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Abstracts presented at HUPO workshop 
 
HUPO03 
Longitudinal Proteomics of Cardiac Tissue Highlights Decrease of Matricelullar Proteins in Left Ventricular Assist Device Therapy 
J. H. Shahinian1, B. Mayer2, S. Tholen2, H. Füllgraf3, S. Kiefer3, P. Bronsert3, K. Brehm4, M. L. Biniossek2, U. Heizmann4, C. Heilmann4 
F. Reuter1, M. Grapow1, O. T. Reuthebuch1, F. Eckstein1, F. Beyersdorf4, M. Siepe4, O. Schilling2 
1University Hospital Basel, Division of Cardiac Surgery, Basel, Switzerland 
2University of Freiburg, IMMZ, Freiburg, Germany 
3University Medical Center Freiburg, Institute of Surgical Pathology, Freiburg, Germany 
4Heart Centre Freiburg University, Department of Cardiovascular Surgery, Freiburg, Germany 
 
Objectives: We aimed to investigate the impact of mechanical unloading with a left ventricular assist device (LVAD) on the myocardial proteome. 
Methods: 11 patient-matched samples of myocardial tissue, harvested at time of LVAD implant (pre-LVAD) or heart transplant (post-LVAD) were 
studied by quantitative proteomics, employing chemical stable isotope labeling and multidimensional fractionation. 
Results: A core set of > 1700 proteins was reliably identified and quantified. Limma statistics and gene ontology enrichment highlighted clusters 
of depleted or enriched proteins upon LVAD therapy. Of particular note are reduced myocardial levels of matricellular proteins (e.g. periostin), 
complement proteins, and natriuretic peptides A. These findings are corroborated by multiple, published reports. In contrast to the impact on 
matricellular proteins, the extent of cardiac fibrosis, assessed by Sirius Red staining, was not significantly affected by LVAD therapy; thus 
highlighting the distinct roles of matricellular proteins in the extracellular milieu. Generally, we observed prominent heterogeneity in the 
proteomic response to LVAD therapy. In addition, via bioinformatic analysis, we observed that LVAD therapy affected endogenous proteolytic 
processing in the myocardium, with an impact on several canonical cleavage sites. 
Conclusions: Our findings suggest a pronounced and likely beneficial impact of LVAD therapy on the myocardial proteome composition. 
 
 
HUPO04 
In-depth Protein Expression Analysis of Histamine Stimulated Human Umbilical Vein Endothelial Cells to Evaluate Functional 
Selectivity of Histamine Receptor Ligands 
P. E. Emirbayer1, A. Sinha2,3, V. Ignatchenko2, T. Kislinger2,3, M. Pischetsrieder1 
1Friedrich-Alexander Universität Erlangen-Nürnberg, Erlangen, Germany 
2Princess Margaret Cancer Centre, Toronto, Canada 
3University of Toronto, Department of Medical Biophysics, Toronto, Canada 
 
Histamine receptors are a sub-class of GPCRs, which activate for example intracellular immune response. Therefore, their ligands are important 
drugs for example against allergic reactions. Functional selective ligands bind to the target receptor with similar affinity, but trigger different 
cellular reactions, e.g. by selective activation of G protein- and/or ɓ-arrestin pathways. This biased signaling may lead to drugs with a more 
specific activity and less side effects. For an evaluation of functional selective histamine receptor ligands, a comprehensive analysis of cellular 
protein expression upon their receptor binding is required. 
The first step of our study was therefore to analyze in-depth changes of protein expression upon histamine stimulation of human umbilical vein 
endothelial cells (HUVECs) using shotgun proteome analysis. Based on these results, target proteins were selected for subsequent SRM 
analysis. For this purpose, changes of intra-cellular and secreted proteomes of HUVECs with and without histamine treatment were analyzed by 
nano-flow liquid chromatography coupled to an Orbitrap tandem mass spectrometer using label-free quantification via MaxQuant software. The 
quantification of selected secreted proteins was later confirmed by parallel reaction monitoring. 
Thus, 6651 protein groups (PGs) were identified in total. In histamine-treated HUVECs, 125 secreted PGs and 144 PGs in the whole cell lysate 
showed expression levels, which were biologically and/or statistically significantly altered compared to the untreated control. In addition, we 
identified several proteins, which are part of known G protein and ɓ-arrestin signaling pathways. Further pathway analysis confirmed the 
significant enrichment of the NF-əB and TNF signaling pathways, cytokine-cytokine receptor interactions and local acute inflammatory response. 
From the identified proteins, 17 were selected for subsequent gene expression analysis in the SRM mode. 
Parallel protein identification and quantification provided an overview of cellular responses to the endogenous histamine receptor ligand. Now, 
GPCR mediated signaling can be monitored in a multidimensional manner allowing the evaluation of the pharmacological properties and drug 
efficacy at an early stage of the drug development. 
 
 
HUPO06 
Plasma Proteomics in Epidemiology: 
Very Low-Density Lipoprotein Associated Apolipoproteins PredictCardiovascular Events and Are Lowered by Inhibition of ApoC-III 
M. Mayr1 
1Kingôs College London, Kingôs British Heart Foundation Centre, London, United Kingdom 
 
Routine apolipoprotein measurements for cardiovascular disease (CVD) are restricted to apoA-I and apoB. Here, we applied a standard flow 
liquid chromatography mass spectrometry (LC-MS) method to samples from the community-based longitudinal Bruneck Study (year 2000 
evaluation, n=668). We have reduced the run time to almost a third of the nanoflow LC-MS approach. In addition, the standard flow method also 
offered less variation in protein measurements. The associations of 13 apolipoproteins, 135 lipid species, and 211 other plasma proteins with 
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incident CVD (91 events of stroke, myocardial infarction, or sudden cardiac death) were assessed prospectively over a 10-year period (2000-
2010). The apolipoproteins most significantly associated with incident CVD were apoC-II (hazard ratio per 1 standard deviation, 95% confidence 
interval: 1.40, 1.17-1.67), apoC-III (1.38, 1.17-1.63), and apoE (1.31, 1.13-1.52). Associations were independent of high-density lipoprotein 
(HDL) and non-HDL cholesterol and extended to stroke and myocardial infarction. The lipidomic and proteomic profiles implicated these 3 very-
low-density lipoprotein (VLDL)-associated apolipoproteins in de novo lipogenesis, glucose metabolism, complement activation, blood 
coagulation, and inflammation. Notably, apoC-II/apoC-III/apoE correlated with a pattern of lipid species previously linked to CVD risk. Next, 
changes in apolipoprotein and lipid levels following treatment with volanesorsen, a second-generation antisense drug targeting apoC-III, were 
determined in two human intervention trials, one of which was randomized. ApoC-III inhibition by volanesorsen reduced plasma levels of apoC-
II, apoC-III, triacylglycerols, and diacylglycerols, and increased apoA-I, apoA-II, and apoM (all P<0.05 vs. placebo) without affecting apoB-100 
(P=0.73). In summary, the multiplexing capability of LC-MS increases throughput and reduces the costs of large-scale protein measurements in 
epidemiological cohorts. The strong associations of VLDL-associated apolipoproteins with incident CVD in the general community provide 
support to the concept of targeting triacylglycerol-rich lipoproteins to reduce risk of CVD. 
 
 
HUPO07 
Exogenous blood plasma peptides 
G. Arapidi1,2, M. Osetrova1,2, T. Saveleva1,2, P. Pavlovich1,2, O. Ivanova1, V. Shender1, I. Butenko2,3, N. Anikanov1,3, R. Ziganshin1, V. Ivanov1 
V. Govorun1,2,3 
1Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, Laboratory of proteomics, Moscow, Russian 
Federation 
2Moscow Institute of Physics and Technology (State University), Laboratory of systems biology, Moscow, Russian Federation 
3Federal Research and Clinical Center of Physico-Chemical Medicine, Laboratory of proteomics, Moscow, Russian Federation 
 
Blood as connective tissue may contain peptide fragments of any protein of an organism. Among peptides found in blood are protein fragments 
secreted by different tissues and performing their function in plasma, receptor ligands (hormones, cytokines, cell response mediators). In 
addition, minor amount of peptide markers of the processes occurring in the body can be detected in blood (for example, tumor markers), even 
foreign peptides related to pathogenic organisms and infectious agents. The study of blood peptidome can provide information about almost all 
processes occurring in the body. 
We performed LC-MS/MS analysis of blood plasma samples of 20 healthy donors. Sample preparation was carried out based on our previously 
developed high effective and reproducible method of peptide extraction from human serum and plasma. We used a cooperation approach for 
identification, based on two search engines (Mascot, and X! Tandem) and validation based on machine learning, chromatographic retention time 
and analysis of synthetic peptide spectra. We searched the database of known human protein sequences, transcripts which are now referred to 
as long non-coding RNAs and proteins of various human microbiotas. 
As a result of mass spectrometric analysis of healthy donors blood plasma we identified more than 4000 unique peptide fragments of human 
proteins, about 30 peptides related to transcripts that were previously considered as long non-coding RNAs and more than 400 peptides related 
to microorganisms belonging to different human microbiotas. Peptide identifications were confirmed by a number of bioinformatics approaches 
and with the help of synthetic peptides. 
This work was supported by the Russian Science Foundation (project No. 14-50-00131). 
 
 
HUPO08 
Proteomic and Lipidomic differences of the plasma elimination rate of current lipoprotein apheresis methods 
G. Schmitz1, S. Wallner1, S. Matysik1, J. Gräßler2, C. Borchers3, U. Julius2, H. E. Meyer4 
1Institute for Clinical Chemistry and Laboratory Medicine, University Hospital Regensburg, Regensburg, Germany 
2Apheresis Center at the University Hospital Carl Gustav Carus at the Technische Universität Dresden, Dresden, Germany 
3Proteome Center, University of Victoria, BC, Canada, Victoria, BC, Germany 
4Leibniz-Institut für Analytische Wissenschaften - ISAS - e. V. , Dortmund, Germany 
 
Introduction: Lipoprotein apheresis allows the elimination of plasma-lipoproteins in high-risk patients for atherosclerosis. Functional principles 
include filtration (MDF, MONET), adsorption (Liposorber D, Therasorb and DALI) and precipitation (HELP). We performed proteomic, lipidomic 
and miRNA analysis before and after apheresis to identify differences between the apheresis methods. 
Materials and Methods: 79 patients with elevated LDLc or Lp(a) were randomized to one of six different treatment groups. MALDI-TOF-
Proteomics was performed for 123 proteins, ESI-MS/MS-Lipidomics for 450 species and genome wide miRNA analysis before/after apheresis. 
Results: All apheresis methods efficiently eliminate LDL and Lp(a) particles, but there are significant differences for VLDL and HDL (MONET), 
sdLDL (Liposorber D, Therasorb), and extracellular vesicle (EV) associated proteins, lipids and miRNAs. HDL-proteins and lipids were most 
affected by the filtration methods MDF and MONET. In general, proteomic and lipidomic changes are highly dependent on the used apheresis 
methods which eliminate complexes differencing in their elimination rate as soluble proteins, lipoproteins or EVs. The inflammatory potential 
(acute phase, complement, thrombosis/hemostasis) varies between the apheresis methods. Therasorb led to a stronger reduction of the 
neuronal disease marker ApoD than other used methods. Analysis of the elimination rate of microparticle bound proteins and miRNAs indicates 
that the apheresis methods differ also in their efficiency to eliminate EV and non-EV components, and that miR451a (micro 
hemolysis/erythropoiesis), miR574-5p, miR923, miR940 and miRNA1281 (bile acid metabolism) are significantly altered during apheresis, most 
potently by DALI-apheresis. 
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Conclusion: All techniques lowered standard lipoprotein parameters comparably. However, there are method specific differences in the impact 
on individual proteins and lipid species, EVs and lipoprotein subclasses (e.g. remnants, sdLDL, PLTP-rich HDL and miRNAs, showing that the 
methods clearly differ in their efficacy to eliminate therapeutic targets. Proteomic, lipidomic and epigenetic analysis may help to better stratify 
individual patients for the most efficient apheresis method. 
 
 

Abstracts presendet at News Corner 
 
NC01 
Comparison of different proteomic sample preparation protocols for quantity limited material 
U. Distler1, M. Sielaff1, S. Tenzer1 
1UMC Mainz, Institute for Immunology, Mainz, Germany 
 
Introduction: Sample preparation and processing highly impacts the sensitivity, accuracy and reproducibility of any bottom-up proteomics 
workflow. Over the past years, several protocols have been introduced that aim at the preparation of samples, which are limited in quantity. 
Objectives: We carried out an independent comparison between the recently described Single-Pot Solid-Phase-enhanced Sample Preparation 
(SP3)1, Filter Aided Sample Preparation (FASP)2 and a commercial kit based on the in-Stage Tip (iST) method3 and assessed their performance 
for the processing of proteomic samples in the low ɛg range. 
Methods: Varying amounts of HeLa cell lysate (20-1.25 ɛg of protein) were processed using either SP3, FASP or the commercial sample 
preparation kit from PreOmics GmbH (Martinsried, Germany)1-4. Tryptic digests were analyzed by LC-MS analysis on a Synapt G2-S HDMS 
mass spectrometer (Waters) coupled to a nanoAcquity UPLC system (Waters). Data were acquired in DIA (UDMSE) mode as described before4. 
Data processing and analysis was performed in PLGS 3.02 (Waters) and ISOQuant4. 
Results: In the present study we focused on the preparation of starting material in the low ɛg range (20-1.25 ɛg of protein). Processing protein 
amounts below 10 µg, we found that SP3 outperformed FASP in terms of numbers of identified peptides and proteins as well as in quantitative 
reproducibility. SP3 and iST showed very similar performance. When digesting 1.25 µg of starting material both methods still enabled the 
identification of around 3,000 proteins and between 25,000 to 30,000 peptides. On average, the quantitative reproducibility between technical 
replicates was slightly higher in case of SP3 (R2= 0.99 (SP3); R2= 0.91 (iST)). 
Conclusion: We found that the SP3 protocol introduced by Hughes et al.1 showed the best performance as compared to FASP and iST when 
only minute amounts of starting material (i.e. 1 ɛg of proteins) were available. 
References 
[1] Hughes, C.S. et al. Mol Syst Biol 10, 757 (2014). 
[2] WiŜniewski. J.R., Zougman, A., Nagaraj, N., Mann, M. Nat Methods 6, 359-362 (2009). 
[3] Kulak, N.A. et al. Nat Methods 11, 319-324 (2014). 
[4] Distler, U., Kuharev, J., Navarro, P., Tenzer, S. Nat Protoc 11, 795-812 (2016). 
 
