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Abstracts presented atd®Oworkshop

HUPOO03

Longitudinal Proteomics of Cardiac Tissue HdigisliDecrease of Matricelullar Proteins in Left Ventricular Assist Device Therapy
J. H. ShahinirB. MayérS. TholénH. FullgrafS. KieférP. BronsériK. BrehfM. L. Binios$ek). HeizmafrC. Heilmafn

F. Reutér M. GrapowO. T. Reuthetit, F. EcksteinF. Beyersdérivl. SiepeO. Schillig

1University Hospital Basel, Division of Cardiac Surgery, Basel, Switzerland

2University of Freiburg, IMMZ, Freiburg, Germany

SUniversity Medical Center Freiburg, Institute of SurgicalfPathoigggiermany

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 devicerdliaAD)tearttee my
Mehods: 11 patiematched samples of myocardial tissue, harvested at time of LVAR Wit (peart transplant-(posb) were
studied by quantitative proteomics, employing chemical stable isotope labeling and multidimensional fractionation.

Reasllts: A core set of > 1700 proteins was reliably identified and quantified. Limma statistics and gene onltitfipe @ cticdtarent hic
of depleted or enriched proteins upon LVAD therapy. Of particular note are reduced myocardialdepettensn@icederiostin),
complement proteins, and natriuretic peptides A. These findings are corroborated by multiple, publishetbrdporspéctcontrast
matricellular proteins, the extent of cardiac fibrosis, assessed by Swiug, Red stat significantly affected by LVAD therapy; th
highlighting the distinct roles of matricellular proteins in the extracellular milieu. Generally, we obseregdnpityniimehe heter
proteomic response to LVAD therapy. In additmnforiadiic analysis, we observed that LVAD therapy affected endogenous pro
processing in the myocardium, with an impact on several canonical cleavage sites.

Conclusions: Our findings suggest a pronounced and likely beneficial impactyan ihveDripecapdial proteome composition.

HUPOO04

In-depth Protein Expression Analysis of Histamine Stimulated Human Umbilical Vein Endothelial Cells to Evaluate Functional
Selectivity of Histamine Receptor Ligands

P. E. EmirbayeA. Sintt& V. Ignatenkd, T. Kisling&t M. Pischetsrietler

IFriedrict\lexander Universitat Erlaigenberg, Erlangen, Germany

2Princess Margaret Cancer Centre, Toronto, Canada

SUniversity of Toronto, Department of Medical Biophysics, Toronto, Canada

Histamine recepgare a sutlass of GPCRs, which activate for example intracellular immune response. Therefore, their ligands a
drugs for example against allergic reactions. Functional selective ligands bind to the target receptorbarttinicuieil aliffefifarity,
cellular reactions, e.g. by selective activation of-Grutfmiarrestin pathways. This biased signaling may lead to drugs with a r
specific activity and less side effects. For an evaluation of functional selectoeptostigaingsrea comprehensive analysis of cellule
protein expression upon their receptor binding is required.

The first step of our study was therefore to adalytedhanges of protein expression upon histamine stimulation of human umbili
endothelial cells (HUVECS) using shotgun proteome analysis. Based on these results, target proteins wereesel8&&tl for s
analysis. For this purpose, changes-célilnfea and secreted proteomes of HUVECs with and without histanieectraadigezad by
nandflow liquid chromatography coupled to an Orbitrap tandem mass spectrométes gsiagtidegion via MaxQuant software. The
guantification of selected secreted proteins was later confirmed by parallel reaction monitoring.

Thus, 6651 protein groups (PGs) were identified in total. hréddeahiitd/ECs, 125 secreted PGs and 144 PGs in the whole cell |
showed expression levels, which were biologically and/or statistically significantly altered comgaredritahdruatidaion, we
identified several proteins, which are part of known G pbetaiestmdsignaling pathways. Further pathway analysis confirmed
significant enrichment of theB\N#hd TNF signaling pathways, cytgtokime receptoteractions 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 respogseeus figtamine receptor ligand. Now,
GPCR mediated signaling can be monitored in a multidimensional manner allowing the evaluation of the plesrmadalogiral prc
efficacy at an early stage of the drug development.

HUPOO06

Plasma Proteoigs in Epidemiology:

Very LowDensity Lipoprotein Associated Apolipoproteins PredictCardiovascular Events and Are Lowered by Inhibitiin of ApoC
M. Mayr

Kingbébs College London, Kingés British Heart Foundation C

Routine afipoprotein measurements for cardiovascular disease (CVD) are restliciad appaBoMere, we applied a standard flow
liquid chromatography mass spectrometi$)(In@=thod to samples from the corbasedylongitudinal Bruneck Study (year 2000
evaluation, n=668). We have reduced the run time to almost a third of thiSaaqflmadiCIn addition, the standard flow method al:
offered less variation in protein measurements. The associations of 13 apolipoproteins, 135 lipidtispe plaspen@rdidins with



Proteomic Forum 201

incident CVD (91 events of stroke, myocardial infarction, or sudden cardiac death) were assessed progsctigalydofz808 10
2010). The apolipoproteins most significantly associated with incident CN[razard agtCper 1 standard deviation, 95% confidenc
interval: 1.40, 1:167), apodl (1.38, 1.177.63), and apoE (1.31, -1.53). Associations were independent-@érsig lipoprotein
(HDL) and nétDL cholesterol and extended to stroke aadliadyiofarction. The lipidomic and proteomic profiles implicated these 3
lowdensity lipoprotein (VE&dspciated apolipoproteingleénnovolipogenesis, glucose metabolism, complement activation, bilc
coagulation, and inflammation. Notablyt|/apo@ll/apoE correlated with a pattern of lipid species previously linked to CVD risk
changes in apolipoprotein and lipid levels following treatment with volanesegeerratisacantisense drug targetinglppo&e
determined in tlvoman intervention trials, one of which was randomidéihtMpitiGn by volanesorsen reduced plasma levels of apc
II, apo@ll, triacylglycerols, and diacylglycerols, and increaseppafib/and apoM (all P<0.05 vs. placebo) withauy afie&io0
(P=0.73). In summary, the multiplexing capabilt$ afidrt€ases throughput and reduces the costsaafi¢apgetein measurements in
epidemiological cohorts. The strong associationsasgadifded apolipoproteins with inciderm @\Dgéeneral community provide
support to the concept of targeting triacygtychpolproteins to reduce risk of CVD.

HUPOO7

Exogenous blood plasma peptides

G. Arapitl? M. Osetro¥a T. Savele¥g P. Pavlovith O. lvanovaV. Shendet. Butenké N. Anikand¥ R. ZiganshirV. Ivandv

V. Govordi:3

1Shemyaki@vchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, Laboratory of proteomics, Mosc
Federation

2Moscow Institute of Physics anddlegi (State University), Laboratory of systems biology, Moscow, Russian Federation
SFederal Research and Clinical Center of-€hgsidtal Medicine, Laboratory of proteomics, Moscow, Russian Federation

Blood as connective tissue may contain @ptidats of any protein of an organism. Among peptides found in blood are protein fr
secreted by different tissues and performing their function in plasma, receptor ligands (hormones, cytokiedistars). respons
addition, minor amourgepitide markers of the processes occurring in the body can be detected in blood (for example, tumor me
foreign peptides related to pathogenic organisms and infectious agents. The study of blood peptidome cabpuhdtiedstainatior
processes occurring in the body.

We performed IMS/MS analysis of blood plasma samples of 20 healthy donors. Sample preparation was carried out based on
developed high effective and reproducible method of peptide extraction fromahdnpéesseuWe used a cooperation approach fc
identification, based on two search engines (Mascot, and X! Tandem) and validation based on machine leamg@tentiimraimatogray
and analysis of synthetic peptide spectra. We searched ¢hef datavashuman protein sequences, transcripts which are now refert
as long necoding RNAs and proteins of various human microbiotas.

As a result of mass spectrometric analysis of healthy donors blood plasma we identified more thadte 4é9mantgiefpentan
proteins, about 30 peptides related to transcripts that were previously considecediag RNg\s@md more than 400 peptides relatec
to microorganisms belonging to different human microbiotas. Peptide identifidatioed byeserzonber of bioinformatics approache:
and with the help of synthetic peptides.

This work was supported by the Russian Science Foundation (pbGj@0LBID). 14

HUPOO08

Proteomic and Lipidomic differences of the plasma elimination rateof lgpoprotein apheresis methods

G. SchmitzS. WallngrS. MatysikJ. GralerC. BorchetdJ. JulidsH. E. Meyer

1Institute for Clinical Chemistry and Laboratory Medicine, University Hospital Regensburg, Regensburg, Germany
2Apheresis Centertlae University Hospital Carl Gustav Carus at the Technische Universitat Dresden, Dresden, Germany
3Proteome Center, University of Victoria, BC, Canada, Victoria, BC, Germany

4L eibniznstitut fir Analytische WissenschiSts® e. V. , Dortmund, Ganm

Introductionlipoprotein apheresis allows the elimination digdpseoieins in higbk patients for atherosclerosis. Functional principle
include filtration (MDF, MONET), adsorption (Liposorber D, Therasorb and DALI) and prabipizidor it poteomic, lipidomic
and miRNA analysis before and after apheresis to identify differences between the apheresis methods.

