; Dastmalchi, M.; Alexanderson, H.; Munters, L. A.; Nennesmo, I. et al. 
(2011): Higher proportion of fast-twitch (type II) muscle fibres in idiopathic inflammatory 
myopathies - evident in chronic but not in untreated newly diagnosed patients. In: Clinical 
physiology and functional imaging 31 (1), S. 18–25. 
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Bradykinin degradation in Complex Regional Pain Syndrome (CPRS) 
 

Anna Schildt*, Malte Bayer*, Tanja Schlereth#, Frank Birklein#, Simone König 
 

Core Unit Proteomics, Interdisciplinary Center for Clinical Research, University of Münster, 
#Clinic for Neurology, University Clinic Mainz, Germany; *first authors 

 
 
CRPS is a severe and often disabling syndrome, which develops after trauma in ~5% of all 
cases; most often after distal radius fractures. CRPS is characterized by a variety of clinical 
features including spontaneous pain and hyperalgesia. Bradykinin (BK) participates in 
inflammatory processes, producing classical symptoms of inflammation such as redness, heat, 
swelling, and pain. It was increased in blood samples from CRPS patients and its decreased 
degradation by angiotensin converting enzyme (ACE) has been suggested as a possible 
pathophysiological mechanism triggering the symptoms.1-2 Modulation of bradykinin signaling is 
largely determined by ACE which metabolizes the bradykinin nonapeptide into BK1-7 
heptapeptide and the BK1-5 pentapeptide2, but degradation by aminopeptidase P (cleaves 
position 1-2) and carboxypeptidase N (CPN, cleaves position 8-9) is also known.3  
In this work, methods were developed to study BK degradation and protease activity in sera of 
CRPS patients. Levels of BK and its products BK1-8, BK1-7 and BK1-5 were investigated using 
capillary chromatography coupled to ion trap mass spectrometry (LC-MS; Agilent HP1100, 
Bruker Esquire3000) and nano and ionkeyLC coupled to high resolution MS (Waters M-Class & 
Synapt G2 Si). Moreover, in an alternative approach, thin-layer chromatography (TLC) of 
dabsylated BK (DBK) was used to monitor BK and its products in a time-dependent manner. 
Experiments were conducted in 2-3 μl serum which degraded 50 pmol BK within 10-15 min at 
37°C. BK1-7 was transient while BK1-8 and BK1-5 provided reliable markers which were 
detectable after 1-2 min and leveled out at ~40-60 min. The comparatively simple TLC method 
shone for its robustness and throughput and is currently further developed for the measurement 
of capillary as well as venous blood. The investigation of 37 CRPS patients vs.seven healthy 
controls indicated the formation of lower BK1-5 levels in CRPS which is in agreement with the 
hypothesis of reduced ACE-activity. However, the current patient cohort was both too small and 
too diverse to provide a clear picture. For the investigation of a larger patient group, both the 
synthesis and the purification of DBK is being refined and upscaled. The cost-effective TLC-
based monitoring of DBK holds high promises not only for the investigation of CRPS. It can also 
be extended to other neuropeptides. 
 
References 
1) Beerthuizen et al. 2012, Pain 153:1187; Schmelz & Petersen 2001, News Physiol. Sci. 16:33; 
Kaplan et al. 2002, J. Allergy Clin. Immun. 109:195; Taddei & Bortolotto 2016, Am. J. Card. 
Drugs 16:309 
2) Blair et al. 1998, Acta Orthopaedica Belgica 64:448; de Mos et al. 2009, Pain 142:218. 
3) Dendorfer et al. 2001, Am. J. Physiol. Heart Circ. Physiol. 280:H2182  