 
 
NC02 
Detecting the special ones: automated identification of modifications and mutations in MS/MS VIRUS proteomics data using tag-
based searching 
F. Hartkopf1, T. Muth1, J. Doellinger2, B. Y. Renard1 
1Robert Koch Institute, Research Group Bioinformatics (NG 4), Berlin, Germany 
2Robert Koch Institute, ZBS 6: Proteomics and Spectroscopy, Berlin, Germany 
 
Within the last decade, mass spectrometry-based analyses have become much faster and more accurate due to improved instrumentation. 
Hence, this matured performance enables the robust protein identification in proteomic studies. While the analysis of the human proteome is 
performed in routine fashion, proteomic studies of smaller (non-model) organisms, such as viruses, still result in an unsatisfying outcome. The 
most common obstacles present high mutation rate and decreased proteome size of viruses. Another handicap is the processing of mixed 
samples, consisting of human proteins, virus proteins of different strains and sample contaminants. In particular, contaminations lead to 
chemical modifications of peptides or an addition of compounds foreign to the sample. 
To overcome these shortcomings, we here present a computational proteomics workflow which provides sensitive protein identification with the 
key features of detecting mutations and modifications. In our pipeline, the first step is to identify spectra that are detectable by classic database 
search using MS-GF+ [2] for protein identification. In the second step, de novo sequencing is used for processing unidentified spectra, while 
unidentified spectra from the previous database search are excluded to decrease the overall running time. The algorithm Novor [3] is used for 
reliable generation of sequence tags based on their amino acid score. The tags are used for subsequent peptide identification to detect 
mutations and modifications using calculated mass shifts. In a refined database search round, most unidentified spectra can be linked to specific 
peptides, proteins and eventually species. 
The workflow was evaluated on experimental and simulated MS data and yielded high confident results. Since the search parameters are fully 
customizable, our tools can be applied beyond the specific use case of virus and pathogen proteomics. To reach a high interest in all disciplines, 
the pipeline is surrounded by a user-friendly graphical interface in addition to the option to run it via command line for batch analysis and 
benchmarking. Since strain separation by high throughput methods becomes more valuable for virus proteomics [3], the inclusion of this feature 
is inevitable for this pipeline. 
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References  
[1] Ma B, Novor: real-time peptide de novo sequencing software. J. Am. Soc. Mass Spectrom. (2015) 26:1885-1894 
[2] Kim, S and Pevzner, PA. MS-GF+ makes progress towards a universal database search tool for proteomics. Nat Communications, 2014, 
5:5277 
[3] Doellinger J, Schaade L and Nitsche A. Comparison of the Cowpox Virus and Vaccinia Virus Mature Virion Proteome: Analysis of the 
Species- and Strain-Specific Proteome. 2015, PLOS ONE|DOI:10.1371/journal.pone.0141527 
 
 
NC03 
Integrated reporting of search results from sequence databases and spectral libraries 
J. Cottrell1, D. Creasy1, V. Koskinen1, F. Ripp1 
1Matrix Science Ltd., London, United Kingdom 
 
The potential advantages of spectral library searching for peptide identification are well known [1], and the method is generally viewed as 
complementary to searching sequence databases. One barrier to the wider use of spectral libraries has been the complication of reconciling 
separate sets of search results. 
In Mascot Server 2.6, we have integrated searches of Fasta files with spectral library searches using MSPepSearch from NIST [2]. When 
submitting a search, any combination of amino acid Fasta files, nucleic acid Fasta files, and spectral library files can be selected. On completion 
of a search, all matches are presented in a single report, formatted as a protein family summary [3]. 
Protein inference for library search results presents a challenge. The entries in a library are peptides, not proteins, which means that protein 
level information is only present as annotations. Such annotations are optional, and may be missing entirely. Even if present, the reliability is 
unknown and annotations rarely extend to more than a single accession per library entry, which means that protein inference will be inaccurate 
for shared peptides. 
Our solution is to require a reference Fasta database to be specified for each library file when it is added to the system. The default is 
SwissProt, with an appropriate taxonomy filter, but any online Fasta can be chosen. This permits most library entries to be mapped to the 
accessions in the reference database. This mapping is done at the sequence level, with no constraints from enzyme specificity. 
For an integrated report to work, the expect values for the library and Fasta matches need to be on a similar scale. This is achieved by selecting 
the set of spectra where the library and Fasta return the same match and the Mascot match is significant. Expect values are assigned to the 
library scores so that the distributions have the same mean and variance for both library and Fasta. 
References: 
1. Griss, J. (2016). "Spectral library searching in proteomics." Proteomics 16(5): 729-740. 
2. Stein, S. and Scott, D. R. (1994). "Optimization and testing of mass spectral library search algorithms for compound identification." J. Am. 
Soc. Mass Spectrom. 5: 859-66. 
3. Koskinen, V. R., Emery, P. A., Creasy, D. M. and Cottrell, J. S. (2011). "Hierarchical Clustering of Shotgun Proteomics Data." Molecular & 
Cellular Proteomics 10(6). 
 
 
NC04 
Accelerating Data Independent Acquisition with Microflow Chromatography 
Z. Demianova1, J. Dojahn1, N. Morrice2, R. Van Soest3, C. L. Hunter3 
1Sciex, Darmstadt, Germany 
2Sciex, Warrington, United Kingdom 
3Sciex, Redwood shores, United States 
 
Introduction: Data independent acquisition (DIA) strategies have been used to increase the comprehensiveness of data collection while 
maintaining high quantitative reproducibility. Many labs are now using DIA to perform larger scale quantitative proteomic experiments with solid 
reproducibility on 1000s of proteins in complex matrices. As this technique increasingly proves to be a solid tool for biomarker research, larger 
sample sets are being analyzed, driving the need for further investigation of workflow improvements for throughput and robustness. Here 
microflow LC with 15cm columns and 45-60min gradients was investigated in combination with SWATH® acquisition, to assess depth of 
coverage and robustness relative to current nanoflow strategies. In addition we describe the improvements in protein quantitation coverage with 
SWATH® acquisition using longer µLC columns and gradients. 
Methods: Separation of a trypsinated HEK cell lysate was performed on a NanoLCÊ425 System (SCIEX) operating in microflow mode using a 
single 15 cm x 0.3 mm ID 3 µm C18 column, and a 30 cm long column by coupling two columns together. Gradients of 45 and 90 minutes 
where used. Total protein injected on column ranged from 1 ï 8 µg. The MS analysis was performed on a TripleTOF® 6600 system (SCIEX). 
Variable window SWATH® Acquisition methods were built using Analyst® TF Software 1.7. Replicate injections of each acquisition condition 
were processed using SWATH® 2.0 Software. All protein and peptide numbers reported were determined at <1%FDR and <20% CV across the 
5 replicates collected. 
Results and discussion: Higher sample loads up to 8µg and increasing numbers of variable sized Q1 windows provided progressively more 
quantified peptides and proteins. Under the final conditions, ~5000 proteins can be quantified from a cell lysate protein in a 1 hour time frame. In 
comparison to previous nanoflow results, we achieved ~85% of the quantified proteins but with ~400% higher throughput. 
Increasing column length to 30 cm and using the same gradient showed only a minimal improvement. When combining the use of a longer 
column with the 100 min gradient, increased numbers of quantifiable peptides/proteins were seen (27%, 17%). 
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When more sample is available to move to the higher flow rate regime, very high reproducibility is achievable with faster run times. 
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NC05 
QuiC ð a fast, easy to use QC monitor that allows you to generate QC readouts in real time from raw files of various vendors and 
workflows (MRM, PRM, DIA, DDA) 
I. Lienert1, F. Marty1, L. Reiter1 
1Biognosys AG, Schlieren-Zurich, Switzerland 
 
LC-MS based proteomics has become the method of choice for the identification and quantification of a high number of proteins in large sample 
sets, for example in large cohort studies. Robust and accurate quality controls (QC) during data acquisition are essential to ensure that high 
quality data with low systematic errors is collected. Biognosys has developed a QC tool that is simple, easy to use and interpretable by non-
mass spec experts. The tool handles all proteomics workflows across different vendors: it generates QC readouts from raw files of Thermo 
Fisher and Sciex mass spectrometers across multiple workflows (MRM, PRM, DIA, DDA). The tool provides an active queue of per-run QC 
analyses that supports real-time folder monitoring. Moreover, iRT peptide-based readouts are also provided for all workflows, while for DIA and 
DDA a background library can be specified and additionally targeted to better QC the samples and sample processing. This tool enables users 
to judge data quality and intervene as needed to prevent sample loss, LC-MS troubles and low data quality. 
 
 
NC06 
Microfluidic free-flow electrophoresis for protein separation 
P. Novo1, M. Dell' Aica1, R. P. Zahedi1, D. Janasek1 
1Leibniz-Institut fuer Analytische Wissenschaften ï ISAS ï e.V., Dortmund, Germany 
 
Microfluidic free-flow electrophoresis (ɛFFE) grants several advantages as compared to the bench-top format, such as faster separation of 
minute sample amounts as those typically processed in proteomic workflows. Furthermore, it offers the possibility for direct coupling to other 
downstream methods such as mass spectrometry. However, existing literature on the subject reveals fabrication issues that might compromise 
simplicity of application and limit its implementation in the laboratory. In this work we made the first steps to develop a simple to fabricate device, 
namely by the use of polycarbonate membranes for separating electrode reservoirs from the microfluidic chamber where analytes are separated 
by ɛFFE. To assess our initial developments potential, we performed the separation of a seven protein mixture in isoelectric focusing mode with 
fluorescence microscopy monitoring and in zone electrophoresis mode with mass spectrometry (MS) validation. 
Develop a device for the separation of proteins/peptides from complex mixtures such as cell lysates for proteomic applications. 
The microfluidic device comprises 4 inlets for the injection of analytes and sheath buffers, 9 outlets for analyte separation into fractions, a 
microfluidic chamber separated from reservoirs at the sides via polycarbonate membranes. Electrodes placed at the side reservoirs are used to 
apply an electric field at the separation chamber causing charged analytes to deviate perpendicularly to the flow direction. Sodium hydroxide, 
phosphoric acid, and a protein mixture of known pI"s dissolved in milliQ water containing carrier ampholytes were used to demonstrate 
separation in isoelectric focusing mode. HEPES/bis-tris buffer and the same protein mixture dissolved in HEPES/bis-tris were used to 
demonstrate the separation in zone electrophoresis mode. 
Figure 1 and 2 show the separation of protein pI markers in isoelectric focusing and zone electrophoresis modes, respectively. The results 
validated by MS show the separation of proteins into 9 fractions, a substantial complexity improvement as compared to existing literature in the 
field. 
A microfluidic device of simplified fabrication procedures and for the separation of proteins was demonstrated. Future work will be performed at 
further simplifying fabrication procedures, increasing the number of outlets for increased separation resolution and optimizing protein separation 
protocols. Currently, we are working on the separation of proteins from whole cell lysates and its validation by mass-spectrometry. 
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NC07 
Proteotyping enables grouping and classification of biogas plant microbiomes 
R. Heyer1, F. Kohrs1, D. Benndorf1, K. Schallert1, J. deVrieze2, E. Rapp3, U. Reichl1,3 
1Otto von Guericke University Magdeburg, Magdeburg, Germany 
2Ghent University, Center for Microbial Ecology and Technology, Ghent, Belgium 
3Max Planck Institute for Dynamics of Complex Technical Systems Magdeburg, Bioprocess Engineering, Magdeburg, Germany 
 
Introduction 
Proteotyping is the classification and grouping of samples based on their protein profiles. It can be applied to the analysis of microbial 
communities from the environment and industry as well as animals and humans. 
Objectives 
In this study it was used to monitor the microbial communities of 40 biogas plants (BGP) and detect process disturbances [1]. 
Materials and Methods 
The applied workflow comprised protein extraction with phenol, tryptic digestion, peptide separation by liquid chromatography coupled to 
tandem MS (Elite Hybrid Ion Trap Orbitrap), and data analysis using the MetaProteomeAnalyzer software [2]. Subsequently, sample similarity 
was investigated by cluster analysis and principal component analysis based on the identified metaproteins, taxonomies and Uniprot keywords 
of biological processes. Finally, a correlation analysis was performed for process parameters and the identified groups. 
Results 
In general, BGP microbiomes were time stable and could be associated to subgroups related to process temperature, reactor design and 
feedstock. Alterations in this grouping could be linked to changes in substrate supply and process temperature. In one instance, a strong shift in 
the protein profile was linked with a major drop in the biogas production caused by acidification. 
Conclusion 
Application of large-scale microbiome proteotyping enabled the identification of correlations between process parameters, process states and 
microbial communities. 
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[1] Heyer, R., et al. (2016). Proteotyping of biogas plant microbiomes separates biogas plants according to process temperature and reactor 
type. Biotechnology for Biofuels, 9, 155 
[2] Muth and Behne et al. (2015). The MetaProteomeAnalyzer: a powerful open-source software suite for metaproteomics data analysis and 
interpretation. J Proteome Res.14, 1557-1565. 
 
Figure 1 
 

 
 
 
NC08 
Protein arginine phosphorylation in Staphylococcus aureus 
S. Junker1, S. Maaß1, A. Otto1, M. Hecker2, D. Becher1 
1Institute for Microbiology, Microbial Proteomics, Greifswald, Germany 
2Institute for Microbiology, Greifswald, Germany 
 
Staphylococcus aureus emerged as an important human pathogen and is the causative agent of a high number of nosocomial infections. 
Therefore, investigation of the phosphoproteome will help to decipher molecular and cellular mechanisms that underlie pathogenesis and 
virulence. In addition to the well-known phosphorylations on serine, threonine and tyrosine residues and phosphorylations on cysteine, histidine 
and aspartate residues, the phosphorylation at arginine residues is likely to play an essential, but mostly still unknown role in Gram positive 
bacteria. Therefore we decided to study arginine phosphorylations in greater detail. 
S. aureus COL possesses the protein PtpB which was assumed to be an arginine phosphatase. The construction of the deletion mutant æptpB 
therefore aimed to increase the level of arginine phosphorylations, making them more accessible to proteomic analyses. Hence, we applied a 
gel-free method to analyze the changes in the phosphoproteome of the deletion mutant æptpB and the wild type, thereby focusing on arginine 
phosphorylations.  
In order to enhance the number and reproducibility of identified phosphorylation sites at arginine residues, a subset of arginine phosphorylated 
peptides was chemically synthesized. The analysis of synthetic peptides and experimental data by spectral library based methods provides an 
additional tool (besides classical database search) to address the challenges of analyzing arginine phosphorylations. We provide a combined 
spectral library based on phosphoenriched samples, synthetic arginine phosphorylated peptides and classical proteome samples covering 84% 
of the theoretically predicted proteome. 396 arginine phosphopeptides allowed the identification of 207 arginine phosphorylations exclusively 
within the mutant after spectral library search. This identification of putative targets of PtpB allows further investigation of the physiological 
relevance of arginine phosphorylations and provides the basis for reliable quantification of arginine phosphorylations in S. aureus. 
 
 
NC09 
Identifying coding genomic variants in proteome analysis without the customized genomic databases. 
M. V. Ivanov1,2, L. I. Levitsky1, A. A. Lobas1, S. A. Moshkovskii3,4, M. V. Gorshkov1,2 
1Institute for Energy Problems of Chemical Physics, Russian Academy of Sciences, Moscow, Russian Federation 
2Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russian Federation 
3Institute of Biomedical Chemistry, Moscow, Russian Federation 
4Pirogov Russian National Research Medical University, Moscow, Russian Federation 
 
1. Introduction 
Proteogenomic studies are focused on identification of variant peptides using customized databases. For these searches, either exome, or 
RNA-seq data, are required, while the variant identification without using the customized databases is challenging. Yet, the identification of 
somatic mutations expressed at the proteome level without a need for exome sequencing is appealing and benefiting personalized medicine 
approaches, especially, in the cancer research. 
2. Objectives 
The main objective of this work was developing approaches for variant peptide identification without a use of customized databases of mutant 
proteins. 
3. "Materials & methods" 
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The first proposed startegy is a modification of the "open-search" approach, where the mass tolerance was increased for mass ranges where 
amino acid changes are possible only. The second strategy tested was a "brute force" approach based on varying the single amino acid 
residues in the sequences of targeted proteins. Both strategies were tested on publicly available LC-MS/MS and exome data of NCI-60 cancer 
cell lines. The workflows developed in this work were further integrated within the in-house developed Python-based open-source proteomic 
search engine Identipy. 
4. Results 
The sensitivity of the two proposed strategies were compared with the most common proteogenomic approaches employing a customized 
genomic database generated using exome data. Overall, 50% of variant peptides identified using customized databases still can be found by 
the proposed strategies. At the same time, we found highly confident variant identifications, yet not confirmed with exome database. These 
identifications can be attributed to peptide sequence modifications mimicking single amino acid substitution with identical mass changes. The 
scale of this effect and its consequences for the "standard" proteogenomic search using the customized database was also evaluated. 
5. Conclusion 
The proposed strategies have lower sensitivity and specificity compared with proteogenomic approaches employing the customized database. 
However, they are not requiring the exome/RNA-seq data. Also, these approaches reveal the problem of potentially significantly underestimated 
FDR for the existing proteogenomic workflows. 
 