Materials and Methods9 patients with elevated LDLc or Lp(a) were randomized to one of six different tré&inBiOdroups.
Proteomics was performed for 123 proteS/E8lipidomics for 450 species and genome wide miRNA analysis before/after aphe
Results:All apheresis methods efficiently eliminate LDL and Lp(a) particles, but there aresmgsficantldiffeand HDL (MONET),
sdLDL (Liposorber D, Therasorb), and extracellular vesicle (EV) associated proteins, ligiti3l-proteinfEAd lipids were most
affected by the filtration methods MDF and MONET. In general, proteomicteamybégidoenfighly dependent on the used apheres
methods which eliminate complexes differencing in their elimination rate as soluble proteins, lipoproteimsator \tetditeainflan
(acute phase, complement, thrombosis/lhemostasis) varieheetpemasis methods. Therasorb led to a stronger reduction of
neuronal disease marker ApoD than other used methods. Analysis of the elimination rate of microparticle RdlAslipdataies and |
that the apheresis methods differ also ireftlse@ncy to eliminate EV andEXoromponents, and that miR45l1a (micro
hemolysis/erythropoiesis), miR5 ##iR923, miR940 and miRNA1281 (bile acid metabolism) are significantly altered during aphe
potently by DAdpheresis.
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ConclusionAl techniques lowered standard lipoprotein parameters comparably. However, there are method specific difference
on individual proteins and lipid species, EVs and lipoprotein subclasses (e.g. remnasish $dlDDIaneLMRNAS, shawaighe
methods clearly differ in their efficacy to eliminate therapeutic targets. Proteomic, lipidomic and epigefetio aetiysistnaiiy h
individual patients for the most efficient apheresis method.

Abstracts presendet Blews Corner

NCO01

Comparison of different proteomic sample preparation protocols for quantity limited material
U. Distlér M. SieldffS. Tenzér

IUMC Mainz, Institute for Immunology, Mainz, Germany

Introduction Sample preparation and processing highly impstsitilidy, accuracy and reproducibility of anyppttot@omics
workflow. Over the past years, several protocols have been introduced that aim at the preparation of sadpreguaiiti. are limit
ObjectivesWe carried out an independenqtac@mon between the recently describedPStrfgtditPhaseenhanced Sample Preparation
(SP3), Filter Aided Sample Preparation ¢A8R)commercial kit based ondtaga Tip (iIST) mefaad assessed their performance
for the processing ofgwotic samples in thedgwange.

Methods:Varying amounts of HelLa cell lysate2§2@ of protein) were processed using either SP3, FASP or the commercial s
preparation kit from PreOmics GmbH (Martinsried, &errgptig)digests were analyzed -MSL&halysis onSynapt G3 HDMS

mass spectrometer (Waters) coupled to a nanoAcquity UPLC system (Waters). Data were accfjinedda B8AIE¢SOMEd béfore
Data processing and analysis was performed in PLGS 3.02 (Waters)“‘and 1ISOQuant

Results In the presestudy we focused on the preparation of starting materia¢gnréimgéo(20.25¢g of protein). Processing protein
amounts below 10 pg, we found that SP3 outperformed FASP in terms of numbers of identified peptides amdquanititasives well
reproducibility. SP3 and iST showed very similar perfdneramtigedtihg 1.25 pg of starting material both methods still enablec
identification of around 3,000 proteins and between 25,000 to 30,000 peptides. On average, the quantittinee nefcichicadility b
replicates was slightly higher in L&888&2= 0.99 (SP3r2= 0.91 (iST)).

ConclusionWe found that the SP3 protocol introduced by Hugbbevee@lthe best performance as compared to FASP and iST w
only minute amounts of starting materiaby(oé ptoteins) were available.

References
[1] Hughes, C.S. el Syst Bit 757 (2014).
[ 2] Wi Sniewski . J. R., N&Wdathgdaadse362 (2009). Nagar aj , N. , Mann, M.

[3] Kulak, N.A. ethét Methodkl, 319324 (2014).
[4] Distler, (Kuharev, J., Navarro, P., TenZ¢at $rototl, 795812 (2016).

NCO02

Detecting the special ones: automated identification of modifications and mutations in MS/MS VIRUS proteomics-data using tac
based searching

F. HartkohfT. Muth J. DoellingeB. Y. Rendrd

IRobert Koch Institute, Research Group Bioinformatics (NG 4), Berlin, Germany

2Robert Koch Institute, ZBS 6: Proteomics and Spectroscopy, Berlin, Germany

Within the last decade, mass spectrbasstdyanalyses have become much fasteoranaiccurate due to improved instrumentation
Hence, this matured performance enables the robust protein identification in proteomic studies. While thenapeadiesisnef ihe hul
performed in routine fashion, proteomic studies of smadidél(@@anisms, such as viruses, still result in an unsatisfying outcome.
most common obstacles present high mutation rate and decreased proteome size of viruses. Another handicemisethe proc
samples, consisting of human proteins, ‘eins miodifferent strains and sample contaminants. In particular, contaminations
chemical modifications of peptides or an addition of compounds foreign to the sample.

To overcome these shortcomings, we here present a computational priseontichvpodkfides sensitive protein identification with t
key features of detecting mutations and modifications. In our pipeline, the first step is to identify spdoterdyhelbase dittatiase
search using M3+ [2] for protein ideatifin. In the second step, de novo sequencing is used for processing unidentified spec
unidentified spectra from the previous database search are excluded to decrease the overall running time[3[lig adgokritbm Nov
reliable generati of sequence tags based on their amino acid score. The tags are used for subsequent peptide identificat
mutations and modifications using calculated mass shifts. In a refined database search round, most uni@édiikesdl tspectfi can b
peptides, proteins and eventually species.

The workflow was evaluated on experimental and simulated MS data and yielded high confident results. Sinees thiee Sallych pal
customizable, our tools can be applied beyond the spesdfiof wsrisand pathogen proteomics. To reach a high interest in all disciy
the pipeline is surrounded by driesetly graphical interface in addition to the option to run it via command line for batch ane
benchmarking. Since strain agpaiby high throughput methods becomes more valuable for virus proteomics [3], the inclusion of
is inevitable for this pipeline.
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References

[1] Ma B, Novor: rale peptide de novo sequencing software. J. Am. Soc. Mass Spectd@85Rusb) 2

[2] Kim, S and Pevzner, PAGMEmakes progress towards a universal database search tool for proteomics. Nat Communicati
5:5277

[3] Doellinger J, Schaade L and Nitsche A. Comparison of the Cowpox Virus and VacciniarVirustdbahereAviglysis of the
Speciesand Straipecific Proteome. 2015, PLOS ONE|DOI:10.1371/journal.pone.0141527

NCO03

Integrated reporting of search results from sequence databases and spectral libraries
J. Cottré|ID. CreasyV. KoskingrF. Ripp

IMatrix Science Ltd., London, United Kingdom

The potential advantages of spectral library searching for peptide identification are well known [1], andathe wieetbddas gen:
complementary to searching sequence databases. One barder ts¢hefwspectral libraries has been the complication of reconc
separate sets of search results.

In Mascot Server 2.6, we have integrated searches of Fasta files with spectral library searches using MSP2hS&éneh from
submitting a seAr@any combination of amino acid Fasta files, nucleic acid Fasta files, and spectral library files can betiselected.
of a search, all matches are presented in a single report, formatted as a protein family summary [3].

Protein inference fordiy search results presents a challenge. The entries in a library are peptides, not proteins, which mean:
level information is only present as annotations. Such annotations are optional, and may be missing entitledy reibdityifigresent
unknown and annotations rarely extend to more than a single accession per library entry, which means tlikbprotagcimésecnce
for shared peptides.

Our solution is to require a reference Fasta database to be specifiecafgrfiEaethén it is added to the system. The default
SwissProt, with an appropriate taxonomy filter, but any online Fasta can be chosen. This permits most liyoaegdedotiikes to be
accessions in the reference database. This mappingtiedseguance 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 assimédaeddatesEldising

the set of spectra where the librarnastadréturn the same match and the Mascot match is significant. Expect values are assigr
library scores so that the distributions have the same mean and variance for both library and Fasta.

References:

1. Griss, J. (2016). "Spectral libraryisgangbroteomics." Proteomics 16(&30.29

2. Stein, S. and Scott, D. R. (1994). "Optimization and testing of mass spectral library search algorithmifidatiaraimpoAnd iden
Soc. Mass Spectrom. 5:@5H9

3. Koskinen, V. R., Emery, EZréasy, D. M. and Cottrell, J. S. (2011). "Hierarchical Clustering of Shotgun Proteomics Data." N
Cellular Proteomics 10(6).

NCO04

Accelerating Data Independent Acquisition with Microflow Chromatography
Z. Demianoyal. DojalnN. MorriéeR.Van SoestC. L. Hunger

1Sciex, Darmstadt, Germany

2Sciex, Warrington, United Kingdom

3Sciex, Redwood shores, United States

Introduction Data independent acquisition (DIA) strategies have been used to increase the comprehensivenessviuifedata cc
maintaining high quantitative reproducibility. Many labs are now using DIA to perform larger scale quardiiatimetproithosolidexp
reproducibility on 1000s of proteins in complex matrices. As this technique increasinglgliorteelsfto beomarker research, larger
sample sets are being analyzed, driving the need for further investigation of workflow improvements for thessgtereand r
microflow LC with 15cm columns &@ib gradients was investigated imatombiwith SWATH® acquisition, to assess depth ¢
coverage and robustness relative to current nanoflow strategies. In addition we describe the improvemeits copessgje gitantita
SWATH® acquisition using longer uLC columns and gradients.

Mehods:Separ ati on of a trypsinated HEK cell l ysate was perf
single 15 cm x 0.3 mm ID 3 pm C18 column, and a 30 cm long column by coupling two columns together. Gradigets of 45
where used. Total protein injected on column range8 figniThe MS analysis was performed on a TripleTOF® 6600 system (SC
Variable window SWATH® Acquisition methods were built using Analyst® TF Software 1.7. Replicateipjstionsafditich
were processed using SWATH® 2.0 Software. All protein and peptide numbers reported were determined at <1%§PDRend <2(
5 replicates collected.