 
NC10 
Tissue homogenization for proteomics by laser ablation with the picosecond infrared laser 
H. Schlüter1, M. Kwiatkowski1, M. Wurlitzer1, M. M. Fuh1, L. Heikaus1, P. Steffen1, R. Nimer1, A. Krutilin1, N. O. Hansen2, S. Uschold2, 
H. Petersen3, D. Miller2 
1University Medical Center Hamburg-Eppendorf, Mass Spectrometric Proteomics, Hamburg, Germany 
2Max Planck Institute for the Structure and Dynamics of Matter , Hamburg, Germany 
3University Medical Center Hamburg-Eppendorf, Department of Otolaryngology, Hamburg, Germany 
 
Introduction: Tissue homogenization is a critical step in the analysis of proteomes. By mechanical homogenization often not all parts of the 
tissues are well dissolved. As a result, the fraction of insoluble material of the tissue is remaining in the sample, which after centrifugation 
usually is discarded and therefore the proteins within this fraction are lost. Furthermore to the insoluble material other proteins my bind by 
absorption and thus are also lost after removing the pellet after centrifugation. 
Objectives: The picosecond infrared laser PIRL), developed by Dwayne Miller, is promising to yield more homogenous homogenates via laser 
ablation because of the desorption-by-impulsive-excitation (DIVE) effect. 
Materials & methods: We tested PIRL as a tool for homogenizing different tissues with different rigidities like brain tissue, liver tissue and muscle 
tissue. In addition we compared the efficacy of sampling tissue with PIRL homogenization and with classical mechanical homogenization by 
analyzing the resulting homogenates with SDS-PAGE, 2-dimensional electrophoresis (2DE) and bottom-up proteomics. 
Results: In PIRL-tissue homogenates we observed a higher yield of total protein amounts, a higher yield of the number of proteins identified with 
proteomics and lower number of proteins which are proteolyzed during the homogenization process. These positive results can be explained by 
a much more homogenous homogenate containing no insoluble materials and a very fast ablation process reducing the rate of proteolysis after 
release of proteases from their compartments. 
Conclusion: In summary PIRL is a more efficient instrument for the homogenization of tissues than conventional homogenization methods giving 
a better access to the original protein species composition being present in the intact tissue. 
 
 
NC11 
Adaptation of the filamentous fungus Aspergillus nidulans to low temperature stress  
B. Hanf1, T. Krüger1, B. Bunk2, D. Mattern1, J. Overmann2, O. Kniemeyer1,3, A. A. Brakhage1,3 
1Leibniz Institute for Natural Product Research and Infection Biology ï Hans-Knöll-Institute, Department of Molecular and Applied Microbiology, 
Jena, Germany 
2Leibniz Institute DSMZ ï German Collection of Microorganisms and Cell Cultures, Microbial Ecology and Diversity Research, Braunschweig, 
Germany 
3Friedrich Schiller University, Institute of Microbiology, Department of Microbiology and Molecular Biology, Jena, Germany 
 
Natural products serve as mediators of biological communication and as a valuable source for pharmacologically relevant components. The 
genes involved in the production of these compounds are usually organized in clusters. To elucidate the variety of natural compounds produced 
by an organism, different stress factors can be applied to induce silent gene clusters. Fungi naturally encounter sharp temperature shifts in their 
environment. To explore the range of bioactive compounds formed at low temperature stress we investigated the transcriptome and proteome 
profile of A. nidulans at 10 and 37 °C. 
As a response to low temperature stress, genes involved in the categories of cold stress protection, cell development and biosynthesis of 
natural products were up-regulated. These findings were confirmed on the protein level via a comparative gel-based (DIGE) and gel-free (LC-
MS/MS) proteomic approaches. Moreover, the specific formation of natural products at low temperature was confirmed at the metabolite level by 
LC-MS/MS. Our analyses revealed on genetic and protein level the induction of factors, which regulate the sexual cycle in A. nidulans. On 
metabolic level the sporogenic factor PsiA was found, which regulates the spore balance between asexual and sexual spore development. In 
addition, some of the identified secondary metabolites like asperfuranone have been reported to trigger morphological differentiation and to 
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exhibit anti-proliferative activity. Further activated secondary metabolite gene clusters have unknown functions. Experiments for the 
characterisation of the biological role of these cryptic gene clusters are on-going. 
In summary, our study demonstrates that low temperature stress induces the production of a variety of secondary metabolites in A. nidulans and 
represents a strategy to exploit the potential of filamentous fungi as sources of secondary metabolites. 
 
 
NC12 
MSqRob: analysis of label-free proteomics data in an R/Shiny environment 
L. Goeminne1,2,3,4, E. Van Quickelberghe2,3, K. Gevaert2,3,4, L. Clement1,4 
1Ghent University, Department of Applied Mathematics, Computer Science and Statistics, Gent, Belgium 
2VIB/Ghent University, VIB Medical Biotechnology Center, Gent, Belgium 
3Ghent University, Department of Biochemistry, Gent, Belgium 
4Ghent University, Bioinformatics Institute Ghent (BIG N2N), Gent, Belgium 
 
Analysis of label-free quantitative mass spectrometry data is often challenging. Protein sequences are never completely covered and peptides 
identified in a given sample are often missing other samples. Common software tools have point-and-click graphical user interfaces, but often 
provide inefficient or even inappropriate statistical inference. Moreover, they are often based on protein-level abundance values obtained after 
summarization of peptide-level data. We have shown that summarization-based pipelines perform suboptimal compared to peptide-based 
models in terms of sensitivity, specificity, accuracy and precision. However, even existing peptide-based models suffer from (1) overfitting, (2) 
unstable variances and (3) outliers. Consequently, these approaches often point out proteins with very small fold changes, either because they 
generated a lot of quantified peptides or because only very few peptides and a very small variance by random chance. 
Here we present MSqRob, an R package that implements the method of Goeminne et al. (2016) [1]. It tackles issues of existing peptide-level 
methods by three modular extensions: (1) ridge regression, (2) empirical Bayes variance estimation and (3) M-estimation with Huber weights 
and outperforms competing methods in terms of sensitivity, specificity and FDR estimation. MSqRob provides state-of-the-art statistical 
inference with simple and complex designs: it copes with multifactorial, block, repeated measures and time series designs, which cannot be 
analyzed properly in existing proteomics data analysis software. Finally, we also developed a Shiny graphical user interface (GUI) for MSqRob, 
which makes the analysis very user-friendly and requires no programming experience. Our contribution focuses on the use of the Shiny 
MSqRob GUI for data exploration, normalization, fold change estimation and statistical inference. This GUI also provides graphical point-and-
click tools to visualize the results in tables and volcano plots, and to evaluate the underlying normalized peptide level data of the discoveries. 
We illustrate our method on a case study with a repeated measures design that assesses early and late responses of inflammatory stimuli in 
macrophages of knockout and wild-type mice (Figure 1). In this study, the proteome of the same mouse is assessed over time. The advantage 
of this design is the increased statistical power because the between-subject variability can be eliminated from the estimation. However, the 
data are correlated, which requires the use of more advanced statistical models. An example of the GUI output is given in Figure 2. We found 
that the proteins discovered by MSqRob are relevant for the biological process under study. Moreover, MSqRob is also able to find proteins that 
are differentially regulated over time. 
1. Goeminne, L.J.E. et al., Peptide-level Robust Ridge Regression Improves Estimation, Sensitivity, and Specificity in Data-dependent 
Quantitative Label-free Shotgun Proteomics. Molecular & Cellular Proteomics, 2016. 
 
Figure 1 
 

 
 
 
 



  Proteomic Forum 2017     13 

   

  

 
Figure 2 
 

 



  Proteomic Forum 2017     14 

   

  

 

Abstracts of Young Investigator presentations 
 
YIA1 
Profiling the phosphotyrosine interactome of receptor tyrosine kinases 
R. Zheng1, C. Meng1, B. Kuster1,2,3 
1Technische Universitaet Muenchen, Chair of Proteomics and Bioanalytics, Freising, Germany 
2Partner Site of the German Cancer Consortium, Freising, Germany 
3Bavarian Biomolecular Mass Spectrometry Center, Freising, Germany 
 
Question 
Activation of receptor tyrosine kinases (RTKs) of human is known to induce phosphorylation of their tyrosine residues, which leads to the 
recruitment of proteins containing SH2 or PTB domains and then triggers the downstream signaling pathways. What are the shared and unique 
interactors of these 58 RTKs in driving these multiplex signaling events? 
Methods 
Around 900 phosphotyrosine peptides representing all intracellular tyrosine residues of the 58 RTKs were synthesized, coupled to sepharose 
beads and then used as baits to enrich the interactors from cell lysates in a 96-well format. Bound proteins were digested with trypsin and 
sequenced by nLC-MS/MS on an Orbitrap mass spectrometer, followed by the protein identification and quantification in Maxquant. 
Results 
Among these binding partners, protein kinases were identified as a predominant group, while some other interesting interactors such as E3 
ubiquitin-protein ligase CBL, which can promote the degradation of RTKs, also occupy several phosphotyrosine residues. Systematically 
mapping the interactome network of RTKs then reveals their relationship in participating in multiplex signaling cascades. For instance, the 
discoidin domain receptor tyrosine kinase 1 and 2 (DDR1 and DDR2) both interact with signal transducer and activator of transcription 2 
(STAT2) which can transduce the signal straightly into the nucleus and regulate the cell proliferation. This illustrates their potential similarity in 
transmitting the extracellular signals into the cell when activated by their respective ligands. However, Lymphocyte cytosolic protein 2 (LCP2), 
which gets involved in T-cell antigen receptor-mediated signaling cascades, bound to DDR2 specifically in the residue Y684. Compared to 
DDR2, DDR1 recruits a novel player: Cytokine-inducible SH2-containing protein (CISH), to possibly participate in the negative regulation of 
cytokines in JAK-STAT5 pathway by suppressing the tyrosine phosphorylation of STAT5. 
Conclusions 
The global analysis of the proximal interactome of the RTK family provides a deep insight into the redundant and specific signaling pathways 
mediated by receptor activation.  
 
 
YIA2 
Dynamics of protein synthesis and degradation in FLG22-stimulated arabidopsis 
P. Ihmor1, W. Gruissem1, M. Robinson2, K. Baerenfaller1 
1ETH Zurich, Zurich, Switzerland 
2Universität Zürich, Zürich, Switzerland 
 
Gene expression regulation is a multi-step process that shapes the most central aspects of a cell. At its core, it determines protein levels by 
regulating transcription, translation and protein degradation yet the relative contributions of these regulatory mechanisms are not well resolved 
on a systems-wide level, especially in plants. 
We quantified four aspects of gene expression on a time-resolved, genome-wide scale using RNA sequencing (RNA-Seq, transcription), 
ribosome footprint profiling (Ribo-Seq, translation), quantitative common-reference SILAC MS (protein abundance) and dynamic SILAC MS 
(protein degradation). All datasets were obtained from the same Arabidopsis cell cultures under control conditions or after stimulation with flg22, 
the elicitor-active epitope of bacterial flagellin. 
Analyzing the four datasets individually and in combination let us to the conclusion that the transcriptional and translational level showed the 
largest response to flg22 stimulation. Only few genes show divergences in translation compared to the transcriptional response. The protein 
data indicated that many but not all protein abundances followed the transcriptional and translational regulation. For the 123 proteins that 
maintained constant abundances despite transcriptional and translational upregulation, we could determine a coordinated increase in protein 
degradation, counteracting the upregulation in protein synthesis. 
Downregulated gene expression, in contrast, is mostly determined by a gradual reduction in transcription, which slowly affects the protein 
abundances. The speed in which the protein level respond to the transcriptional downregulation depends on the turnover rate of the individual 
protein.  
In conclusion, our data shows that protein levels are mostly determined by transcriptional regulation and to a lesser degree by protein 
degradation regulation. 
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YIA3 
Optimized de novo peptide sequencing and proteogenomics workflows to refine ab initio gene prediction 
B. Blank-Landeshammer1, L. Kollipara1, K. Biß1, T. Schell2, R. Zahedi1, M. Pfenninger2, A. Sickmann1 
1Leibniz-Institut für Analytische Wissenschaften - ISAS - e.V., Protein Dynamics, Dortmund, Germany 
2Biodiversity and Climate Research Centre (BiK-F), Frankfurt am Main, Germany 
 
Recently, the costs of whole-genome sequencing have steadily decreased and thus it is readily employed in many research areas, from clinics 
to biodiversity research. The growing availability of raw genomic sequences gathered from hundreds of different species demands accurate 
gene annotation methods. 
While commonly used gene prediction pipelines are sensitive, their findings require profound empirical validation. Proteome-level data can add 
valuable information not only by confirming the presence of predicted genes, but also in refining the protein-coding regions as well as in the 
discovery of priorly unpredicted gene products. 
Here, the pond snail Radix auricularia was chosen as model organism. Genomic data was obtained by shotgun sequencing and assembly of the 
reads as well as ab initio gene prediction (MAKER pipeline) were performed, serving as basis for further proteogenomics workflows. 
Sample preparation for LC-MS/MS was based mainly on FASP protocol. Samples were digested with various proteases and subjected to high-
/low-pH RP-RP LC separation prior to MS/MS analysis. Additionally, N-terminal peptides were enriched by charge-based fractional diagonal 
chromatography (ChaFRADIC). 
Two different search approaches were employed: Firstly, conventional database search against the predicted protein database. Non-matching 
spectra were further subjected to a two-step reductive search approach against the assembled genome. Secondly, an independent 
combinatorial de novo peptide sequencing workflow was developed in order to identify peptides independent of genomic data. This workflow 
was thoroughly quality-controlled and leads to a threefold increase of peptide hits at 5% FDR compared to a single algorithm approach. 
Thus, a comprehensive dataset of R. auricularia was generated. A total of 184,689 peptides could be identified as directly matching to predicted 
protein sequences, thereby confirming 50% of the annotated genes. Remarkably, another 26,015 peptides (1% FDR) were found to match 
regions of the genome not initially accounted for by gene prediction, while 28,328 peptides (5% FDR) were identified by de novo sequencing 
only. 
By introducing our novel combinatorial search approach for proteogenomics studies, this work provides a first refinement of the draft proteome 
of R. auricularia. 
 
 
YIA4 
Deciphering acute cellular response to X-ray-, proton- and carbon ion irradiation via quantitative proteomics and phosphoproteomics 
M. Winter1,2, I. Dokic2, R. Mayer1, U. Warnken1, A. Abdollahi2, M. Schnölzer1 
1German Cancer Research Center (DKFZ), Functional Proteome Analysis, Heidelberg, Germany 
2German Cancer Research Center (DKFZ), Translational Radiation Oncology, Heidelberg, Germany 
 
Question: Radiotherapy is a major field in cancer research. Recently particle radiotherapy came into focus. Contrary to X-rays, particles deposit 
most of their energy to a small region within tissue, the so-called Bragg peak. This enables dose escalation in the tumor while sparing healthy 
tissue. Differences between these radiation qualities at the molecular level are largely unknown or controversial. In order to improve this 
knowledge we applied mass spectrometry-based quantitative proteomics and phosphoproteomics. 
Methods: Human lung carcinoma cells were irradiated with 2 Gy carbon ions, 3.5 Gy protons and 6 Gy X-rays (representing biological 
equivalent doses) and harvested 2 h after irradiation to uncover acute cell response. For accurate quantification, cells were metabolically 
labeled using SILAC. GeLC-MS/MS was applied for protein expression analysis and IMAC/TiO2 affinity enrichment for analysis of the 
phosphorylation status. For validation of the obtained results and for functional studies synthetic isotope labeled phosphopeptides were used in 
a spike-in as well as in pull-down experiments. 
Results: We quantified 2634 proteins and 2818 phosphorylation sites in the irradiated samples. Negligible changes occur at protein expression 
level 2 h after irradiation. As phosphorylation is a much faster event than synthesis or depletion of proteins, we identified 181 radiation regulated 
phosphorylation sites. Interestingly, 55 of these show differential regulation between radiation qualities indicating for the first time differential 
signaling triggered by different sources of radiation. For validation of these results, 28 phosphopeptides were selected to be confirmed in a 
targeted spike-in approach using synthetic isotope labeled peptides. With this experiment we were able to confirm the selected candidates by 
checking co-elution of endogenous and synthetic peptides as well as their corresponding fragmentation pattern. For functional interpretation of 
these results we are currently establishing a synthetic phosphopeptide pull-down strategy to profile direct and phospho-specific binders of the 
selected phosphorylation sites. In a pilot experiment we successfully identified the direct binding of MDC1 and 53BP1 to the DNA double-strand 
break marker ɔH2AX confirming recently published results (Kleiner et al. 2015). 
Conclusions: We established a robust and efficient workflow for the investigation and validation of phosphorylation changes in response to 
radiation. We show for the first time, that X-ray and particle based irradiations induce differential signaling events. With this we provide an initial 
study to better understand molecular effects induced by different radiation qualities and offer potential drug targets for radiotherapy modulation. 
Figure 1: Experimental design of the proteome and phosphoproteome analysis to elucidate acute radiation response 
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YIA5 
Impact of gene overdosage in the hippocampus and cerebellum proteome and phosphoproteome 
M. Ortega1, I. De Toma2,3, E. Sabidó2,1,3, M. Dierssen2,3 
1Centre for Genomic Regulation, CRG, CRG/UPF Proteomics Unit, Barcelona, Spain 
2Centre for Genomic Regulation, CRG, Barcelona, Spain 
3Universitat Pompeu Fabra, Barcelona, Spain 
 
Trisomy of human chromosome 21 results in Down syndrome (DS), the most complex and common genetic perturbation leading to intellectual 
disability. A plausible candidate gene to explain DS phenotypic abnormalities is the dual-specificity tyrosine (Y)-phosphorylation kinase 1A 
(Dyrk1A), which regulates fundamental cellular functions and which overdosage recapitulates DS phenotypic alterations in transgenic mice 
(TgDyrk1A). Its normalisation through inhibition of DYRK1A kinase activity could be sufficient to rescue the cognitive and the neuronal 
phenotype. This could explain that epigallocatechin-3-gallate (EGCG), a green tea flavonol, which has DYRK1A inhibitory properties, improves 
the cognitive phenotype in trisomic Ts65Dn mice, as well as in DS humans. However, EGCG is a multi-targeted drug and thus, the molecular 
mechanisms of its beneficial effect remain elusive. 
We investigated the molecular effects induced by in vivo overexpression of Dyrk1A on the proteome and phosphoproteome of the hippocampus 
and the cerebellum of wild type and TgDyrk1A mice and the effect of EGCG. Quantitative proteomics data reveal that in vivo overexpression of 
Dyrk1A significantly alters cell functions such as mitochondrial regulation and cytoskeletal proteins, dysfunctions also found in DS patients. We 
also observed that EGCG can partially rescue DS-related protein abundance deficits in both tissues. Interestingly, increased Dyrk1A dosage in 
the cerebellum compared to the hippocampus causes major changes in transcriptional regulation affecting the proteome. 
The laboratory of M.D. is supported by DIUE de la Generalitat de Catalunya (Grups consolidats SGR 2014/1125). Supported by MINECO 
(SAF2013-49129-C2-1-R) and EU (Era Net Neuron PCIN-2013-060). The CRG is a Center of Excellence Severo Ochoa SEV-2012-0208. The 
CIBER of Rare Diseases is an initiative of the ISCIII. The CRG/UPF Proteomics Unit is part of the Plataforma de Recursos Biomoleculares y 
Bioinformáticos (ProteoRed) supported by grant PT13/0001 of ISCIII and Spanish Ministry of Economy and Competitiveness. We acknowledge 
support of Secretaria dUniversitats i Recerca del Departament dEconomia i Coneixement de la Generalitat de Catalunya (2014SGR678).  
 
 
YIA6 
Protein complex identification using combination of fractionation methods and label-free quantification of complexome changes 
M. Górka1, A. Graf1, S. Streb2 
1Max Planck Institute for Molecular Plant Physiology, Metabolic Networks, Potsdam, Germany 
2ETH Zurich, Zurich, Switzerland 
 
- Is it possible to identify and quantify protein complexes in high-throughput manner? 
- In this project we aimed to establish a map of protein complexes which can be reliably detected in the model organism - Arabidopsis thaliana. 
We used size exclusion chromatography (SEC), clear-native PAGE (CN-PAGE), blue-native PAGE (BN-PAGE) and analytical ultracentrifugation 
(AUC) for the fractionation of protein complexes. Fractions were prepared for mass spectrometry analysis and measurements were performed 
by nanoHPLC-MS/MS. The key point of our study was to invent an effective method for identification of protein complexes. We developed a 
platform which enabled us to perform such study in a high-throughput manner. 
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- The majority of quantified proteins were detected in size ranges indicating complex formation regardless of the employed separation 
technique. Based on these results, we aimed to identify potential interaction proteins using the fact that each subunit/protein of a protein 
complex should behave as integral entity during the fractionation and presumably display similar elution profiles. 
Following the deconvolution of protein profiles into isolated peaks we therefore calculated for each dataset the Euclidean distance for all 
combinations of deconvoluted peaks. To illustrate the trade-off in identification of interactions misclassified as positive (false positive rate) 
versus the proteins correctly classified as positive (true positive rate) the receiver-operator characteristic curve (ROC curve) for Euclidean 
distance was generated. 
To further validate our strategy, we examined the elution profiles of proteasome which is consequently used as a reference protein complex to 
test the quality of data sets. 
- Preservation of protein-protein interaction (PPI) during complex separation allowed us to discover hierarchical organization of protein 
complexes and enables to perform quantitative comparison study between the complexomes in different environmental conditions or genetic 
backgrounds that led to better understanding of mechanisms underlying cell regulation. Our approach can be applied to any biological system. 
Figure 1 Schematic overview of the experimental workflow.  
Figure 2 Graphical display of influence of combination different experiments and fractionation methods on the prediction power. The shape of 
the symbols indicates the number of data sets that were combined while the color of the symbols shows how many different methods are 
involved. 
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Abstracts of invited speakers and oral abstract presentations 
 
IS01 
Proteome centric precision health ð Changing medicine? 
J. Van Eyk1 
1Cedars Sinai Medicial Center, Medicine, Los Angeles, United States 
 
Precision health requires success in two intertwined aspects: precision therapy and personalized medicine. Precision therapy is being able to 
effectively treat the right disease; to have therapies that target for the correct pathological pathways. Personalized medicine requires diagnosing 
a specific individuals disease based on accurate assessment their complex health and pathological status. Our underlying premise is that an 
individuals baseline proteome reflects their past and present and thus, will dictate their future health and disease. We have combined tracking 
citrullinated proteins, an irreversible post-translational modification that can drive disease dysfunction as well as induce autoantibodies. The 
ability to quantify citrullinated peptides by mass spectrometry has been improved by combing searches against a library comprised of the 
maximal number of citrullinated peptides, data independent acquisition and downstream analytes. We have been able to identification and 
precise quantification of proteins and their modified forms in 5 targets organs in 4 different diseases. As well, we are determining which are also 
acting as autoantigens which could compound their role in disease over time. This work has led us to consider the need for continuous patent-
centric health screening. We have developed technical pipelines for patient screening. This will/has required development of microsampling 
device, point of service devices, pathways for client data return and specific clinical grade assays. We have begun down this path with 
production of system suitability and quality control measures, assays and volumetric sampling device and will discuss the remaining challenges 
involved and requirement. 
 
 
IS02 
A physical map of a human cell 
C. Go1, J. D. R. Knight1, J. Y. Youn1, G. Hesketh1, W. H. Dunham1, A. C. Gingras1 
1Lunenfeld-Tanenbaum Research Institute, Toronto, Canada 
 
Compartmentalization is essential for all complex forms of life. In eukaryotic cells, membrane-bound organelles, as well as a multitude of 
protein- and nucleic acid-rich subcellular structures, maintain boundaries and serve as enrichment zones to promote and regulate protein 
function. Consistent with the critical importance of these boundaries, alterations in the machinery that mediate protein transport between these 
compartments is linked to a number of diverse diseases. Understanding the composition of each cellular compartment remains a challenging 
task. Classically, both microscopy and organellar purifications have been employed for identifying the composition of these structures, but these 
approaches have limitations, notably in resolution for standard high-throughput fluorescence microscopy and in the difficulty in purifying some of 
the structures (e.g. p-bodies) for approaches based on biochemical isolations.  
Prompted by the recent implementation in vivo biotinylation approaches such as BioID, we report here the systematic mapping of the 
composition of various subcellular structures, using as baits proteins that are well-characterized markers for a specified location. We defined 
how relationships between prey proteins detected through this approach can help understanding the protein organization inside a cell. We will 
discuss our low-resolution map of a human cell containing major organelles and non-membrane bound structures, but also a higher resolution 
map of RNA-containing cellular structures, including the p-bodies and the stress granules that regulate mRNA stability. This will be presented 
alongside new computational resources that will help the scientific community to make use of our dataset. 
Supported by the Canadian Institutes of Health Research (FDN 143301) and the Natural Sciences and Engineering Research Council of 
Canada (RGPIN-2014-06434). 
 
 
IS03 
Amino acid hydroxylation, a common and sometimes misunderstood post-translational modification 
A. von Kriegsheim1 
1University of Edinburgh, IGMM, Edinburgh, United Kingdom 
 
Post-translational modifications (PTMs) of proteins provide versatile mechanisms to regulate protein activity and protein interactions. The 
aliphatic side-chains of lysine, asparagines, aspartic acid, tryptophan and proline as well as methylated lysines and arginines can all be 
hydroxylated in an oxygen and 2-oxo gluterate (2OG) dependent mechanism by a family of enzymes termed the (2OG)-oxygenases 
Although the biochemistry of the (2OG)-oxygenases is well understood, until now only a few substrates have been described for these enzymes. 
This is due to the fact that hydroxylation frequently indirectly regulates protein stability and that hydroxylations like many PTMs can be present 
at sub-stoichiometric levels. 
Matters are even more complicated by the fact that a hydroxylation, or addition of one oxygen atom, is can be frequently observed on multiple 
amino acid side chains. This makes the correct assignment troublesome. 
We have devised a unbiased approach in identifying substrates followed by a targeted approach to locate the enzymatically modified residues. 
In addition, this approach allows us to generate testable hypotheses of how the hydroxylation regulates the interactome of the substrate.  
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IS04 
Molecular Microscopy ð Employing Mass Spectrometry to Image Biomolecules in their Native State 
R. Caprioli1 
1Vanderbilt University, Biochemistry, Nashville, TN, United States 
 
MALDI Imaging Mass Spectrometry (IMS) produces molecular maps of peptides, proteins, lipids and metabolites present in intact tissue 
sections. It employs desorption of molecules by direct laser irradiation to map the location of specific molecules from fresh frozen and formalin 
fixed tissue sections without the need of target specific reagents such as antibodies. Molecular images of this nature are produced in specific 
m/z (mass-to-charge) values, or ranges of values. Thus, each specimen gives rise to many hundreds of specific molecular images from a single 
raster of the tissue. In a complementary approach, termed histology-directed imaging, mass spectra are collected from selected cellular areas 
within the tissue for laser ablation and analysis.  
We have employed IMS in studies of a variety of biologically and medically relevant research projects. Our areas of interest using this molecular 
mapping technology include diabetes, developmental studies of embryo implantation in mouse, assessment of margins in renal cancers, 
macular degeneration of the eye, neurodegenerative disease, and others as well. Typically, molecular signatures are identified that are 
differentially expressed in diseased tissue compared to normal tissue and also in differentiating different stages of disease. These signatures 
typically consist of 8 - 10 or more different proteins and peptides, each identified using classical proteomics methods. One such application is 
the differentiation of benign skin lesions from melanomas using a software tool termed PIMS (Pathology Interface for Mass Spectrometry) 
developed in house. IMS has been applied to drug targeting and metabolic studies both in organs and also in intact whole animal sections.  
This presentation describes recent technological advances both in sample preparation and instrumental performance to achieve images at high 
spatial resolution (1-10 microns) and at high speeds so that a typical sample tissue once prepared can be imaged in just a few minutes. 
Applications will include the use of MS/MS, ultra-high mass resolution, and ion accumulation devices for IMS. Finally, new biocomputational 
approaches will be discussed that deals with the high data dimensionality of IMS and our implementation of "image fusion" in terms of predictive 
integration of MS images with microscopy and other imaging modalities.  
 
 
IS05 
Instruments & Methods: New achievements and perspectives in high-performance mass spectrometry imaging 
B. Spengler1,2, M. Kompauer2, K. C. Schäfer1, S. Heiles1, D. R. Bhandari1, K. Strupat3 
1Justus-Liebig-University of Giessen, Institute of Inorganic and Analytical Chemistry, Giessen, Germany 
2TransMIT GmbH, Giessen, Germany 
3Thermo Fisher Scientific (Bremen) GmbH, Bremen, Germany 
 
Improvements in performance and new features of atmospheric-pressure scanning microprobe MALDI MS imaging (AP-SMALDI MSI) will be 
reported. The method has gained significant attention due to its capability to disclose morphologic distributions of substances in complex 
biological samples with high sensitivity and without vacuum-induced analyte losses or morphological artifacts. 
A commercial imaging system (AP-SMALDI10®, TransMIT GmbH) was modified in order to further increase spatial resolution. A new objective 
lens was developed and integrated into the ion source. The modified imaging source was coupled to a Q Exactive HFTM (Thermo Fisher 
Scientific) orbital trapping mass spectrometer, operated at a mass resolution of up to 240,000 at m/z 200. The new system revealed an ablation 
spot size of 1.4±0.2 µm on biological tissue, allowing to obtain high-quality, highly sensitive images without oversampling down to a step size 
(pixel resolution) of 2 µm. Imaging in oversampling mode was performed down to 1 µm step size successfully with good signal-to-noise ratio. A 
very high imaging selectivity of ±5 ppm, mass accuracies of better than 2 ppm across the entire image, and a mass resolving power of up to 
240,000 at m/z 200 were achieved routinely by direct coupling of the imaging system to the Q Exactive HF orbital trapping mass spectrometer. 
The AP-SMALDI Orbitrap system provides detailed chemical and topographical information on various types of biological tissue or individual 
cells, from human, mammalian, insect or plant material in either targeted or untargeted approaches. Detectable compound classes include 
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lipids, carbohydrates, drug compounds, metabolites and peptides. Analysis of proteins requires high-resolution on-tissue digestion, which has 
been shown to result in an effective lateral resolution for tryptic peptides of 30 to 50 µm. 
Future developments in MALDI imaging techniques are expected to provide improved detectability and lateral resolution for proteins. 
 