Results and discussioftigher sample loads up to 8ug and increasing fuvabeldeosized Q1 windows provided progressively mo
guantified peptides and proteins. Under the final conditions, ~5000 proteins can be quantified from aacelhtysatiengrfri@meanin
comparison to previous nanoflow results, we adfsigvef 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 clomépning the
column with the 100 min gradient, increased nunietifiadilg 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 achigwase with faster run
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NCO05

QuiCda fast, easy to use QC monitor that allows you to ge@&atadouts in real time from raw files of various vendors and
workflows (MRM, PRM, DIA, DDA)

I.Liene# E. Marfy L. Reitér

1Biognosys AG, Schlietarich, Switzerland

LCMS based proteomics has become the method of choice for the idénfiferatifaraton of a high number of proteins in large samj
sets, for example in large cohort studies. Robust and accurate quality controls (QC) during data acquisitisurar¢hasseghial to
quality data with low systematic errors isdc@liecieosys has developed a QC tool that is simple, easy to use and interpretable
mass spec experts. The tool handles all proteomics workflows across different vendors: it generates QC seatidimsrifnom raw
Fisher and Sciex mass speetiers across multiple workflows (MRM, PRM, DIA, DDA). The tool provides an active Q@ue of |
analyses that supportstiesd folder monitoring. Moreover, iRT-paptidaeadouts are also provided for all workflows, while for DIA
DDA a b&ground library can be specified and additionally targeted to better QC the samples and sample processusgrd his too
to judge data quality and intervene as needed to prevent sariie fiaashlE€ and low data quality.

NCO06

Microfluide freeflow electrophoresis for protein separation

P. Novh M. Dell' AigeR. P. ZahédD. Janasék

1Leibnignstitut fuer Analytische Wissenschies e.V., Dortmund, Germany

Microfluidic frélew electrophoressEKE) grants several adgesaas compared to the bemghormat, such as faster separation of
minute sample amounts as those typically processed in proteomic workflows. Furthermore, it offers the@adisiglity tohetirect
downstream methods such as mass spegtidavediver, existing literature on the subject reveals fabrication issues that might con
simplicity of application and limit its implementation in the laboratory. In this work we made the firsirafdpdadatmicitp desice,
namelyythe use of polycarbonate membranes for separating electrode reservoirs from the microfluidic chamber \ahatedanalyte
byeFFE. To assess our initial developments potential, we performed the separation of a seven protein focusirgimiedelagthic
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 forsproteomic application
The microfluidic device comprises 4 inlets for the injection of analytes and sheath buffers, 9 outlets fointn&igtticsepaaation
microfluidic chamber separated from reservoirs at the sides via polycarbonate membranes. Elexzsatterepkveiaate used to
apply an electric field at the separation chamber causing charged analytes to deviate perpendicularly Sodinarflowddmecion.
phosphoric acid, and a protein mixture of known pl"s dissolved in milkingatesirdentampholytes were used to demonstrat
separation in isoelectric focusing mode. HERE ®bifer and the same protein mixture dissolved in #iEP#E/bisused to
demonstrate the separation in zone electrophoresis mode.

Figure 1 and show the separation of protein pl markers in isoelectric focusing and zone electrophoresis modes, respectivel:
validated by MS show the separation of proteins into 9 fractions, a substantial complexity improvement aglitestyraréu tteeexistir
field.

A microfluidic device of simplified fabrication procedures and for the separation of proteins was demongirbtedeFotunedvark w
further simplifying fabrication procedures, increasing the number of outletsefjpaiatiopasemblution and optimizing protein separatic
protocols. Currently, we are working on the separation of proteins from whole cell lysates and itspatittatioetlyy mass
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Fig.2 uFF zone electrophoresis
separation of protein pl
markers. Normalized protein
amounts as determined by MS
plotted as a function of outlet
position,

Fig.1 uFF isoelectric focusing of protein pl markers
monitored by fluorescence microscopy. A} schematic
WFFE device top view with indicated flow rates and
example of the separation of a mixture of 3 protein pl
markers. B) Measured pH gradient as a function of the
outlet position. C} Fluorescence intensity at the outlet
region: (1) photograph of the pFF-IEF device during
operation; {2) zoom from (1}. D) The full line corresponds
to a plot profile from (2] as indicated in that figure, and
dots correspond to the qualitative band center positions
and the average pl of the expected protein pl marker
isoform at each band. E) Black line: result from the FFT
high pass filter from the data obtained in {D}; colored
lines: deconvoluted peaks from the filtered data. Data
processing was carried out using built-in functions in
Origin2016 (OriginLab).

NCO07

Proteotyping enables grouping and classificatfdriiogas plant microbiomes

R. HeyérF. KohitsD. BenndérK. Schallért). deVriezeE. RaphU. Reich#

10tto 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 appmifethitwothial analy
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 aplied workflow comprised protein extraction with phenol, tryptic digestion, peptide separation by liquid dulotmatograj
tandem MS (Elite Hybrid lon Trap Orbitrap), and data analysis using the MetaProteomeAnalyzer software [2¢ Sotikedyently,
was investigated by cluster analysis and principal component analysis based on the identified metaproteiriprdbkeyamids and
of biological processes. Finally, a correlation analysis was performed for process padengfied gl e

Results

In general, BGP microbiomes were time stable and could be associated to subgroups related to process tengpeeatdre, rea
feedstock. Alterations in this grouping could be linked to changes in substrate sspeinpedpnedn one instance, a strong shift ir
the protein profile was linked with a major drop in the biogas production caused by acidification.

Conclusion

Application of lasgmale microbiome proteotyping enabled the identification of cetwelatignedess parameters, process states anc
microbial communities.
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[1] Heyer, R., et al. (2016). Proteotyping of biogas plant microbiomes separates biogas plants accordingr ardaesstmmpers
type. Biotechnology for Biofuels, 9, 155
[2] Mth and Behne et al. (2015). The MetaProteomeAnalyzer: a pesoeritd gpéware suite for metaproteomics data analysis a
interpretation. J Proteome Res.1413657
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NCO08

Protein arginine phosphorylatiorStaphylococcus aureus

S.Junkel S. MaalRA. Otth M. Heck&rD. Bechér

lInstitute for Microbiology, Microbial Proteomics, Greifswald, Germany
nstitute for Microbiology, Greifswald, Germany

Staphylococcus auremserged as an important human pathogen and is the gamsativa high number of nosocomial infections
Therefore, investigation of the phosphoproteome will help to decipher molecular and cellular mechanisms rikais uanutrlie pe
virulence. In addition to thekm@Wn phosphorylations on serirmitieend tyrosine residues and phosphorylations on cysteine, hist
and aspartate residues, the phosphorylation at arginine residues is likely to play an essential, but masily Gikrankositive rol
bacteria. Therefore we decided tastliipe phosphorylations in greater detail.

S. aureu€OL possesses the protein PtpB which was assumed to be an arginineTphosphatagen st r uct i omptBo f t
therefore aimed to increase the level of arginine phosphorylations, making them more accessible to proteonecappéipses. Her
geHree method to analyze the changes in the phosphoproteoinesaf theode ptnand thenwtld tyge, thereby focusing on arginine
phosphorylations.

In order to enhance the number and reproducibility of identified phosphorylation sites at arginine residires phcsisatytdtad)i
peptides was chemicafiythesized. The analysis of synthetic peptides and experimental data by spectral library based methods
additional tool (besides classical database search) to address the challenges of analyzing arginine phospleoaytaiinbhimédle pro
spectral library based on phosphoenriched samples, synthetic arginine phosphorylated peptides and classicaleriotg @& samp
of the theoretically predicted proteome. 396 arginine phosphopeptides allowed the identification oh@fatiqyiniesghhsisply
within the mutant after spectral library search. This identification of putative targets of PtpB allows fifirther physitiggiiath
relevance of arginine phosphorylations and provides the basis for reliadnheodaagitifica phosphorylati@isaiureus

NCO09

Identifying coding genomic variants in proteome analysis without the customized genomic databases.

M. V. Ivand¥ L. I. LevitskyA. A. Lob3sS. A. MoshkovakiM. V. Gorshkév

lInstitute fdEnergy 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

4Progov Russian National Research Medical University, Moscow, Russian Federation

1. Introduction

Proteogenomic studies are focused on identification of variant peptides using customized databases. For rtteesenseanches,
RNAseq data, are requl, while the variant identification without using the customized databases is challenging. Yet, the ide
somatic mutations expressed at the proteome level without a need for exome sequencing is appealing anddareditimg perso
approaches, especially, in the cancer research.

2. Objectives

The main objective of this work was developing approaches for variant peptide identification without a ubasefscabtontized dat:
proteins.

3. "Materials & methods"
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The first propossthrtegy is a modification of the-8epech” approach, where the mass tolerance was increased for mass ranges
amino acid changes are possible only. The second strategy tested was a "brute force" approach based on waryoigl the sil
resdues in the sequences of targeted proteins. Both strategies were tested on pubidig/M&@ikaideck@me data o6REChncer

cell lines. The workflows developed in this work were further integratetiowitkeirdéveloped Pythased opesource proteomic
search engine Identipy.

4. Results

The sensitivity of the two proposed strategies were compared with the most common proteogenomic approaché&eemployir
genomic database generated using exome data. Overall, 50% oflearidehfifigd using customized databases still can be found
the proposed strategies. At the same time, we found highly confident variant identifications, yet not confabeesk withesgrome «
identifications can be attributed to peptide esegoeifications mimicking single amino acid substitution with identical mass chang
scale of this effect and its consequences for the "standard" proteogenomic search using the customized dattdzhse was also eve
5. Conclusion

The proposed stragsghave lower sensitivity and specificity compared with proteogenomic approaches employing the customiz
However, they are not requiring the exorsetRI#a. Also, these approaches reveal the problem of potentially significargly undere
FDR for the existing proteogenomic workflows.