 
IS06 
Native Mass Spectrometry for the Revelation of Highly Complex Glycosylation in Protein Therapeutics 
T. Wohlschlager1, K. Scheffler2, I. C. Forstenlehner3, S. Senn1, E. Damoc4, S. Ruzek3, J. Holzmann3, C. Huber1 
1University of Salzburg, Department of Molecular Biology, Salzburg, Austria 
2Thermo Fisher Scientific, Dreieich, Germany 
3Novartis, Kundl, Austria 
4Thermo Fisher Scientific, Bremen, Germany 
 
The commercial use of therapeutic proteins, also called biopharmaceuticals has revolutionized modern medicine. Manufacture of therapeutic 
proteins is performed in bacterial or eukaryotic expression systems, requiring extensive purification of the target product. In order to ensure 
highest-level safety and efficacy of the drug compounds, a rigorous control of a large set of chemical, physical, and biological properties is 
obligatory. 
Characterization methods based on high-performance liquid chromatography (HPLC) and high-resolution mass spectrometry (HRMS) are 
among the most powerful analytical methods for protein characterization. Protein characterization can be performed on the intact protein level, 
which delivers information related to the intact protein including all its modifications at the cost of more tedious parameter optimization required 
for heavily glycosylated proteins. Alternatively, proteins can be enzymatically digested to obtain peptides enabling their analysis by means of 
generic methods, however, at the risk of losing important molecular information about the protein. 
Here we report on the benefits of native mass spectrometry in combination with high-resolution Orbitrap mass analysis for the analysis of protein 
glycosylation variants at different structural levels. The technology was utilized for the analysis and relative quantification of glycan variants of 
etanercept (EnbrelTM), a recombinant, heavily O- and N-glycosylated fusion protein utilized in the therapy of arthritic diseases. Taking 
advantage of the higher resolving power for protein isoforms in lower charge states detected under native conditions, more than 80 different 
isoforms were distinguishable upon deconvolution of the highly complex mass spectra obtained by direct-infusion nano-electrospray native 
mass spectrometry. Utilizing enzymatic dissection by specific proteases and glycosidases, we were able to assign glycoforms and their 
composition. Glycoform distribution was also confirmed by comparison with data obtained from glycopeptide or released glycan analysis. 
 
 
IS07 
Native Top-Down Proteomics 
N. Kelleher1 
1Northwestern University, Evanston, United States 
 
While top down mass spectrometry has become synonymous with the direct analysis of intact proteins via mass spectrometry, the term more 
generally denotes an approach to analytical measurement that recognizes the value of retaining as much information as possible about a 
system prior to analysis. By avoiding proteolytic digestion, proteoform-specific identifications can be made. Notably, the top down philosophy is 
equally applicable to the level of protein-protein and protein-ligand interactions. This talk will describe an approach that enables the direct 
analysis of protein interactions in an untargeted fashion via novel separation strategies coupled to multistage native mass spectrometry (MS2 
and MS3). Providing information from intact complex mass (MS1) to subunits and their backbone fragment ions, native top-down MS even 
enables identification and characterization of unknown protein interactions. We posit that these advances form the basis for a platform for the 
untargeted characterization of protein complexes and protein-ligand interactions from a variety of biological systems. By preserving non-
covalent interaction throughout sample preparation and ionization, top down mass spectrometry can operate at the next level of hierarchy in the 
biology of proteins underlying human wellness and disease. 
 
 
O01 
Complexome Analysis: Identification of old and new complexes 
K. Seidel1, C. Ding1, J. Karbe1, L. Adrian1 
1UFZ - Helmholtz Centre for Environmental Research, Isotope Biogeochemistry, Leipzig, Germany 
 
Individual proteins often fulfill functions within larger complexes. To identify which proteins are interacting in a complex helps to understand their 
biological role. Wöhlbrand and collogues presented an analysis, denominated as complexome profiling, in which known and former unknown 
complexes involved in sulfate reduction were identified (1). 
We used this approach with some modifications in data analysis to identify membrane complexes in Dehalococcoides mccartyi strain CBDB1 
and Desulfitobacterium strain PR, both strains involved in the transformation of toxic halogenated contaminants in anoxic environments. 
To achieve this we solubilised membrane-integrated and membrane-associated proteins with mild detergents and separated them with Blue 
Native (BN) -PAGE. Gel lanes were cut into 1-2 mm slices, and then prepared for mass spectrometric analysis. 
Solubilisation and separation on BN-PAGE were successful for both strains. For data analysis, we developed and implemented a new strategy 
to identify transmembrane domains based on MS1 scans, with which we are currently trying to obtain a comprehensive picture of membrane 
proteins involved in the respiration process. We changed to a MS1-based strategy because especially peptides from integral membrane 
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proteins show resistance to HCD and CID fragmentation. As a control, we used a respiratory multiprotein complex with known subunits in 
Dehalococcoides mccartyi strain CBDB1 (2) and the ATPase complex in Desulfitobacterium strain PR, respectively. 
Insights into new complexes from different strains could allow a better understanding of metabolic potential in in anaerobic bacteria. 
1. Wöhlbrand L, Ruppersberg HS, Feenders C, Blasius B, Braun HP, Rabus R. 2016. Analysis of membrane-protein complexes of the 

marine sulfate reducer Desulfobacula toluolica Tol2 by 1D blue native-PAGE complexome profiling and 2D blue native-/SDS-PAGE. 
Proteomics 16:973-988. 

2. Kublik A, Deobald D, Hartwig S, Schiffmann CL, Andrades A, von Bergen M, Sawers RG, Adrian L. 2016. Identification of a multi-
protein reductive dehalogenase complex in Dehalococcoides mccartyi strain CBDB1 suggests a protein-dependent respiratory 
electron transport chain obviating quinone involvement. Environmental microbiology 18:3044-3056. 

 
 
IS08 
Computational Strategies for Improving the Quantitative Analysis of Peptide Mixtures by Tandem Mass Spectrometry 
M. MacCoss1, J. Egertson1, B. Searle1, S. Ting1, H. Y. Yang1, A. Keller1, B. MacLean1 
1University of Washington, Genome Sciences, Seattle, United States 
 
Proteomics technology has improved dramatically over the last decade. The technology developments have largely been directed around 
instrument hardware, where instruments have been developed that scan faster, are more sensitive, and have greater mass measurement 
accuracy. However, the basic workflow has remained largely unchanged -- mass spectrometers are directed toward the acquisition of tandem 
mass spectra on the most abundant molecular species eluting from a chromatography column. 
Our goal is to develop a high throughput method for sampling peptides with a mass spectrometer that can be used as a robust measure of 
molecular phenotyping to characterize the state of the cell. To do this we would like a tandem mass spectrometry (MS/MS) method that can 
systematically sample all peptides within a mass range, continuously throughout the chromatographic elution. MS/MS offers significant 
advantages in terms of selectivity, sensitivity, and dynamic range over a single stage of mass analysis. While MS/MS has significant technical 
advantages over MS1 analysis, traditional data acquisition strategies on modern instruments do not have the throughput to continuously and 
systematically sample peptides across the entire mass range using narrow isolation windows (<5 m/z) and using a rapid duty cycle (<3 sec). 
Over the last decade, efforts have been focused on the acquisition of mass spectrometry data on target peptides of interest. With improvements 
in instrument hardware and instrument control software, the practical experimental difference between a targeted and discovery proteomics is 
beginning to become blurred. These analyses are a significant change from the traditional proteomics workflow and have required the 
development of novel computational strategies to analyze, visualize, and interpret these data. We will present work illustrating our efforts in the 
development of targeted proteomics and provide a vision for challenges that still need to be overcome before these analyses become routine 
and replace more traditional discovery proteomics methodology.  
 
 
IS09 
Computational strategies for deep proteomics and proteogenomics datasets  
A. Nesvizhskii1 
1University of Michigan, Ann Arbor, United States 
 
Over the past decade there has been significant progress with developing computational tools and methods for mass spectrometry based 
proteomics. Nevertheless, new challenges emerged and need to be carefully addressed. These include: 1) the ever increasing size of 
proteomics datasets requiring new approaches for estimation of peptide and protein identification error rates on a genome-wide scale; 2) 
exciting but challenging proteogenomics applications that seek to identify novel peptides currently not represented in reference protein 
sequence databases. In this presentation we will survey key components of proteomics analysis pipelines and re-asses their validity and 
usefulness for large scale deep-coverage datasets. Specifically, we discuss the use of different types of ranking scores for protein 
identifications, methods for resolving protein groups, utility of PSM level filtering prior to protein-level analysis, and methods for FDR estimation 
at the protein level. In the second part of this presentation, we will discuss our efforts to build a robust proteogenomics pipeline that incorporates 
rigorous elimination of false identification due to chemical and biological modifications. The key element of our pipeline is a novel algorithm that 
enables ultrafast and comprehensive identification of peptides and all their modified forms. Time permitting, we will discuss how our new method 
helps to uncover dramatic differences in the modification rates across experimental samples and conditions, and several other applications. 
 
 
O03 
Mass spectrometrists should search for all peptides, but assess only the ones they care about 
A. Sticker1,2, L. Clement2, L. Martens1,2 
1VIB, Medical Biotechnology Center, Ghent, Belgium 
2Ghent University, Ghent, Belgium 
 
Reliable peptide identification is key to mass spectrometry proteomics and peptide-to-spectrum matches (PSMs) are therefore reported with a 
false discovery rate (FDR). Sometimes, researchers focus on a protein subset (e.g. particular pathway), other identified peptides are deemed 
irrelevant. The popular search-all-assess-all method (all-all) for protein subsets involves (1) searching against all expected peptides, (2) FDR 
calculation and, (3) filtering out irrelevant PSMs. Noble claims to improve statistical power by removing irrelevant peptides prior to searching 



  Proteomic Forum 2017     22 

   

  

 
(search-subset-assess-subset, sub-sub). We argue that both methods lead to poor FDR control and propose a new method for correctly 
controlling the FDR in both small and large subsets.  
Our search-all-assess-subset (all-sub) method consists of (1) a search against all expected peptides, and (2) discarding irrelevant PSMs prior to 
(3) FDR calculation. All-sub in conjuction with a target-decoy approach (TDA) suffers from unstable FDR estimates in small subsets with few 
subset decoys. We overcome this issue by estimating the incorrect PSM distribution using a large decoy set. 
We compare all-all, sub-sub and all-sub using a Plasmodium proteome contaminated with human proteins, Pyrococcus spectra where we define 
subsets of interest using GO terms and a simulation study. The spectra are searched with MS-GF+ and the FDR is estimated with a competitive 
TDA. 
As the FDR is the average fraction of incorrect identifications in the PSM list, all-all cannot control the subset FDR because it alters the PSM list 
post FDR calculation. We show that this leads to either too conservative or too liberal subset PSM lists. Sub-sub calculates the FDR based on 
the subset but it puts an unnecessary burden on TDA by (1) removing sequences that are likely to be present in the sample and (2) reducing the 
decoy sequence variation. We notice a steep increase of low scoring PSMs in a subset search compared to the complete search, suggesting 
that many spectra are forced on subset sequences. In many cases the fraction of forced PSMs even out-numbers the FDR level. Hence, the 
sub-sub FDR control is questionable at best. 
We show that our strategy returns more PSMs than sub-sub and provides better FDR control in peptide subsets than all-all and sub-sub. Hence, 
mass spectrometrists benefit from searching for all peptides, but only assessing the ones they care about. A user-friendly web tool is available 
at http://iomics.ugent.be/saas/, development is hosted on https://github.com/compomics/search-all-assess-subset. 
 
 
O04 
Workflows for unified MS1- and MS2-based protein inference in a Bayesian framework 
J. Pfeuffer1, X. Liang2,3, O. Serang4,5, K. Reinert2, O. Kohlbacher1,6 
1Eberhard-Karls-Universität Tübingen, Applied Bioinformatics, Tübingen, Germany 
2Freie Universität Berlin, Algorithmic Bioinformatics, Berlin, Germany 
3Max Planck Institute for Molecular Genetics, International Max Planck Research School for Computational Biology and Scientific Computing, 
Berlin, Germany 
4Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Berlin, Germany 
5Freie Universität Berlin, Institute for Computer Science, Berlin, Germany 
6Max Planck Institute for Developmental Biology, Biomolecular Interactions group, Tübingen, Germany 
 
Introduction: Protein inference can be described as the task of assigning a type of score to every protein candidate for a sample analysed by 
mass spectrometry. The outcomes then represent one"s confidence on the presence of a particular protein (or proteoform). Though shotgun 
mass spectrometry experiments reveal a lot of information on the composition of peptides in a sample, most inference methods rely solely on 
matching scores from tandem mass spectra. 
Objectives: The goal was to establish pipelines to extract a rich set of information from shotgun proteomics experiments and to use them in a 
unified Bayesian network for protein inference. Resulting proteoform-level posterior probabilities can then be used to make an informed decision 
on the set of proteins present in the sample. 
Methods: To achieve this goal, we use information from both the often neglected MS1-level (retention time and precursor mass deviation) as 
well as the more commonly used spectral matching scores/probabilities. 
Novel to this approach is their aggregation in one holistic probabilistic model to incorporate the information in a non-stepwise way, e.g. without 
pre-filtering peptides, using state-of-the-art probabilistic inference algorithms[1]. This makes this demanding approach applicable even on large-
scale proteomics data with complex protein groups. 
Both the information retrieval starting from the raw mass spectra, as well as the evaluation are presented as reproducible and easy-to-use 
KNIME pipelines using a variety of tools from i.a. OpenMS[2]. 
Results: Results are shown on data from the ABRF iPRG2016 study consisting of 12 Q-Exactive LC-MS/MS datasets with known spiked-in 
proteoforms. 
Conclusion: In this work we show the benefits of not discarding any of the valuable sources of information until the actual step of protein 
inference. 
 
References 
[1] O. Serang PLoS ONE. 2014 Mar 13;9(3): e91507. doi:10.1371/journal.pone.0091507. 
[2] H. Röst et al. Nat. Methods. 2016 Aug 30;13(9):741-8. doi: 10.1038/nmeth.3959. 
 
IS10 
The plant mitochondrial proteome 
I. M. Møller1 
1Aarhus University, Department of Molecular Biology and Genetics, Slagelse, Denmark 
 
Plant mitochondria are well known to oxidize respiratory substrates typically pyruvate, the end product of glycolysis, via the tricarboxylic acid 
cycle and oxidative phosphorylation and provide the cell with energy and metabolic intermediates. Bioinformatic and experimental evidence now 
indicates that plant mitochondria contain a proteome of more than 2000 different proteins expressed in some cells under some conditions. Using 
various gel-based and non-gel-based methods for separating the mitochondrial proteins and mass spectrometry for their identification, more 
than 1000 different proteins have been identified in Arabidopsis and potato mitochondria. Only 63% of these proteins were recognized as 

http://iomics.ugent.be/saas/
https://github.com/compomics/search-all-assess-subset
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mitochondrial by any of five of the most widely used prediction algorithms. Functional analyses of the identified proteins have greatly improved 
our understanding of basic mitochondrial functions, have led to the discovery of new mitochondrial metabolic pathways and are helping us 
towards appreciating the dynamic role of the mitochondria in the responses of the plant cell to biotic and abiotic stress. 
References 
Møller, I.M. 2016. What is hot in plant mitochondria? Physiol. Plant. 157: 256ï263. 
Rao, R.S.P., Salvato, F., Thal, B. Eubel, H., Thelen, J.J. and Møller, I.M. 2016. The proteome of higher plant mitochondria. Mitochondrion, in 
press 
Salvato, F., Havelund, J.F., Chen, M., Rao, R.S.P., Wrzesinska-Rogowska, A., Jensen, O.N., Gang, D.R., Thelen, J.J. & Møller, I.M. 2014. The 
potato tuber mitochondrial proteome. Plant Physiol. 164: 637ï653 
 
 
IS11 
Plant phosphoproteomic resources and technologies - from discovering phosphorylation sites to identifying kinase clients 
J. Thelen1 
1University of Missouri, Biochemistry, Columbia, United States 
 
Protein phosphorylation is the most pervasive and studied post-translation modification in plants. Plant phosphoproteomic studies have 
produced over 40,000 experimental phosphorylation events from over ten plant species. To archive these data from multiple plant species, we 
developed The Plant Protein Phosphorylation Database (P3DB, www.p3db.org) as a community repository, containing data for both model and 
crop plants. Using this database of phosphorylation sites as a training set we developed a phosphorylation prediction tool called MUSite 
(http://musite.sourceforge.net/). The sensitivity and reliability of this prediction algorithm is unmatched, and application to whole plant proteomes 
such as Arabidopsis indicates greater than 17,000 phosphorylation sites at the 99% confidence interval. Clearly, experimental and bioinformatic 
prediction of phosphorylation sites is rapidly becoming a facile task. However, confirmation and identification of cognate protein kinases 
responsible for these events remains challenging. To address this problem we developed an assay called the Kinase Client or KiC Assay 
(Huang et al., 2010; Figure 1), which was validated using the mitochondrial pyruvate dehydrogenase kinase. We applied this validated approach 
to identify kinase(s) responsible for phosphorylating a type one protein phosphatase inhibitor (Ahsan et al., 2013) and recently to compare 
substrate specificities for two families of protein kinases involved in metabolic regulation, the SnRK2 and CDPK superfamilies. Screening of a 
library of 2100 peptides comprising over 3500 in vivo phosphorylation sites in Arabidopsis revealed high specificity for these kinases and a 
surprisingly low level of overlap among family members. I will present the unpublished results of these large-scale comparative studies. 
Ahsan N, Huang Y, Tovar-Mendez A, Swatek KN, Zhang J, Miernyk JA, Xu D, Thelen JJ. (2013) A versatile mass spectrometry-based method 
to both identify kinase client-relationships and characterize signaling network topology. J Proteome Res. 12:937-48. 
Huang Y, Houston NL, Tovar-Mendez A, Stevenson SE, Miernyk JA, Randall DD, Thelen JJ (2010) A quantitative mass spectrometry-based 
approach for identifying protein kinase ïclients and quantifying kinase activity. Anal. Biochem. 402:69-76 
 
Figure 1 
 

 
 



  Proteomic Forum 2017     24 

   

  

 
O05 
Deep proteomics reveals genome-wide protein expression dynamics in Arabidopsis immunity and development 
M. Bassal1, P. Majovsky1, D. Thieme1, M. R. Al Shweiki2, A. Hmedat1, T. Herr1, J. Ziegler1, S. Neumann1, W. Hoehenwarter1 
1Leibniz Institute of Plant Biochemistry, Halle, Germany 
2Ulm University Hospital, Department of Neurology, Ulm, Germany 
 
Question 
We have optimized a procedure for deep proteomics especially directed to addressing the specific challenges of plant proteomes. These are 
primarily extensive dynamic range and an abundance of waxes and secondary metabolites including the chromophoric compounds of the 
photosynthesis machinery. It was our goal on the one hand to maximize individual sampling depths thereby alleviating the lack of sensitivity that 
has hampered plant proteomics studies in the past. On the other hand we sought to maximize coverage of the entire proteome of Arabidopsis 
thaliana (27,419 protein coding genes; TAIR10 released 17. Nov, 2010). 
Methods 
Leaves, roots, inflorescence, flowers and siliques were sampled over the lifetime of Arabidopsis thaliana and analyzed using an optimized 
GeLC-MS strategy. Raw data were searched with both Mascot and MaxQuant to identify proteins. Results were concatenated and proteins 
quantified in Scaffold software. 
Results 
7,000 to 9,000 proteins (protein groups identified with at least 1 unique peptide, 1% peptide and protein FDR thresholds) from individual 
samples were measured in 2.5 days and protein quantification was repeatable. Deep proteomics measurements of seedlings treated with the 
elicitor of pattern triggered immunity (PTI) flg22 were complemented with metabolomics and targeted proteomics measurements in mutant 
genotypes to give a comprehensive picture of protein expression dynamics in PTI. Focusing on one aspect elucidated the important role of 
auxin in the hormone blend that modulates plant immunity. Measurements of different tissues and developmental stages provide mass 
spectrometric evidence for nearly 16,000 proteins thereby covering expression of around 60% of the Arabidopsis genome. We define and 
characterize the Arabidopsis core proteome as well as organ specific proteomes. Protein abundance levels measured in the various tissues 
over the lifetime of the plant were mapped to their genetic positions on the chromosomes. Correlation analysis of protein expression patterns at 
the chromosomal loci revealed co-regulation of neighboring genes. 
Conclusion 
Our study illustrates the power of deep coverage of individual sample proteomes and gives insight into the Arabidopsis proteome in 
unprecedented detail. 
 
Figure 1      Figure 2 
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O06 
A large-scale approach to study the mitochondrial protein-protein interactome of Arabidopsis thaliana 
S. Martínez Jaime1, A. Graf1 
1MPIMP, Plant Proteomics-AG Graf, Golm-Potsdam, Germany 
 
Proteins are involved in all aspects of life. However, most process in the cell are performed by protein complexes. Currently, the most common 
approaches to study protein-protein interactions are biochemical purification and 2D gels followed by mass spectrometry or microscopy 
techniques. These approaches are limited in the number of protein complexes that can be analysed or the ability to obtain quantitative data. 
To avoid these shortfalls, we combine various 1-D size fractionation methods (native PAGE and Size Exclusion Chromatography (SEC)) 
followed by LC-MS/MS and an in-house developed data analysis pipeline to identify and quantify protein complexes. 
We focus our work on the mitochondrial proteome of Arabidopsis thaliana, aiming to compare the abundance and composition of organellar 
protein complexes under different environmental conditions. In a proof of concept study, we treated Arabidopsis seedlings with menadione to 
create an oxidative stress. This treatment was previously used, suggesting changes in the assembly of protein complexes (1). 
15N labeling was used to reduce variability within treated or control samples along the analysis, and mixed native protein extracts of isolated 
and fully functional mitochondria were used for the analysis. 
We observed approximately 60% of the quantified proteins were assembled in protein complexes. Moreover, there was a significant number of 
proteins belong to metabolic processes. Therefore, metabolomics analysis on the mentioned samples will fulfill the view of possible metabolic 
changes originated from the reassembly of enzymes complexes. 
These results are the basis for future studies to investigate changes in protein complex composition and/or abundance under different 
environmental conditions. 
 
References 
(1) Obata et al., (2011). Phytochemistry 
 
IS14 
Metaproteomics and integrated multi-omics: What do they tell us about microbial community function? 
P. Wilmes1 
1University of Luxembourg, Luxembourg Centre for Systems Biomedicine, Esch-sur-Alzette, Luxembourg 
 
Naturally occurring microbial communities play fundamental roles in the Earths biogeochemical cycles as well as in human health and disease, 
and provide essential services to mankind. They represent highly dynamic and heterogeneous systems, which exhibit enormous complexity at 
all levels. By combining metagenomic, metatranscriptomic, metaproteomic and metabolomic information, integrated multi-omics offer the 
prospect of comprehensive views of community structure and function in situ. Importantly, metaproteomics, which facilitates conclusive 
metagenome-phenotype linkages, is key to such endeavours. We have recently developed an integrative workflow comprising wet- and dry-lab 
methodologies to enable systematic measurements of microbial communities over space and time as well as the integration and analysis of the 
resulting multi-omic data. More specifically, we routinely isolate DNA, RNA, protein and metabolite fractions from single microbial community 
samples and these are subjected to high-throughput and high-resolution meta-omics. The resulting data is integrated and analysed using a 
reproducible bioinformatic pipeline which maximises data usage. Using this approach we have gained essential new insights regarding microbial 
niche ecology and resulting lifestyle strategies in situ as well as discovered keystone functional genes governing microbial community function. 
The more recent application of these methods to the human gut microbiome has highlighted the importance of differential expression of specific 
functional genes in the context of human disease (type 1 diabetes). Interestingly, the expression of these microbial genes is driven largely by 
proteins secreted by the exocrine prancreas emphasising the need for conducting fully integrated multi-omic analyses of microbial communities. 
Integrated multi-omics including metaproteomics is poised to greatly advance our understanding of microbial community structure and function 
in the future. 
 
IS13 
Infectoproteomics for the characterization of the interaction of the human pathogenic fungus Aspergillus fumigatus with immune 
cells 
A. Brakhage1, I. Shopova1, H. Schmidt1, T. Krüger1, O. Kniemeyer1 
1Leibniz-Institut für Naturstoff-Forschung und Infektionsbiologie e. V. ï Hans-Knöll-Institut (HKI), Jena, Germany 
 
Invasive aspergillosis caused by the fungus Aspergillus fumigatus is a life-threatening infection of immunocompromised hosts with high mortality 
rates and annually increasing incidences [1]. The small-sized conidia of A. fumigatus are inhaled and easily reach the lung alveoli. Here, they 
encounter the first line of defense, mainly neutrophilic granulocytes and macrophages [2]. Neutrophils are indispensable in executing an 
elimination of fungal spores and hyphal elements by various intra-and-extracellular means including neutrophil extracellular trap (NET) 
formation. We demonstrated that NETs exhibit only fungistatic effects [3]. To resolve a key paradigm- how A. fumigatus activates neutrophils 
and how they ultimately kill the fungus - we conducted a simultaneous dual proteome study of the activation of human neutrophils by A. 
fumigatus hyphae without prior separation of the two organisms. We developed a protocol for parallel extraction and enrichment of both NETs 
covering hyphae and secreted proteins. Using a multiplexed isobaric labeling approach and TiO2 phosphopeptide enrichment combined with 
nLC-MS/MS analysis, we were able to identify and quantify 273 differentially regulated proteins of 856 proteins in total on the fungal side and 
298 differentially regulated proteins of 1950 proteins in total on the host side compared to NET controls induced with PMA and fungal hyphae 
grown alone. Besides neutrophils, alveolar macrophages phagocytose conidia. However, previously we found that A. fumigatus conidia 
circumvent their intracellular killing by the manipulation of the phagolysosomal maturation including acidification [4,5]. To understand how 
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conidia can inhibit the maturation of phagosomes they reside in, we developed a protocol to purify conidia-containing phagolysosomes. With a 
comparative proteomic study of the phagolysosomal proteome of a wild-type A. fumigatus strain and an avirulent pigmentless pksP-mutant 
strain we aimed at the identification of proteins and processes that are manipulated by the wild-type strain. We found that wild type conidia 
strongly modulate the protein composition of the phagolysosome. 
[1] Erjavec et al., 2009, Clin Microbiol Infect 15:625 
[2] Heinekamp et al., 2015, Sem Immunpath 37:141 
[3] Bruns et al., 2010, PLoS Pathog 6:e1000873 
[4] Thywißen et al., 2011, Front Microbio 2:96 
[5] Akoumianaki et al., 2016, Cell Host Microbe 19:79 
 
 
IS15 
Confounding factors and contaminants of extracellular vesicle preparations 
E. Buzas1 
1Semmelweis University, Department of Genetics, Cell- and Immunobiology, Budapest, Hungary 
 
Extracellular vesicles (EVs) are subcellular, membrane-enclosed structures secreted by both prokaryotic and eukaryotic cells. Recently they 
have gained substantial scientific interest as they are present in all human body fluids and are considered as promising future biomarkers and 
therapeutic targets or tools. 
In the past few years, proteomic, lipidomic and transcriptomic analyses of EVs have generated substantial amounts of data which are now 
available in databases (such as EVpedia and Vesiclepedia). 
However, EV-related data should be handled with cautiousness because there are numerous confounding factors and contaminants which may 
interfere with the molecular analysis of EVs. 
Methods of isolation and characterization of EVs are still under development and optimization. Authors often use highly diverse methods which 
may yield in i) isolation of different EV subsets and in ii) EV preparations of highly variable purity. One of the major challenges of isolation and 
subsequent analysis of EVs is that components of complex body fluids such as blood plasma may co-purify with EVs. EV preparations often 
contain co-isolated protein aggregates. Lipoprotein particles are also typical contaminants of EV preparations isolated from blood plasma. 
Furthermore, lipoprotein particles have been shown to associate with the surface of EVs. Upon exposure to membrane damaging conditions, EV 
preparations may contain ruptured EVs (membrane ghosts) which lack their internal cargo. 
In the field of EVs particular attention must be paid to pre-analytical conditions which may strongly impact the results. When analyzing EVs from 
complex body fluids such as blood plasma, common contaminants of EV preparations and confounding factors of EV analysis should be 
considered. 
 
 
IS16 
Exosome-mediated release of Alzheimers disease amyloid 
L. Rajendran1 
1University of Zurich, Systems & Cell Biology of Neurodegeneration, Zurich, Switzerland 
 
Neurodegenerative diseases including Alzheimers disease (AD), Parkinsons disease are characterized by protein aggregation and deposition in 
specific brain regions. Recent findings, on the release and spread of several amyloid proteins, both luminal and cytosolic, suggest a model 
where these proteins can be released from affected cells in the form of amyloid seeds, and then re-enter other cells and aid in the spread of the 
disease. How are these aggregates released from the cells? Once released, how do they form plaques and propagate in the aqueous 
extracellular space to gain access to their host counterparts? How are cytosolic proteins and amyloids released from cells? We propose that 
exosomes, endocytically derived nanovesicles, are a major way to shuttle cytosolic proteins and amyloids out of the cell. Release of amyloid b 
(Ab) peptides on exosomes aid in the plaque formation. We provide evidence that amyloids involved in neurodegeneration such as Ab are 
released via exosomes and cellular mechanisms that regulate this release. 
 