NC10

Tissue homogenization for proteomics by laser ablation with the picosecond infrared laser

H. SchliiterM. Kwiatkowskil. WurlitZeM. M. F3hL. HeikagsP. SteffénR. Nimé&rA. KrutifinN O. HansénS. Uschadld
H. PetersénD. Millér

1University Medical Center Harippendorf, Mass Spectrometric Proteomics, Hamburg, Germany

2Max Planck Institute for the Structure and Dynamics of Matter , Hamburg, Germany

SUniversity Medical Centanblurdeppendorf, Department of Otolaryngology, Hamburg, Germany

Introduction: Tissue homogenization is a critical step in the analysis of proteomes. By mechanical homotgrazegtion then no
tissues are well dissolved. As a result, tiba fshinsoluble material of the tissue is remaining in the sample, which after centri
usually is discarded and therefore the proteins within this fraction are lost. Furthermore to the insolubitieimaateyidirathiey pr
absorption anduithare also lost after removing the pellet after centrifugation.

Objectives: The picosecond infrared laser PIRL), developed by Dwayne Miller, is promising to yield more homeigeteres homo
ablation because of the desotptiorpulsivexcitéion (DIVE) effect.

Materials & methods: We tested PIRL as a tool for homogenizing different tissues with different rigidites tiksueaindissussle
tissue. In addition we compared the efficacy of sampling tissue with PIRbrhamibgethizelissical mechanical homogenization b
analyzing the resulting homogenates wRAGES2limensional electrophoresis (2DE) andumfiteomics.

Results: In PIREsue homogenates we observed a higher yield of total proteinigheyun&dd ahthe number of proteins identified witl
proteomics and lower number of proteins which are proteolyzed during the homogenization process. These papithirgek bylts cal
a much more homogenous homogenate containing no ing@isbnchateery fast ablation process reducing the rate of proteolysis
release of proteases from their compartments.

Conclusion: In summary PIRL is a more efficient instrument for the homogenization of tissues than conventietiabf ginogenizatic
a better access to the original protein species composition being present in the intact tissue.

NC11

Adaptation of the filamentous fundispergillus nidulan® low temperature stress

B. Harif T. KrigérB. Burik D. Matteind. Overma®®. Kniemeyer A. A. Brakhage

1L eibniz Institute for Natural Product Research and InfeciidtaBadogilinstitute, Department of Molecular and Applied Microbiolog
Jena, Germany

2| eibniz Institute DSMZerman Collection of Microorganish@e#l Cultures, Microbial Ecology and Diversity Research, Braunschwe
Germany

SFriedrich Schiller University, Institute of Microbiology, Department of Microbiology and Molecular Biology, Jena, Germany

Natural products serve as mediators of bicbogicahication and as a valuable source for pharmacologically relevant componel
genes involved in the production of these compounds are usually organized in clusters. To elucidate thapauieds @i odiwced co
by an organism, differeesstfactors can be applied to induce silent gene clusters. Fungi naturally encounter sharp temperature
environment. To explore the range of bioactive compounds formed at low temperature stress we investigatad pret&amscriptor
profile oA. nidulanat 10 and 37 °C.

As a response to low temperature stress, genes involved in the categories of cold stress protection, cell syexeégisneht and
natural products wereegulated. These findings were confirmed orithéepebtaa comparative grelsed (DIGE) and-yeé (LE
MS/MS) proteomic approaches. Moreover, the specific formation of natural products at low temperature wasbotitditeved [af the n
LGMS/MS. Our analyses revealed on genetic amdepebtéhe induction of factors, which regulate the sexu&l nididaimOn
metabolic level the sporogenic factor PsiA was found, which regulates the spore balance between asexual &phsaxkush spore
addition, some of the idenséedndary metabolites like asperfuranone have been reported to trigger morphological differentia
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exhibit angiroliferative activity. Further activated secondary metabolite gene clusters have unknown functions. Experimr
characterisati of the biological role of these cryptic gene clustgmsraye on

In summary, our study demonstrates that low temperature stress induces the production of a variety of sadanddunfaratdbolites i
represents a strategy to exploit théigdaiEfilamentous fungi as sources of secondary metabolites.

NC12

MSqRob: analysis of laede proteomics data in an R/Shiny environment

L. GoeminA@34 E. Van Quickelbefh&. Gevaért4 L. Clememt

1Ghent University, Department agdd\pfathematics, Computer Science and Statistics, Gent, Belgium
2V/IB/Ghent University, VIB Medical Biotechnology Center, Gent, Belgium

3Ghent University, Department of Biochemistry, Gent, Belgium

4Ghent University, Bioinformatics Institute Ghent (EénhNB¢)gium

Analysis of ladete quantitative mass spectrometry data is often challenging. Protein sequences are never completely coverec
identified in a given sample are often missing other samples. Common software-dnoldiblagrgmbiital user interfaces, but often
provide inefficient or even inappropriate statistical inference. Moreover, they are oftenlbaskedbomgaotEnvalues obtained after
summarization of peplidel data. We have shown that summmebnesdid pipelines perform suboptimal compared tbgseptide
models in terms of sensitivity, specificity, accuracy and precision. However, eventasstinggagtdauffer from (1) overfitting, (2)
unstable variances and (3) outliers. Corgethese approaches often point out proteins with very small fold changes, either beca
generated a lot of quantified peptides or because only very few peptides and a very small variance by random chance.

Here we present MSgRob, an R packaggtbieents the method of Goemtirad¢2016) [1]t tackles issues of existing péptiele
methods by three modular extensions: (1) ridge regression, (2) empirical Bayes variance eststimiatioandii3)Huber weights
and outperforms cotimge methods in terms of sensitivity, specificity and FDR estimation. MSqRoboptosalit ststizdacal
inference with simple and complex designs: it copes with multifactorial, block, repeated measures and tiroh sanestdesigns,
aralyzed properly in existing proteomics data analysis software. Finally, we also developed a Shiny graphltalanddSipRotace (C
which makes the analysis veryfriesaily and requires no programming experience. Our contribution fouseesf dhett&hiny
MSgRob GUI for data exploration, normalization, fold change estimation and statistical inference. This Qliladlpoigtogides gra
click tools to visualize the results in tables and volcano plots, and to evaluatentvenatizistiyiagtide level data of the discoveries
We illustrate our method on a case study with a repeated measures design that assesses early and late regpstisadiof inflam
macrophages of knockout antypéldnice (Figure 1). In thiy stod proteome of the same mouse is assessed over time. The adval
of this design is the increased statistical power because tseljettveariability can be eliminated from the estimation. However
data are correlated, which requires tberasee advanced statistical models. An example of the GUI output is given in Figure 2.\
that the proteins discovered by MSgRob are relevant for the biological process under study. Moreover, MBgRobtisirdsthable to
are differeatly regulated over time.

1. Goeminne, L.J&. al, Peptiddevel Robust Ridge Regression Improves Estimation, Sensitivity, and Spedi@pinpdenData
Quantitative Lalfede Shotgun Proteomislecular & Cellular Proteomics, 2016.
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MSgRob for MaxCuant data nput  Preprocessing Cuantification

DOKE !
Select the grouping factor (maostly

L ) Select the contrast you want to visuallze

KO _T1_1h-WT_T1_1h -
Select additional annotation
columns you want to keep Volcano plot Datail plot
Voleano plot MSgRob Pratain X
Selact fixed effects 35 -
3 - 2B 7
=
_ ®7 5 o2a-
Zelect random effects = X =
T 15 o -’E 2
0 % n -
. 5 =
Savelload options: 1 DM“‘ 1 -
Save the models o 11 T 1
O Losd existing models I L
Dan't save the models aslimats
Spacify the location of your saved Select and deselect points by clicking on I enly one data peint is selectad in the
madel fike them either in the volcano plot or In the resulta table, this plot shows the Indhvidiual
rasults tabla. Brush and double-click on the log2 peptide intensities.
Browsa...  project_ models !
selagad ama to zoom in, Doubla click Salect tie variahle
cutside thselecid vea o z00m out
Choose significance level 1o visualize -

Brrrraw Infirmatinn seenas fivard feeturas with an FDHR level balow alpha.



Proteomic Forum 201

Abstracts of ¥ung Investigator presentations

YIALl

Profiling the phosphotyrosine interactome of receptor tyrosine kinases

R. Zheng C. MerigB. Kusté?-3

ITechnische Universitaet Muenchen, Chair of Proteomics and Bioang)yBesamgisin
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 phosphorgkitienresidiieis, tyrhich leads to the
recruitment of proteins containing SH2 or PTB domains and then triggers the downstream signaling pathwagsanfhatigue the sl
interactors of these 58 RTKSs in driving these multiplex signaling events?

Methods

Around 900 phosphotyrosine peptides representing all intracellular tyrosine residues of the 58 RTKs were teya#dsiresk coup
beads and then used as baits to enrich the interactors from cell lysetiformaO@Bound proteins wergatigeith trypsin and
sequenced by MiS/MS on an Orbitrap mass spectrometer, followed by the protein identification and quantification in Maxquan!
Results

Among these binding partners, protein kinases were identified as a predominant grotingr Wwiéeestinge ioteractors such as E3
ubiquitiprotein ligase CBL, which can promote the degradation of RTKs, also occupy several phosphotyrosine residues.
mapping the interactome network of RTKs then reveals their relationsdtipgrinpartittiplex signaling cascades. For instance, tt
discoidin domain receptor tyrosine kinase 1 and 2 (DDR1 and DDR2) both interact with signal transducer eaiti@ct®ator o
(STAT2) which can transduce the signal straightly imoishenduegulate the cell proliferation. This illustrates their potential simile
transmitting the extracellular signals into the cell when activated by their respective ligands. Howeverg lpnoiphoy(e CR@soli
which gets involvedTicell antigen receptoediated signaling cascades, bound to DDR2 specifically in the residue Y684. Com
DDR2, DDRL1 recruits a novel player: Gpthkiftide SHDntaining protein (CISH), to possibly participate in the negative regulat
cytokines in JABTATS pathway by suppressing the tyrosine phosphorylation of STATS.

Conclusions

The global analysis of the proximal interactome of the RTK family provides a deep insight into the redundéing gradhsyegsfic si
mediated by receotivation.

YIA2

Dynamics of protein synthesis and degradatiéi(B2stimulated arabidopsis
P. Inmdr W. GruissépM. RobinsgrK. Baerenfaller

1ETH Zurich, Zurich, Switzerland

2Universitat Zurich, Zirich, Switzerland

Gene expression regulatian mukstep process that shapes the most central aspects of a cell. At its core, it determines protein
regulating transcription, translation and protein degradation yet the relative contributions of these reguéatwy wedebalnimsins a
on a systemgide level, especially in plants.

We quantified four aspects of gene expression aesaltiede genoméde scale using RNA sequencingSEY\Aranscription),
ribosome footprint profiling &ge translation), quantitativenoemeference SILAC MS (protein abundance) and dynamic SILAC
(protein degradation). All datasets were obtained from the same Arabidopsis cell cultures under contréihtoladiibio e tor fefist, s
the eliciteactive epitope of bacterigefia.

Analyzing the four datasets individually and in combination let us to the conclusion that the transcripgiolesiehstidveaidimon
largest response to flg22 stimulation. Only few genes show divergences in translation mpaptidrtal tresponse. The protein
data indicated that many but not all protein abundances followed the transcriptional and translational raguiatens Boatthe 1
maintained constant abundances despite transcriptional and transldditiora| wpreguld determine a coordinated increase in prot
degradation, counteracting the upregulation in protein synthesis.

Downregulated gene expression, in contrast, is mostly determined by a gradual reduction in transcriptios, tvehjototsiowly aff
abundances. The speed in which the protein level respond to the transcriptional downregulation dependsfaheahadividogér rate
protein.

In conclusion, our data shows that protein levels are mostly determined by tguiatoptiandl tee a lesser degree by protein
degradation regulation.
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YIA3

Optimizedie novapeptide sequencing and proteogenomics workflows to afimétiogene prediction
B. Blankandeshammigt.. Kollipa¥aK. Bi T. SchéllR. ZaheH{iM. Pfeminget;, A. Sickmahn

1L eibnignstitut fir Analytische WissenschiSie® e.V., Protein Dynamics, Dortmund, Germany
2Biodiversity and Climate Research Cenfip [B#tkfurt am Main, Germany

Recently, the costs of wheteme sequencing havaddiedecreased and thus it is readily employed in many research areas, from
to biodiversity research. The growing availability of raw genomic sequences gathered from hundreds of ditfsrantispdeies de
gene annotation methods.

While comonly used gene prediction pipelines are sensitive, their findings require profound empirical vdidstitataRratcadu:
valuable information not only by confirming the presence of predicted genes, but also in refiding tegiprateinell as in the
discovery of priorly unpredicted gene products.

Here, the pond siialdix auriculavieas chosen as model organism. Genomic data was obtained by shotgun sequencing and asse!
reads as well ab initigene prediction (MAKHRline) were performed, serving as basis for further proteogenomics workflows.
Sample preparation foM®IMS was based mainly on FASP protocol. Samples were digested with various proteases and subje
/lowpH RFRP LC separation prior to BSihalysis. Additionallfershinal peptides were enriched by-bhaegefractional diagonal
chromatography (ChaFRADIC).

Two different search approaches were employed: Firstly, conventional database search against the predidtehpatthingdatabas
spectra were further subjected to -stepvoeductive search approach against the assembled genome. Secondly, an inde
combinatoride novgeptide sequencing workflow was developed in order to identify peptides independent dfigevarkflowdata. T
was thoroughly qualitptrolled and leads to a threefold increase of peptide hits at 5% FDR compared to a single algorithm appro
Thus, a comprehensive datddet auricularaas generated. A total of 184,689 peptides coulddueas elitifctly matching to predicted
protein sequences, thereby confirming 50% of the annotated genes. Remarkably, another 26,015 peptides (19%m&OR) were
regions of the genome not initially accounted for by gene prediction, whitie 285328-pddtiwere identifietk movesequencing

only.

By introducing our novel combinatorial search approach for proteogenomics studies, this work providesha firstftrefiotoer of t
ofR. auricularia.

YIA4

Deciphering acute cellular pemise to Xay-, proton and carbon ion irradiation via quantitative proteomics and phosphoproteomics
M. Winté£ |. Dokic R. MayérU. WarnkgnA. AbdollghM. SchnolZer

1German Cancer Research Center (DKFZ), Functional Proteome Analgsi§dtsideib

2German Cancer Research Center (DKFZ), Translational Radiation Oncology, Heidelberg, Germany

QuestionRadiotherapy is a major field in cancer research. Recently particle radiotherapy came into foays, Gantitiay deposit
mo¢ of their energy to a small region within tissuealied 8vagg peak. This enables dose escalation in the tumor while sparing t
tissue. Differences between these radiation qualities at the molecular level are largely unknowim ordemtoovargiale this
knowledge we applied mass spectrbastdyquantitative proteomics and phosphoproteomics.

Methods:Human lung carcinoma cells were irradiated with 2 Gy carbon ions, 3.5 Gy protersysafce@reSgning biological
equivalet doses) and harvested 2 h after irradiation to uncover acute cell response. For accurate quantificatiofcadiglls were
labeled using SILAC. GBISIMS was applied for protein expression analysis and IMAC/TiO2 affinity enrichmenthfor analy
phosphorylation status. For validation of the obtained results and for functional studies synthetic isotopidiziselest @ lissphiope

a spiken as well as in pidwn experiments.

Results:We quantified 2634 proteins and 2818 phdgpheitda in the irradiated samples. Negligible changes occur at protein expr
level 2 h after irradiation. As phosphorylation is a much faster event than synthesis or depletion of pi@teires]iateoideadfikded
phosphorylation sitégerestingly, 55 of these show differential regulation between radiation qualities indicating for thal first tin
signaling triggered by different sources of radiation. For validation of these results, 28 phosphopeptidescoaefienseteotea to b
targeted spilie approach using synthetic isotope labeled peptides. With this experiment we were able to confirm the selected
checking eelution of endogenous and synthetic peptides as well as their correspondingp&iigmeR@tifunctional interpretation of
these results we are currently establishing a synthetic phospholosptidéragelyy to profile direct and pispsgific binders of the
selected phosphorylation sites. In a pilot experiment weysdereigfdlthe direct binding of MDC1 and 53BP1 to the Bi¥&ndouble
break markeH2AX confirming recently published results (Kleiner et al. 2015).

ConclusionsWe established a robust and efficient workflow for the investigation andhesldaiigtatiérp changes in response to
radiation. We show for the first timerélyaand particle based irradiations induce differential signaling events. With this we provide
study to better understand molecular effects induced badifferequalities and offer potential drug targets for radiotherapy module
Figure 1Experimental design of the proteome and phosphoproteome analysis to elucidate acute radiation response
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YIAS

Impact of gene overdosage in the hippgmss and cerebellum proteome and phosphoproteome
M. Ortedal. De Tordd E. Sabidd-3 M. Dierssép

1Centre for Genomic Regulation, CRG, CRG/UPF Proteomics Unit, Barcelona, Spain
2Centre for Genomic Regulation, CRG, Barcelona, Spain

SUniversitat Ppeu Fabra, Barcelona, Spain

Trisomy of human chromosome 21 results in Down syndrome (DS), the most complex and common genetic pestiediation leac
disability. A plausible candidate gene to explain DS phenotypic abnormalispedifidite tyuadine -PHosphorylation kinase 1A
(Dyrk1A), which regulates fundamental cellular functions and which overdosage recapitulates DS phenotyggjenddterations in
(TgDyrk1A). Its normalisation through inhibition of DYRK1Avikjnaselddte sufficient to rescue the cognitive and the neurc
phenotype. This could explain that epigalle8ajaelthia (EGCG), a green tea flavonol, which has DYRKZ1A inhibitory properties, in
the cognitive phenotype in trisomic Ts650as miek as in DS humans. However, EGCG #aggetadi 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 ad ghieosipipauerigmns
and the cerebellum of wild type and TgDyrk1A mice and the effect of EGCG. Quantitative proteomics datanexaisgiahinfvivo
Dyrk1A significantly alters cell functions such as mitochondrial regulation andteyteskiisfiahgtions also found in DS patients. Wi
also observed that EGCG can partially reselsddSrotein abundance deficits in both tissues. Interestingly, increased Dyrk1A d
the cerebellum compared to the hippocampus causes majortchisgyetional regulation affecting the proteome.

The laboratory of M.D. is supported by DIUE de la Generalitat de Catalunya (Grups consolidats SGR 2014/1NESJOSuppor
(SAF20139129C21-R) and EU (Era Net Neuron-PCIRBD60). The CRi& a Center of Excellence Severo Och@9BB208. The
CIBER of Rare Diseases is an initiative of the ISCIIl. The CRG/UPF Proteomics Unit is part of the Plataforatecdé&aiRscyrsos |
Bioinformaticos (ProteoRed) supported by grant PT1S@004naf Spanish Ministry of Economy and Competitiveness. We acknov
support of Secretaria dUniversitats i Recerca del Departament dEconomia i Coneixement de la Generalitat d&éBatalunya (2014

YIAG

Protein complex identification using camakibn of fractionation methods and ldkes quantification of complexome changes
M. Gorka A. Graf S. Streb

IMax Planck Institute for Molecular Plant Physiology, Metabolic Networks, Potsdam, Germany

2ETH Zurich, Zurich, Switzerland

- Is it possibte identify and quantify protein complexeshirohigput manner?