 
O07 
Secretome analysis during cardiomyogenic differentiation of human pluripotent stem cells  
H. Wolling1, S. Konze1, A. Höfer1, A. Pich2, F. Buettner1 
1Hannover Medical School, Institute for Cellular Chemistry, Hannover, Germany 
2Hannover Medical School, Institute of Toxicology, Core Facility Proteomics, Hannover, Germany 
 
Question: Cardiovascular diseases cause a high number of deaths every year. The heart has a very low regeneration capacity and donor 
organs for transplantation are scarce. Therefore regeneration of lost myocardium with stem cell-derived cardiomyocytes is an attractive strategy 
for regenerative medicine. Human pluripotent stem cells (hPSCs) can be differentiated into cardiomyocytes but the molecular mechanism 
behind that differentiation are poorly understood. It is likely that differentiating cells secrete paracrine factors into the supernatant that function 
as important regulatory determinants. Thus we intended to unravel the secretome during cardiomyogenic differentiation of hPSCs. 
Methods: A very effective protocol by Lian et al. (2012, Nat. Prot.) leading to high proportions of cardiomyocytes from hPSCs depends on 
modulation of Wnt signaling at early stages of differentiation. The respective differentiation medium contains 2.5 mg/ml bovine serum albumin 
(BSA), originating from the applied B27 supplement. Considering that secreted paracrine factors are found at concentrations in the range of 
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ng/ml, the enormous excess of BSA in cell culture supernatants hampers analytics to identify little amounts of secreted proteins. Therefore the 
development of a BSA-free cardiomyocyte differentiation protocol is pivotal for the subsequent mass spectrometry-based analysis and 
quantification of secreted proteins. 
Results: We generated a custom made B27 without BSA and could successfully differentiate hPSCs under BSA-free conditions into 
cardiomyocytes. For secretome analysis, seven time points of the differentiation process were analyzed. In total, more than 5,000 proteins could 
be identified and their relative levels at the different time points during differentiation were quantitatively assessed by label-free quantification. 
Beyond the identified proteins there are many factors involved in signaling pathways that are related to cardiomyocyte development. We further 
identified several cytokines in the supernatants of differentiating cardiomyocytes with not yet know function on cardiomyogenesis. 
Conclusion: BSA-free culture conditions enabled quantitative secretome analysis during cardiomyogenic differentiation of hPSCs. 
 
 
O08 
The role of ubiquitylation on the phagosome: a tale of inflammatory responses and vesicle trafficking  
O. Bilkei-Gorzo1, A. Härtlova2,1, J. Peltier2,1, M. Trost2,1 
1University of Dundee, MRC PPU, Dundee, United Kingdom 
2Newcastle University, ICaMB, Newcastle upon Tyne, United Kingdom 
 
Macrophages are phagocytic cells that show a high degree of diversity and plasticity that enable them to adapt to different environmental cues. 
Different activation states and stimuli prepare macrophages for the uptake and processing of phagocytic preys that they will encounter 
depending on the environment, in which they will have to perform homeostatic, inflammatory or anti-inflammatory roles. A key organelle in this 
process is the phagosome. 
We performed a comprehensive proteomics characterisation of the macrophage total cell proteomes and phagosome proteomes from six well 
defined activation states with ~10,000 proteins quantified in cell lysates and >2000 proteins in phagosomes. Our data indicate that all activation 
states optimise metabolic and phagosome functions to enhance their ability to deal with the anticipated phagocytosed cargo. We furthermore 
identified a substantial regulation of ubiquitylation on the phagosome which led us to characterise the ubiquitylome in response to pro-
inflammatory stimuli. Interestingly, our data shows that ubiquitylation on phagosomes serves for protein recruitment and regulates both immune 
functions and regulates vesicle trafficking. Using shRNA and CRISPR CAS9 technology we could show that the E3-ligase RNF115 is a main 
player in increasing phagosome ubiquitylation upon proinflammatory stimulation of macrophages as knock-down of RNF115 affects both vesicle 
trafficking to the lysosome and innate immune responses from the phagosome. Overall our data shows a novel regulatory function of RNF115-
dependent ubiquitylation in immune responses and vesicle trafficking. 
 
 
IS19 
Dynamic proteome organization and host defense during viral infection 
I. M. Cristea1 
1Princeton University, Department of Molecular Biology, Princeton, United States 
 
Every year, a major cause of human disease and death worldwide is infection with the various viral pathogens that are intrinsic to our 
ecosystem. The outcomes of viral infections derive from the complex, dynamic interactions that occur between viruses and host cells, and that 
function either in promoting virus replication or in host defense against invading pathogens. Thus, viral infection triggers an impressive range of 
proteome changes. Alterations in protein abundances, interactions, posttranslational modifications, subcellular localizations, and secretion are 
temporally regulated during the progression of an infection. Consequently, in recent years, mass spectrometry-based proteomics has emerged 
as a core component of fundamental discoveries in virology. This presentation will highlight proteomic methods developed for studying virus-
host protein interactions, as well as alterations in proteome composition and organization in space and time during the progression of infection. 
We have applied such methods to addressing three main questions: 1) what host cell conditions allow infections to be permissive, 2) how the 
host immune system responds to the infection, and 3) what are the mechanisms of pathogen replication and transmission? Examples will be 
given from our studies of innate immune response upon infection with herpesviruses, as well as of mechanisms through which viruses remodel 
subcellular organelle function to suppress host defense and promote viral replication. Such studies demonstrate how integrative omic 
technologies can help paint a picture of the pathogens life cycle and aid in the future development of antiviral therapies. 
 
 
IS20 
Advances in Protein Biomarker Research 
R. Aebersold1 
1University of Zurich, Department of Biology, Institute of Molecular Systems Biology, ETH Zurich and Faculty of Science, Zurich, Switzerland 
 
Recent advances in various bottom-up proteomic techniques have resulted in significant progress towards the confident and routine 
identification and quantification of proteins. Data dependent acquisition (DDA) has resulted in saturation coverage of proteomes of a number of 
species, and the generation of near complete spectral libraries has paved the way to reliably identify essentially any protein of a number of 
proteomes by targeted analysis via SRM or SWATH-MS (1). In both DDA and targeted strategies, each polypeptide is considered as an 
independent functional unit. However, this is not how proteins function in the cell. Most polypeptides carry out their biological function in the 
context of macromolecular assemblies, including protein complexes, protein-nucleic acid complexes and functional interaction networks. 



  Proteomic Forum 2017     28 

   

  

 
In this presentation we will discuss emerging computational and laboratory techniques to determine functional context of proteins in the cell. 
These include the direct measurement of molecular interfaces in macromolecular complexes isolated by affinity chromatography by chemical 
cross-linking MS (XL-MS) (2), and correlative analyses of proteins precisely quantified by SWATH-MS across large sample cohorts to determine 
changes in complex stoichiometry (3,4). We will use selected examples to illustrate the biological significance of measuring or inferring proteins 
in the context of functional modules. 

1. Kusebauch U, Campbell DS, Deutsch EW, Chu CS, Spicer DA, Brusniak MY, Slagel J, Sun Z, Stevens J, Grimes B, Shteynberg D, 
Hoopmann MR, Blattmann P, Ratushny AV, Rinner O, Picotti P, Carapito C, Huang CY, Kapousouz M, Lam H, Tran T, Demir E, 
Aitchison JD, Sander C, Hood L, Aebersold R, Moritz RL. (2016) Human SRMAtlas: A Resource of Targeted Assays to Quantify the 
Complete Human Proteome. Cell, 166(3):766-78. doi: 10.1016/j.cell.2016.06.041. Epub 2016 Jul. 

2. Herzog F, Kahraman A, Boehringer D, Mak R, Bracher A, Walzthoeni T, Leitner A, Beck M, Hartl FU, Ban N, Malmström L, Aebersold 
R. (2012) Structural probing of a protein phosphatase 2A network by chemical cross-linking and mass spectrometry. Science, 
337(6100):1348-52. doi: 10.1126/science.1221483. 

3. Wu Y, Williams EG, Dubuis S, Mottis A, Jovaisaite V, Houten SM, Argmann CA, Faridi P, Wolski W, Kutalik Z, Zamboni N, Auwerx J, 
Aebersold R. (2014) Multilayered genetic and omics dissection of mitochondrial activity in a mouse reference population. Cell, 
158(6):1415-30. doi: 10.1016/j.cell.2014.07.039. 

4. Williams EG, Wu Y, Jha P, Dubuis S, Blattmann P, Argmann CA, Houten SM, Amariuta T, Wolski W, Zamboni N, Aebersold R, 
Auwerx J. (2016) Systems proteomics of liver mitochondria function. Science, 10;352(6291):aad0189. 

 
 
IS21 
N-terminal phosphorylation of LHCSR3 is light triggered and synergistic and operates as a molecular switch for LHCB4 
phosphorylation and LHCSR3 multi-protein complex association 
M. Hippler1, H. Xue1, P. Gäbleien1, L. Mosebach1, M. Scholz1 
1University of Münster, Biology, Münster, Germany 
 
Introduction 
Acclimation towards excess light requires a mechanism designated as non-photochemical quenching (NPQ). In Chlamydomonas reinhardtii, qE, 
the fastest component of NPQ, is mainly facilitated by LHCSR3 (1). LHCSR3 associates with PSII-LHCII supercomplexes (2). The PSBR 
subunit of PSII is required for efficient binding of LHCSR3 to PSII-LHCII supercomplexes (3), suggesting that LHCSR3 is in close contact to the 
minor antenna proteins LHCB4 and LHCB5. The N-terminus of LHCSR3 is phosphorylated in an STT7-dependent manner, while the C-terminal 
phosphorylation of LHCSR3 is STT7 independent (4). 
Objective 
The aim was to understand the biological impact of LHCSR3 N-terminal phosphorylation. 
Material and Methods 
Quantitative proteome analyses were done from enzymatic digested whole protein extracts stemming from isotopically-labelled WT and mutant 
strains grown under different light regimes. Peptide abundances, including those of phosphorylated peptides, were also determined by parallel 
reaction monitoring (PRM). 
Results 
To evaluate the biological function of the STT7-dependent LHCSR3 phosphorylation we altered the N-terminal phosphorylation sites (S26, S28, 
T32, T33) of LHCSR3 by site-directed mutagenesis and nuclear transformation of the npq4 LHCSR3-less mutant. The quantitative data showed 
that the N-terminal phosphorylation is light-triggered and synergistic, as the phosphorylation mimic of Thr-residues enhances N-terminal 
phosphorylation. Moreover, the analyses revealed that N-terminal STT7-dependent phosphorylation of LHCSR3 impacts LHCB4 N-terminal 
phosphorylation and regulates association of LHCSR3 with the photosynthetic multi-protein complexes. 
Conclusion 
Light-triggered N-terminal phosphorylation of LHCSR3 is synergistic and operates as a molecular switch for LHCB4 phosphorylation and 
LHCSR3 multi-protein complex association. Thereby, LHCSR3 N-terminal phosphorylation could regulate light-energy excitation transfer 
efficiency to the photosystems. 
 
References 

1. Peers G, et al. (2009) Nature 462(7272):518-521. 
2. Tokutsu R & Minagawa J (2013) PNAS 110(24):10016-10021. 
3. Xue H, et al. (2015) Plant Physiology 167(4):1566-1578. 
4. Bergner SV, et al. (2015) Plant Physiology 168(2):615-634. 
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IS22 
Using 15N metabolic labeling for the accurate quantification of changes in proteome composition in Chlamydomonas cells 
S. Schönfelder1, F. Sommer1, D. Hickl1, T. Mühlhaus1, M. Schroda1 
1TU Kaiserslautern, Molecular Biotechnology & Systems Biology, Kaiserslautern, Germany 
 
The unicellular green alga Chlamydomonas reinhardtii is a well-suited model organism to address fundamental questions in plant sciences. 
Metabolic labeling of Chlamydomonas by feeding cells with 15NH4Cl or K15NO3 is cheap and simple. Here we show examples for the use of 15N-
labeled Chlamydomonas cells as a universal standard for quantifying even slight changes in the cellular proteome by shotgun proteomics. 
Specifically, we show the usefulness of this approach for monitoring changes in the abundance of up to 2000 cellular proteins in time courses 
following a change in environmental conditions, or following the inducible downregulation of a target protein by amiRNA. 
 
 
O09 
Probing the global kinome and phosphoproteome in Chlamydomonas reinhardtii via sequential enrichment and quantitative 
proteomics 
L. Hicks1, E. Werth1, T. S. K. Gilbert1, L. Graves1 
1UNC Chapel Hill, Chapel Hill, United States 
Identifying dynamic protein phosphorylation events is critical for understanding kinase/phosphatase regulated signaling pathways. To date, 
protein phosphorylation and kinase expression have been examined independently in photosynthetic organisms. Presented here is a method to 
study the global kinome and phosphoproteome in tandem for the first time in a photosynthetic organism, the model alga Chlamydomonas 
reinhardtii (Chlamydomonas), using mass spectrometry-based label-free proteomics. A dual enrichment strategy first targets intact protein 
kinases via capture on immobilized multiplexed inhibitor beads (MIBs) with subsequent proteolytic digestion of unbound proteins and 
peptidebased phosphorylation enrichment. To increase depth of coverage, both data-dependent and data-independent (via SWATH) mass 
spectrometric acquisitions were performed to obtain a >50% increase in coverage of the enriched Chlamydomonas kinome over coverage found 
with no enrichment. The quantitative phosphoproteomic dataset yielded 2,250 phosphopeptides and 1,314 localized phosphosites with excellent 
reproducibility across biological replicates (90% of quantified sites with coefficient of variation below 11%). This approach enables simultaneous 
investigation of kinases and phosphorylation events at the global level to facilitate understanding of kinase networks and their influence in cell 
signaling events. 
 