- In this project we aimed to establish a map of protein complexes which can be reliably detected in-tAeabiddpists ghalEma.

We used size exclusion chromatogra@hyd8anative PAGE (EMGE), blugative PAGE (BMGE) and analytical ultracentrifugation
(AUC) for the fractionation of protein complexes. Fractions were prepared for mass spectrometry analysis angerfeaswgeéments
by nanoHPLKS/MS. Theek point of our study was to invent an effective method for identification of protein complexes. We d
platform which enabled us to perform such studsthincagiigdut manner.
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- The majority of quantified proteins were detected in sirelicatiges complex formation regardless of the employed separe
technique. Based on these results, we aimed to identify potential interaction proteins using the fact that efehmotrinit/prot
complex should behave as integral entittheuriactionation and presumably display similar elution profiles.

Following the deconvolution of protein profiles into isolated peaks we therefore calculated for each datasmtahdoEwdlidean
combinations of deconvoluted peaks. To ithusttedd®ff in identification of interactions misclassified as positive (false positive
versus the proteins correctly classified as positive (true positive rateppeeateceilaracteristic curve (ROC curve) for Euclides
distance was gmated.

To further validate our strategy, we examined the elution profiles of proteasome which is consequently usethampsézramce p
test the quality of data sets.

- Preservation of profmiotein interaction (PPI) during complex eepslatved us to discover hierarchical organization of prot
complexes and enables to perform quantitative comparison study between the complexomes in different endrayenetital conc
backgrounds that led to better understanding of nsaahdeikimg cell regulation. Our approach can be applied to any biological sys
Figure 1 Schematic overview of the experimental workflow.

Figure 2 Graphical display of influence of combination different experiments and fractionation dietibadsoarethé eshape of
the symbols indicates the number of data sets that were combined while the color of the symbols shows hoadmang differe
involved.
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ISO1
Proteome centric precision hedtBhanging medicine?

J. Van Eyk

1Cedars Sinai Medicial Center, Medicine, Los Angeles, United States

Precision health requires success in two intertwined aspects: precision therapy and persomatimdnntieeiaime is”being able to
effectively treat the right disease; to have therapies that target for the correct pathological pathwaysn® eespricdiz dchgremtitig

a specific individuals disease based on accurate assessment theialdompdepathological status. Our underlying premise is that
individuals baseline proteome reflects their past and present and thus, will dictate their future health acdrdiseasetra¢kimgave
citrullinated proteins, an irreversiblieapskitional modification that can drive disease dysfunction as well as induce autoantibo
ability to quantify citrullinated peptides by mass spectrometry has been improved by combing searches agadstfathibrary c
maximal number dfutiinated peptides, data independent acquisition and downstream analytes. We have been able to iden
precise quantification of proteins and their modified forms in 5 targets organs in 4 different diseasesriminglivhietesaldete
acting as autoantigens which could compound their role in disease over time. This work has led us to contideruh@atead for c
centric health screening. We have developed technical pipelines for patient screening. Ecidestogsnetuaf microsampling
device, point of service devices, pathways for client data return and specific clinical grade assays. We hawathhegim dowi
production of system suitability and quality control measures, assays andploigrdetricesand will discuss the remaining challenge
involved and requirement.

1S02

A physical map of a human cell

C. G4 J. D. R. Knighi. Y. YounG. Heskethw. H. Dunhdm. C. Gingras
1L unenfeldanenbaum Research Institute, Toront@ Canad

Compartmentalization is essential for all complex forms of life. In eukaryotic cbtsnchenganaeltes, as well as a multitude of
proteinand nucleic agidh subcellular structures, maintain boundaries and serve as enrichment zermsdtoegroatetprotein
function. Consistent with the critical importance of these boundaries, alterations in the machinery thasppoet zeveeneinesan
compartments is linked to a number of diverse diseases. Understanding theeamhpueditinr obmpartment remains a challenging
task. Classically, both microscopy and organellar purifications have been employed for identifying the ¢aropossiooubthiesse s
approaches have limitations, notably in resolutionrtbhigthdaughput fluorescence microscopy and in the difficulty in purifying so
the structures (e.ghqalies) for approaches based on biochemical isolations.

Prompted by the recent implemeritatiawobiotinylation approaches such as BiolBpose here the systematic mapping of the
composition of various subcellular structures, using as baits proteinschizaibeterinedl markers for a specified location. We defin
how relationships between prey proteins detected through thismahelpachderstanding the protein organization inside a cell. We
discuss our lewsolution map of a human cell containing major organels®armtarenbound structures, but also a higher resolutic
map of RNgontaining cellular structurdsding the-podies and the stress granules that regulate mRNA stability. This will be pre:
alongside new computational resources that will help the scientific community to make use of our dataset.

Supported by the Canadian Institutes of HealtthRES#4r143301) and the Natural Sciences and Engineering Research Cou
Canada (RGRR01406434).

I1S03
Amino acid hydroxylation, a common and sometimes misunderstotrdupsiational modification

A.von Kriegsheim
1University of Edinburgh, IG&dMbpurgh, United Kingdom

Posttranslational modifications (PTMs) of proteins provide versatile mechanisms to regulate protein activityoasd Tetein in
aliphatic sidghains of lysine, asparagines, aspartic acid, tryptophan and plolisenzethylated lysines and arginines can all be
hydroxylated in an oxygen amab @luterate (20G) dependent mechanism by a family of enzymes terroeghimea&9G)

Although the biochemistry of the-@@g&nases is well understood, untillp@vfemw substrates have been described for these enzymt
This is due to the fact that hydroxylation frequently indirectly regulates protein stability and that hygirBXyNégicas liee present

at sukstoichiometric levels.

Matters are even mapmplicated by the fact that a hydroxylation, or addition of one oxygen atom, is can be frequently observe
amino acid side chains. This makes the correct assignment troublesome.

We have devised a unbiased approach in identifying slibsteatds/fa targeted approach to locate the enzymatically modified resi
In addition, this approach allows us to generate testable hypotheses of how the hydroxylation regulateg thebsitatactome of th
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Molecular Micros@y d Employing Mass Spectrometry to Image Biomolecules in their Native State
R. Capridli

Wanderbilt University, Biochemistry, Nashville, TN, United States

MALDI Imaging Mass Spectrometry (IMS) produces molecular maps of peptides, proteitadolifgdspaesbmidn intact tissue
sections. It employs desorption of molecules by direct laser irradiation to map the location of specific mmtecuéaslfformélash
fixed tissue sections without the need of target specific reagearititmadibsadMolecular images of this nature are produced in spe
m/z (mask>-charge) values, or ranges of values. Thus, each specimen gives rise to many hundreds of specific molecukar image
raster of the tissue. In a complementagchppromed histolaligected imaging, mass spectra are collected from selected cellular ¢
within the tissue for laser ablation and analysis.

We have employed IMS in studies of a variety of biologically and medically relevant reseasdsmbjetasesDuisang this molecular
mapping technology include diabetes, developmental studies of embryo implantation in mouse, assessment atensrgins ir
macular degeneration of the eye, neurodegenerative disease, and others Hg, welledylpicaignatures are identified that are
differentially expressed in diseased tissue compared to normal tissue and also in differentiating differerthetsgesgohtlisease
typically consist of B) or more different proteins atidiggepeach identified using classical proteomics methods. One such applice
the differentiation of benign skin lesions from melanomas using a software tool termed PIMS (Pathology |mteoinetrypr Mas
developed in house. IMS has beédappiirug targeting and metabolic studies both in organs and also in intact whole animal sect
This presentation describes recent technological advances both in sample preparation and instrumental parfageamateéighachie
spatial resdlan (110 microns) and at high speeds so that a typical sample tissue once prepared can be imaged in just a f
Applications will include the use of MS/M8glultnass resolution, and ion accumulation devices for IMS. Finally, neéanblocompt
approaches will be discussed that deals with the high data dimensionality of IMS and our implementaticemhsiofayedidior” in
integration of MS images with microscopy and other imaging modalities.

ISO5

Instruments & Methods: Naghievements and perspectives in figlformance mass spectrometry imaging
B. Spengle? M. KompaudeK. C. Schafe. HeilésD. R. BhandaiK. Strupat

Wustud_iebigJniversity of Giessen, Institute of Inorganic and Analytical Chesnis@gr@ass

2TransMIT GmbH, Giessen, Germany

3Thermo Fisher Scientific (Bremen) GmbH, Bremen, Germany

Improvements in performance and new features of ajpnespineriscanning microprobe MALDI MS ima8MaL(BPMSI) will be
reported. The method lained significant attention due to its capability to disclose morphologic distributions of substances
biological samples with high sensitivity and withotimdacedranalyte losses or morphological artifacts.

A commercial imaging sysémSIMALDIL0®, TransMIT GmbH) was modified in order to further increase spatial resolution. A ne
lens was developed and integrated into the ion source. The modified imaging source was coupled to a Q Exadiver HFTM
Scientific) orditeapping mass spectrometer, operated at a mass resolution of up to 240,000 at m/z 200. The new system revea
spot size of 1.4+0.2 um on biological tissue, allowing to ejtalityhighhly sensitive images without oversampling steywrsitte

(pixel resolution) of 2 um. Imaging in oversampling mode was performed down to 1 pm step size succesdiutipisétmagimodisignal
very high imaging selectivity of £5 ppm, mass accuracies of better than 2 ppm across el entinasmeggolving power of up to
240,000 at m/z 200 were achieved routinely by direct coupling of the imaging system to the Q Exactive HFspdiutedinaging mas
The AFSMALDI Orbitrap system provides detailed chemical and topfigraptiaraloim various types of biological tissue or individt
cells, from human, mammalian, insect or plant material in either targeted or untargeted approaches. Deteatabilectaiepound
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lipids, carbohydrates, drug compounds, metabolitagdasdAreglysis of proteins requireebajtition erssue digestion, which has
been shown to result in an effective lateral resolution for tryptic peptides of 30 to 50 um.
Future developments in MALDI imaging techniques are expected to pdodéledtabilityeand lateral resolution for proteins.

IS06

Native Mass Spectrometry for the Revelation of Highly Complex Glycosylation in Protein Therapeutics
T. WohlschlageK. Scheffied. C. Forstenlehh&. Serin E. DamdcS. RuzékJ. Holznma®, C. Hubér
1University of Salzburg, Department of Molecular Biology, Salzburg, Austria

2Thermo Fisher Scientific, Dreieich, Germany

SNovartis, Kundl, Austria

4Thermo Fisher Scientific, Bremen, Germany

The commercial use of therapeutic proteinalleadsbiapharmaceuticals has revolutionized modern medicine. Manufacture of the
proteins is performed in bacterial or eukaryotic expression systems, requiring extensive purification odintloeder getemsutect.
highestevel safety amdficacy of the drug compounds, a rigorous control of a large set of chemical, physical, and biological |
obligatory.

Characterization methods based oepehighmance liquid chromatography (HPLC) -aesbhitihn mass spectrometry (H&®EIS)
among the most powerful analytical methods for protein characterization. Protein characterization can bagigsfoteiedeselthe in
which delivers information related to the intact protein including all its modifications atedeuasgtavBmeter optimization required
for heavily glycosylated proteins. Alternatively, proteins can be enzymatically digested to obtain peptidlysisrmblimgatiseinfan
generic methods, however, at the risk of losing important mwletidardbbut the protein.

Here we report on the benefits of native mass spectrometry in combinegimiwtidi idghitrap mass analysis for the analysis of prote
glycosylation variants at different structural levels. The technologyonvdseutihadgsis and relative quantification of glycan variants
etanercept (EnbrelTM), a recombinant, heawity [Qlycosylated fusion protein utilized in the therapy of arthritic diseases. T
advantage of the higher resolving power foispfotens in lower charge states detected under native conditions, more than 80 ¢
isoforms were distinguishable upon deconvolution of the highly complex mass spectra ébtasied tgreleetbspray native
mass spectrometry. Utilieimgymatic dissection by specific proteases and glycosidases, we were able to assign glycoforms
composition. Glycoform distribution was also confirmed by comparison with data obtained from glycopeptateatysisleased glycar

1S07

Native Tp-Down Proteomics

N. Kellehér

INorthwestern University, Evanston, United States

While top down mass spectrometry has become synonymous with the direct analysis of intact proteins via ntess spectérometr
generally denotes an approach tdialatyeasurement that recognizes the value of retaining as much information as possible
system prior to analysis. By avoiding proteolytic digestion;gpexdtdmfadentifications can be made. Notably, the top down philosop
equally applible to the level of pragieitein and protéigand interactions. This talk will describe an approach that enables the
analysis of protein interactions in an untargeted fashion via novel separation strategies coupled to mulstagenedty EMB2ss s
and MS3). Providing information from intact complex mass (MS1) to subunits and their backbone fragmewnidnhS, enaive top
enables identification and characterization of unknown protein interactions. We posit thdothetsedibsindes a platform for the
untargeted characterization of protein complexes atigapbtiiteractions from a variety of biological systems. By preserving
covalent interaction throughout sample preparation and ionization, tgpecinonmeayscan operate at the next level of hierarchy in
biology of proteins underlying human wellness and disease.

001

Complexome Analysis: Idewtfion of old and new complexes

K. Seidél C. Ding J. Karble L. Adridn

1IUFZ- Helmholtz Cenfor Environmental Research, Isotope Biogeochemistry, Leipzig, Germany

Individual proteins often fulfill functions within larger complexes. To identify which proteins are intehafis tpinadesstphektheir
biological role. Wohlbrand ailebaes presented an analysis, denominated as complexome profiling, in which known and forme
complexes involved in sulfate reduction were identified (1).

We used this approach with some modifications in data analysis to identify membrebehzbdotplec@isies mccattgin CBDB1
andDesulfitobacteriginain PR, both strains involved in the transformation of toxic halogenated contaminants in anoxic environm
To achieve this we solubilised mennitegrated and membrassociated pgeins with mild detergents and separated them with Bl
Native (BNIPAGE. Gel lanes were cut idtmfh slices, and then prepared for mass spectrometric analysis.

Solubilisation and separation éPABNE were successful for both strains. For dada\aealgsieloped and implemented a new strateQ
to identify transmembrane domains based on MS1 scans, with which we are currently trying to obtain a connpeetianasiee pictt
proteins involved in the respiration process. We changedotse MBegy because especially peptides from integral membra
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proteins show resistance to HCD and CID fragmentation. As a control, we used a respiratory multiprotein cbmptexirwith kn

Dehalococcoides mccattgin CBDB1 (2) and the ATPase xanlj@sulfitobacteristnain PR, respectively.

Insights into new complexes from different strains could allow a better understanding of metabolic poteatttatia. in anaerobic

1. Wohlbrand L, Ruppersberg HS, Feenders C, Blasius B, Braun HR1R#n#yRisDf membrgmetein complexes of the
marine sulfate redubessulfobacula toluolicd2 by 1D blue nafr&GE complexome profiling and 2D bluSEEERAGE.
Proteomics 16:9988.

2. Kublik A, Deobald D, Hartwig S, Schiffmann CL, Andmd&ergen M, Sawers RG, Adrian Ld2ffification of a multi
protein reductive dehalogenase comjehalococcoides mccatyain CBDB1 suggests a piiépiendent respiratory
electron transport chain obviating quinone invdweimamireal microbiology. 3@143056.

1S08

Computational Strategies for Improving the Quantitative Analysis of Peptide Mixtures by Tandem Mass Spectrometry
M. MacCo&s]. EgertsénB. SearleS. Ting H. Y. YaaAgA. KellérB. MacLean

1University of Waisgton, Genome Sciences, Seattle, United States

Proteomics technology has improved dramatically over the last decade. The technology developments have daogelg been
instrument hardware, where instruments have been developed thataseamdasteensitive, and have greater mass measureme
accuracy. However, the basic workflow has remained largely-iumelsargmettrometers are directed toward the acquisition of tanc
mass spectra on the most abundant molecular speciesretutihgpfnatography column.

Our goal is to develop a high throughput method for sampling peptides with a mass spectrometer that can leasiseddds a ro
molecular phenotyping to characterize the state of the cell. To do this we waulaniéss spaenttemetry (MS/MS) method that car
systematicallysample all peptides within a mass range, continuously throughout the chromatographic elution. MS/MS offe
advantages in terms of selectivity, sensitivity, and dynamic randge stegeadfingass analysis. While MS/MS has significant techn
advantages over MS1 analysis, traditional data acquisition strategies on modern instruments do not havetitheotistyughgut to
systematically sample peptides across the esitismgeassing narrow isolation windows (<5 m/z) and using a rapid duty cycle (<3 s
Over the last decade, efforts have been focused on the acquisition of mass spectrometry data on targef\fitspiticieo oé ineisst.

in instrument hardware iaetftument control software, the practical experimental difference between a targeted and discovery p
beginning to become blurred. These analyses are a significant change from the traditional proteomics worlkdftbwhe@nd ha
developrme of novel computational strategies to analyze, visualize, and interpret these data. We will present ¥iorts illughieating o
development of targeted proteomics and provide a vision for challenges that still need to be overcaiyseldiethegewine
and replace more traditional discovery proteomics methodology.

1S09

Computational strategies for deep proteomics and proteogenomics datasets
A. Nesvizhskii

1University of Michigan, Ann Arbor, United States

Over the past decaberé has been significant progress with developing computational tools and methods for mass spectrol
proteomics. Nevertheless, new challenges emerged and need to be carefully addressed. These include: 1) #ee ofver inc
proteomics deets requiring new approaches for estimation of peptide and protein identification error ratédeoscalegePpme
exciting but challenging proteogenomics applications that seek to identify novel peptides currently not req@esesited in re
sequence databases. In this presentation we will survey key components of proteomics analysasgggetinss aadilitg and
usefulness for large scale -deeprage datasets. Specifically, we discuss the use of different types aesafddngratein
identifications, methods for resolving protein groups, utility of PSM level filteringepgbaialysiseiand methods for FDR estimatior
at the protein level. In the second part of this presentation, we will dictsdoild affoliust proteogenomics pipeline that incorporal
rigorous elimination of false identification due to chemical and biological modifications. The key elenmenbe€balgpipgimehat
enables ultrafast and comprehensive adientiéitpeptides and all their modified forms. Time permitting, we will discuss how our ne
helps to uncover dramatic differences in the modification rates across experimental samples and conditianpgliaat@eeral other

003

Mass specbmetrists should search for all peptides, but assess only the ones they care about
A. Stickég L. Clemeht. MarteAd

VIB, Medical Biotechnology Center, Ghent, Belgium

2Ghent University, Ghent, Belgium

Reliable peptide identification is kegsspegtrometry proteomics and pembetrum matches (PSMs) are therefore reported with
false discovery rate (FDR). Sometimes, researchers focus on a protein subset (e.g. particular pathway)dethareidirdified pept
irrelevant. The pigr searchllassessll method (@ll) for protein subsets involves (1) searching against all expected peptides, (-
calculation and, (3) filtering out irrelevant PSMs. Noble claims to improve statistical power by removingriorétegeatqrepgdes
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(searcklsubsetssessubset, subub). We argue that both methods lead to poor FDR control and propose a new method for
controlling the FDR in both small and large subsets.

Our searchllassessubset (afub) method considt§l) a search against all expected peptides, and (2) discarding irrelevant PSMs
(3) FDR calculation:sAb in conjuction with a talgedy approach (TDA) suffers from unstable FDR estimates in small subsets w
subset decoyé/e overconthis issue by estimating the incorrect PSM distribution using a large decoy set.