 
O10 
The proteomics response of the human-pathogenic fungus A. fumigatus to the antifungal drug caspofungin 
O. Kniemeyer1, T. Krüger1, T. Conrad2, S. Henkel3, R. Guthke2, J. Linde2, A. A. Brakhage1 
1Leibniz Institute for Natural Product Research and Infection Biology (HKI), Molecular and Applied Microbiology, Jena, Germany 
2Leibniz Institute for Natural Product Research and Infection Biology (HKI), Systems Biology and Bioinformatics, Jena, Germany 
3BioControl, Jena, Germany 
 
The mould Aspergillus fumigatus is a ubiquitous airborne human pathogenic fungus which causes different forms of infections ranging from 
locally restricted to invasive. One therapeutic option is the application of the lipopeptide antifungal drug caspofungin. It targets the fungal cell 
wall by inhibiting the synthesis of the polysaccharide component ɓ-(1,3)-d-glucan. Alteration of the fungal cell wall triggers a compensatory 
response like the increased formation of the fungal cell wall polymer chitin. A recent transcriptomic study with subsequent mathematical 
modeling revealed an intimate cross talk between the cell wall integrity (MpkA) and high osmolarity-glycerol (HorA) signaling pathways after 
exposure of A. fumigatus to caspofungin [1]. Little is known so far about the proteomic response of A. fumigatus to caspofungin. For this reason, 
we studied the changes in protein levels in A. fumigatus at different time points of caspofungin exposure (0, 4 and 8 hours) by means of 2D-gel 
electrophoresis and gel-free LC-MS/MS. To deepen the insight into the overall fungal response to caspofungin we combined the proteome data 
(intracellular and secreted proteins) with previously obtained transcriptome data for pathway and network analysis. It emerged that caspofungin 
induces a robust cellular response that is likely regulated both at the transcriptional and post-transcriptional level. Significant changes in the 
protein levels were observed for ABC transporters, cell wall glucanases, uncharacterized monooxygenases and proteins involved in iron uptake, 
pH-regulation as well as ergosterol biosynthesis. Some of the induced pathways may contribute to the compensatory response of A. fumigatus 
to caspofungin. 
[1] Altwasser et al., PLoS One 10:e0136932 
 
 
O11 
Landscape of nuclear transport receptor cargo specificity  
M. T. Mackmull1, A. Ori2, M. Beck1 
1EMBL, Heidelberg, Germany 
2Leibniz Institute on Aging ï Fritz Lipmann Institute (FLI), Jena, Germany 
 
The main function of the nuclear pore complex (NPC) is to facilitate and regulate the transport between the cytosol and the nucleus but NPCs 
are also involved in various other cellular functions, including protein synthesis, signal transduction and cell differentiation. The 
nucleocytoplasmic transport system is composed of the NPC itself, that forms a large aqueous channel lined with FG-repeats containing 
nucleoporins (Nups). FG-Nups constitute a permeability barrier, which prevents the passage of the majority of all proteins. Nuclear transport 
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receptors (NTRs, also called importins or exportins) specifically recognize localization signals of cargos and facilitate their passage through the 
NPC by transiently interacting with FG-Nups. 
Classical methods such as affinity purification or measurement of dissociation constants are not well-suited to globally identify NTR-cargo 
interactions because they are of a very transient nature, the spectrum of recognized cargos is huge and their dynamic concentration range 
comprises orders of magnitude. The exact cargo spectrum of the majority of NTRs, their specificity and even the extent to which active 
nucleocytoplasmic transport contributes to protein localization thus remains uncertain. To systematically map cargo-NTR relationships in an 
unbiased way in vivo, we used proximity labeling mass spectrometry based on the so-called BioID system. We systematically fused BirA to 
various NTRs and other factors involved in nucleocytoplasmic transport. We found that at least one third of the human proteome is subject to 
active nuclear transport. We characterized the specific cargo spectrum of several NTRs and estimated their specificity or overlap with other 
transport pathways. We identified the responsible transport pathways of various key protein complexes and demonstrate that those and 
components of pathways tend to be transported by related NTRs. The identification of the exact biotinylation sites provides evidence for the 
relevant interaction surfaces and shades light in direct versus piggyback transport mechanisms. 
This work was funded by EMBL and the European Research Council through grant No. 309271 (NPCAtlas) given to M.B. 
 
 
O12 
Refining the human proteome - integrated analysis of human tissues with a multi-omics approach 
H. Hahne1, D. Wang2, B. Eraslan 3, T. Wieland1, B. Hallström4, L. Li2, A. Asplund5, F. Ponten5, M. Uhlen4, J. Gagneur3, B. Kuster2 
1OmicScouts GmbH, Freising, Germany 
2Technical University Munich, Freising, Germany 
3Technical University Munich, Munich, Germany 
4KTH Royal Institute of Technology, Stockholm, Sweden 
5Uppsala University, Uppsala, Sweden 
 
Objective 
We have generated comprehensive proteome profiles of 30 different healthy tissues to provide a baseline compendium of protein expression in 
the human body (which, where, how much, and how active?). 
Methods 
Fresh frozen tissues were lysed and tryptically digested in solution using a urea-based procedure. Digests were analyzed via off-line hSAX 
fractionation followed by LC-MS/MS on a QE+ instrument (Thermo Fisher Scientific, Bremen). Identification and label-free quantification of 
peptides and proteins was performed using MaxQuant (1% protein FDR). RNA was extracted and analysed on an Illumina HiSeq2500 platform 
to a depth of ~20 million reads (Illumina). 
Results 
Thirty different healthy tissues have been comprehensively profiled to a depth of 15,000 mRNAs and 9,000 proteins per tissue (on average). 
A detailed analysis of all 15,000 quantified proteins revealed a surprisingly low number of tissue-specific proteins (median 300 per tissue). 
Nevertheless, around 5000 proteins are actually particularly high expressed in at least a single tissue, while 8500 proteins show no specific 
tissue enrichment. These maps provide an important context for proteins with unknown functions as well as for proteins presumed to be 
targeted by clinical drugs, supporting an improved understanding of adverse side effects, and PK/PD in general. 
The integration of matched transcriptome and proteome profiles confirmed our previous observation that the ratio between individual transcripts 
and their proteins is fairly stable across all tissues, indicating that under steady-state conditions protein synthesis and degradation rate are 
similarly balanced in many tissues. Interestingly, deviations from this rule point to tissue-specific post-transcriptional, (co-)translational and post-
translational regulation of protein abundance. 
Conclusions 
This baseline map and its integration with matched information from RNA-Seq, histological information, antibody staining and additional external 
resources provides unprecedented insights into tissue- and cell specific biology, including transcriptional and translational regulatory 
mechanisms as well as important drug discovery aspects. 
 
 
O13 
Protein array enabled profiling of autoantibody repertoires within health and disease 
P. Nilsson1 
1KTH - Royal Institute of Technology, SciLifeLab, Stockholm, Sweden 
 
The general understanding of the global reactivity patterns in the human autoantibody repertoires are still at an early phase. More and more 
diseases and conditions are speculated to have autoimmune components but very few novel targets are clearly associated to disease 
conditions. In order to explore autoantidbody reactivities and to screen for novel autoantigens, we have for several years produced and utilized 
various formats of protein fragment arrays with antigens from the Human Protein Atlas. Through a combination of various planar and bead-
based microarray formats, including an array with 42.000 protein fragments representing 19.055 unique proteins, assays are set up both for 
broad screening studies as well as targeted analysis for verification and validation of initial findings. We see in general a very large degree of 
heterogeneity between individuals and also often relatively high numbers of antigens targeted by each individuals repertoires of IgGs, which is 
also the case for healthy individuals. Within a larger effort of Wellness profiling in a non-diseased longitudinal cohort, where both genomic, 
transcriptomic and proteomic data are generated and correlated to clinical and activity parameters, we have also explored the global 
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autoantibody repertoires which will be presented here. The main challenge is to convert autoantibody reactivity patterns into a biological and 
clinical context and to thereby increase the understanding of disease associations. 
 
 
O14 
Social Network Architecture of Human Immune Cells Unveiled by Quantitative Proteomics 
J. C. Rieckmann 1, R. Geiger 2, D. Hornburg 1, K. Kveler 3, T. Wolf 2, D. Jarrossay2, F. Sallusto 2, S. S. Shen-Orr 3, A. Lanzavecchia 2, M. Mann 1, 
F. Meissner1 
1MPI of Biochemistry, Martinsried, Germany 
2IRB, Bellinzona, Switzerland 
3Technion, Haifa, Israel 
 
The immune system is unique in its dynamic interplay between numerous cell types. However, a system-wide view of how immune cells 
communicate to protect against disease has not been established. Here, we applied high-resolution mass spectrometry-based proteomics to 
characterize 28 primary human immune cell populations in steady and activated states at a depth of > 10,000 proteins. Protein copy numbers 
reveal a specialization of immune cells for ligand and receptor expression, thereby connecting distinct functions of the immune system. By 
integrating total and secreted proteomes, we discover fundamental intercellular communication structures and novel connections between cell 
types. Our publicly accessible proteomic resource provides a framework for the orchestration of cellular interplay and a reference for altered 
communication associated with pathology. 
 
 
O15 
Highly parallelized, automated and precise native sample preparation for proteome analysis and biomarker search - comprehensive 
search for altered proteoforms as potential biomarkers 
H. Rhode1 
1University Hospital Jena, Institute of Biochemistry I, Jena, Germany 
 
Question: Could a comprehensive and precise sample preparation still a way to yield reliable and valid new biomarkers? 
Methods: A multidimensional chromatographic method is presented which is adapted to fractionation of non-depleted native body fluids. This 
method combines size exclusion (SEC, 1D), anion exchange (AEC, 2D) and, optionally, lectin affinity (LAC, 3D) chromatography. Beginning with 
2D-fractionation, throughout parallelization and automation is realized for the fractionation procedure, spectrophotometric read out, hit picking, 
medium exchange, digest, desalting, and the load of an autosampler for LC-MS. The central unit is an experimental setting realizing automated 
multichannel pipetting and robot handling of microplates, reservoirs, and column arrays. Four samples may be processed highly comparable 
(serial 1D) or actually in parallel (2D) within three days resulting in more than 4000 liquid sub-fractions per sample. Still highly complex fractions 
can be further separated by parallel LAC before run through digest and mass spec. [1]. Additionally, improved tools are presented enabling 
parallel medium exchange, desalting, and re-concentration. 
Results: The protein input is scalable from 2 to more than 100 mg and from 2 to 1000 kDa molecular weights. Globally, recoveries of total 
protein amounts are 93.7 ± 2.7, 97.1 ± 11.2, and 88.8 ± 3.6% and best precisions are 3.3, 3.8, and 5.1% CV with 1D-, 2D-, and 3D-
fractionation, respectively. For process control and analytics several software tools have been developed. Therewith, immediate data access, 
comparison, and visualization are realized in versatile reports. Besides automation, this method has several advantages: high proteome 
coverage and precision, flexible dynamic range, and additional to mass spec optional enzymatic and immunological analytics of fractions. 
Versatil applications are feasible with serum and plasma of humans, cattle, goats, dogs, and mice, and human cerebrospinal fluid (CSF). E.g., 
with human plasma and CSF samples 4997 and 3494 non-redundant proteins could be identified, respectively. Several identified biomarker 
candidates could be successfully evaluated, i.e. for severe inflammation [2], Alport syndrome [2-4], psoriasis [5], and amyotrophic lateral 
sclerosis. Moreover, a considerable amount of biomarker candidates were identified as distinct proteoforms which require further 
characterization and a sophisticated assay development rather than evaluation by universal ELISA. 
Conclusions: Our precise workflow preserves all intrinsic components and information and thus seems to be suitable for unbiased and valid 
biomarker search. 
[1] Automation Systems of the 21st Century. Nova Science Publishers, NY, 2013, ISBN: 978-1-62948-262-0, 1-50; [2] J Chromatogr B, 2008, 
876, 31; [3] J Prot Res 2015, 14, 5202; [4] Ped Nephrology, 2013, 28, 2117; [5] J Proteomics, 2016, 140, 55 
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O16 
MASP1, THBS1, GPLD1 and ApoA-IV are novel biomarkers associated with prediabetes: the KORA F4 study 
C. von Törne1,2, C. Huth2,3, T. de las Heras Gala3, F. Kronenberg4, C. Herder2,5, W. Koenig6,7,8, C. Meisinger2,3,9, W. Rathmann2,10, 
M. Waldenberger3,11, M. Roden2,10,12, A. Peters2,3, B. Thorand2,3, S. Hauck1,2 
1Helmholtz Zentrum München, German Research Center for Environmental Health (GmbH), Research Unit Protein Science, Neuherberg, 
Germany 
2German Center for Diabetes Research (DZD), Neuherberg, Germany 
3Helmholtz Zentrum München, Institute of Epidemiology II, Neuherberg, Germany 
4Medical University of Innsbruck, Medical Genetics, Mol. and Clin.Pharmacology, Innsbruck, Austria 
5Heinrich Heine University Düsseldorf, Institute for Clinical Diabetology, Düsseldorf, Germany 
6University of Ulm Medical Center, Department of Internal Medicine II ï Cardiology, Ulm, Germany 
7Technische Universität München, Deutsches Herzzentrum München, München, Germany 
8German Centre for Cardiovascular Research (DZHK), partner site Munich Heart Alliance, München, Germany 
9Central Hospital of Augsburg, MONICA/KORA Myocardial Infarction Registry, Augsburg, Germany 
10Heinrich Heine University Düsseldorf, Institute of Biometrics and Epidemiology, Düsseldorf, Germany 
11Helmholtz Zentrum München, Research Unit of Molecular Epidemiology, Neuherberg, Germany 
12Heinrich Heine University Düsseldorf, Department of Endocrinology and Diabetology, Düsseldorf, Germany 
 
Question: Individuals at a high risk of type 2 diabetes demonstrate moderate impairments in glucose metabolism years before the clinical 
manifestation of type 2 diabetes, a state called 'prediabetes'. In order to elucidate the pathophysiological processes leading to type 2 diabetes, 
we aimed to identify protein biomarkers associated with prediabetes. 
Methods: In a proteomics study, we used targeted selected reaction monitoring (SRM) mass spectrometry (MS) to quantify 23 candidate 
proteins in the plasma of 439 randomly selected men and women aged 47-76 years from the population-based German KORA F4 study. Cross-
sectional associations of protein levels with prediabetes (impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT)), type 2 
diabetes, glucose levels in both the fasting state and 2 h after an OGTT, fasting insulin, and insulin resistance were investigated using 
regression models adjusted for technical covariables, age, sex, BMI, smoking, alcohol intake, physical inactivity, actual hypertension, 
triacylglycerol levels, total cholesterol/HDL-cholesterol ratio, and high-sensitivity C-reactive protein levels. 
Results: Mannan-binding lectin serine peptidase 1 (MASP1; OR per SD 1.77 [95% CI 1.26, 2.47]), thrombospondin 1 (THBS1; OR per SD 1.55 
[95% CI 1.16, 2.07]) and glycosylphosphatidylinositol-specific phospholipase D1 (GPLD1; OR per SD 1.40 [95% CI 1.01, 1.94]) were positively 
associated with prediabetes, and apolipoprotein A-IV (ApoA-IV, 0.75 [95% CI 0.56, 1.00]) was inversely associated with prediabetes. MASP1 
was positively associated with fasting and 2 h glucose levels. ApoA-IV was inversely and THBS1 was positively associated with 2 h glucose 
levels. MASP1 associations with prediabetes and fasting glucose resisted Bonferroni correction. Type 2 diabetes associations were partly 
influenced by glucose-lowering medication. 
Conclusions: We discovered novel and independent associations of prediabetes and related traits with MASP1, and some evidence for 
associations with THBS1, GPLD1 and ApoA-IV, suggesting a role for these proteins in the pathophysiology of type 2 diabetes. 
 
 
IS23 
From Integrative OMICS to Predictive, Mechanistic Models 
L. Kaderali1 
1University Medicine Greifswald, Institute of Bioinformatics, Greifswald, Germany 
 
Technological advances in the last decade have transformed the biomedical sciences, and have led to an exponential increase in experimental 
data. Todays Biology and Medicine are very data-rich sciences, and correspondingly, computational data analysis methods and bioinformatics 
approaches are rapidly gaining importance to extract knowledge from the wealth of experimental information. Agnostic, hypothesis-free 
approaches are increasingly being used to automatically learn from data, and data mining and machine learning tools can not only infer 
predictive signatures of e.g. disease and disease progression or treatment response, but may even hint at underlying mechanisms. 
A particular challenge is the integration of different types of experimental data, such as genomic, transcriptomic, methylomic and proteomic 
profiles, and their integration with clinical and phenotypic data. While large numbers of measurements are available on each individual sample 
or patient, often the number of different samples is limited, leading to problems with overfitting of computational models. Different measurements 
scales and platforms further complicate integrated analysis. One solution to these problems is to focus on molecular networks and pathways 
instead of individual marker genes, making also the biological interpretation of results easier. 
In my talk, I will give an overview over different data mining and data integration methods used for the analysis of high-throughput OMICs data, 
and I will discuss how predictive and also mechanistic models can be derived from such data. I will illustrate this with examples e.g. from cancer, 
infection research and ageing, and will show examples both from basic research as well as clinical applications. 
 
 