We compare-all, suklsub and adlub using a Plasmodium proteome contaminated with human proteins, Pyrococcus spectra wher:
subsets of interest using GO tedres simulation study. The spectra are searched3iithad@&the FDR is estimated with a competitive
TDA.

As the FDR is the average fraction of incorrect identifications in thalPSivirist calhtrol the subset FDR because it alters the PSM
post FDR calculation. We show that this leads to either too conservative or too liberal subsebRaMuiates Sk FDR based on
the subset but it puts an unnecessary burden on TDA by (1) removing sequences that are likély sauplerasentZpreducing the
decoy sequence variation. We notice a steep increase of low scoring PSMs in a subset search compared tostiggestimgete se
that many spectra are forced on subset sequences. In many cases the fractibls eveorcanuRers the FDR level. Hence, the
subsub FDR control is questionable at best.

We show that our strategy returns more PSMsghbrasdlprovides better FDR control in peptide subset$ andrsatub. Hence,

mass spectrometristsdfi¢rirom searching for all peptides, but only assessing the ones they cardrabully. iielisarol is available
athttp://iomics.ugent.be/sabs/elopment is hostetitgrs://github.com/compomics/sabaisbessubset

004

Workflows for unified M&ind MSdased protein inference in a Bayesian framework

J. PfeufférX. Liarfg O. Serart§ K. Rein& O. Kohlbachér

1EberhariarlsUniversitat Tubingen, Applied Bioinformatics, Tlbingen, Germany

%Freie Universitat Berlin, Algorithmic Bioinformatics, Berlin, Germany

3Max Planck Institute for Molecular Genetics, International Max Planck Befseaom@aketional Biology and Scientific Computing,
Berlin, Germany

4L eibniznstitute of Freshwater Ecology and Inland Fisheries, Berlin, Germany

SFreie Universitat Berlin, Institute for Computer Science, Berlin, Germany

8Max Planck Institute for Dpwedntal Biology, Biomolecular Interactions group, Tubingen, Germany

Introduction Protein inference can be described as the task of assigning a type of score to every protein candidate ftwya samp
mass spectrometry. The outcomes thenntepnese confidence on the presence of a particular protein (or proteoform). Though
mass spectrometry experiments reveal a lot of information on the composition of peptides in a sample, maostyirdetelgoenmethc
matching scores frondém mass spectra.

ObjectivesThe goal was to establish pipelines to extract a rich set of information from shotgun proteomics experimgng and tc
unified Bayesian network for protein inference. Resultinglpvelquisterior probadslitian then be used to make an informed decisiot
on the set of proteins present in the sample.

Methods To achieve this goal, we use information from both the often nelgleetdcetd®ton time and precursor mass deviation) &
well as the more comiaised spectral matching scores/probabilities.

Novel to this approach is their aggregation in one holistic probabilistic model to incorporate the istiepmisgoway ,eergrwithout
prefiltering peptides, using sififeeart probabilistitference algorithms[1]. This makes this demanding approach applicable even o
scale proteomics data with complex protein groups.

Both the information retrieval starting from the raw mass spectra, as well as the evaluation are prédensed anggpisEiuCi
KNIME pipelines using a variety of tools from i.a. OpenMS|[2].

Results Results are shown on data from the ABRF iPRG2016 study consifiiagtofel REIS/MS datasets with known spiked
proteoforms.

Conclusion In this work weash the benefits of not discarding any of the valuable sources of information until the actual step
inference.

References
[1] O. Serang PLoS ONE. 2014 Mar 13;9(3): €91507. doi:10.1371/journal.pone.0091507.
[2] H. Rost et al. Nat. Mett&is &g 30;13(9): 781 doi: 10.1038/nmeth.3959.

IS10

The plant mitochondrial proteome

[. M. Mgller

1Aarhus University, Department of Molecular Biology and Genetics, Slagelse, Denmark

Plant mitochondria are well known to oxidize respiratory substygpgsutsaticathe end product of glycolysis, via the tricarboxylic
cycle and oxidative phosphorylation and provide the cell with energy and metabolic intermediates. Bioinfoahatidembex@erimer
indicates that plant mitochondria @ptaiteome of more than 2000 different proteins expressed in some cells under some conditit
various gdlased and nayetbased methods for separating the mitochondrial proteins and mass spectrometry for their identific
than 1000 diféart proteins have been identified in Arabidopsis and potato mitochondria. Only 63% of these proteins were r


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 theJdegtitiimraeats ha
our understanding of basic mitochondrial functions, have led to the discovery of new mitochondrial metabdtielpathways anc
towards appreciating the dynamic role of the mitochondria in the responses of the plant agtiictstbésc and abi

References

Mgiller, I.M. 2016. What is hot in plant mitochondria? Physiol. Pi&83157: 256

Rao, R.S.P., Salvato, F., Thal, B. Eubel, H., Thelen, J.J. and Mgller, I.M. 2016. The proteome of higheMjttaritomitachpirdria.
press

Salvato, F., Havelund, J.F., Chen, M., Rao, R.S.P., WRageinska, A., Jensen, O.N., Gang, D.R., Thelen, J.J. & Mgller, I.M. 201
potato tuber mitochondrial proteome. Plant Physiol 6534: 637

IS11

Plant phosphoproteomic resources and teldgies- from discovering phosphorylation sites to identifying kinase clients
J. Thelen

1University of Missouri, Biochemistry, Columbia, United States

Protein phosphorylation is the most pervasive and staidiadigtiost modification in plantst pt@sphoproteomic studies have
produced over 40,000 experimental phosphorylation events from over ten plant species. To archive theseniapeftas, weltiple |
developed The Plant Protein Phosphorylation Database (P3DB, www.p3db.angy as@osibony containing data for both model an
crop plants. Using this database of phosphorylation sites as a training set we developed a phosphorylatied pietSittion toc
(http://musite.sourceforge.net/). The sensitivity anafetisbpitydiction algorithm is unmatched, and application to whole plant prot
such as Arabidopsis indicates greater than 17,000 phosphorylation sites at the 99% confidence interval. ablédniginéapestitental
prediction of phosphorylasites is rapidly becoming a facile task. However, confirmation and identification of cognate prote
responsible for these events remains challenging. To address this problem we developed an assay called ke ASsage Cliel
(Huang etl.22010; Figure 1), which was validated using the mitochondrial pyruvate dehydrogenase kinase. We appbedtihis vali
to identify kinase(s) responsible for phosphorylating a type one protein phosphatase inhibitor (Ahsan ettlsl to2€dr8pared rece
substrate specificities for two families of protein kinases involved in metabolic regulation, the SnRK2 arsd &xipEaisigpeffamilie
library of 2100 peptides comprising oven $8@Phosphorylation sites in Arabidopsis delvigdlespecificity for these kinases and a
surprisingly low level of overlap among family members. | will present the unpublished resd#deof dingsar ktinge studies.

Ahsan N, Huang Y, Tédandez A, Swatek KN, Zhang J, Miernyk JA, anDJT{g813) A versatile mass spectioasetiymethod

to both identify kinase cligationships and characterize signaling networkldtrolegyne Rek2:93-48.

Huang Y, Houston NL, Felardez A, Stevenson SE, Miernyk JA, Randall DI T2@1é&) A quantitative mass spectroasety
approach for identifying protein Kicleeses and quantifying kinase agthaty Bioched02:69%6

Figure 1
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Figure 1 Kinase Client Assay (KiC Assay). an in vitro mass
spectrometry-based assay for screening protein kinases.
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Deep proteomics reveals genemide protein expression dynamicgmabidopsismmunity and development
M. BassalP. MajovskyD. ThiemeM. R. Al Shwajlh. Hmed&tT. Hetr J. ZieglérS. NeumahW. Hoehenwatter
1L eibniz Institute of Plant Biochemistry, Halle, Germany

2UIm University Hospital, Department of Neurgl@ssnadmy

Question

We have optimized a procedure for deep proteomics especially directed to addressing the specific challengehafsplame prote
primarily extensive dynamic range and an abundance of waxes and secondary metabelithsoimclphora tbompounds of the
photosynthesis machinery. It was our goal on the one hand to maximize individual sampling depths theredfyseltsitizitggtibe lack
has hampered plant proteomics studies in the past. On the other hattdmsxsoizghtoverage of the entire proteoataidupsis
thaliang27,419 protein coding genes; TAIR10 released 17. Nov, 2010).

Methods

Leaves, roots, inflorescence, flowers and siliques were sampled over thealigoipsés dhaliasad analyzeusing an optimized
GelL@VS strategy. Raw data were searched with both Mascot and MaxQuant to identify proteins. Results were coiscatenate
quantified in Scaffold software.

Results

7,000 to 9,000 proteins (protein groups identified witi ainigae peptide, 1% peptide and protein FDR thresholds) from indi
samples were measured in 2.5 days and protein quantification was repeatable. Deep proteomics measuremehtgitbf theedlings
elicitor of pattern triggered immunityfld2Z Iyvere complemented with metabolomics and targeted proteomics measurements i
genotypes to give a comprehensive picture of protein expression dynamics in PTI. Focusing on one aspechetudbiatefd the |
auxin in the hormone bleatl thodulates plant immunity. Measurements of different tissues and developmental stages pro
spectrometric evidence for nearly 16,000 proteins thereby covering expression of ardmnabdiéopsigéribme. We define and
characterize tWealiopsiscore proteome as well as organ specific proteomes. Protein abundance levels measured in the vari
over the lifetime of the plant were mapped to their genetic positions on the chromosomes. Correlation aeabjsis dipecasin exp
the chromosomal loci revealeelgedation of neighboring genes.

Conclusion

Our study illustrates the power of deep coverage of individual sample proteomes and giveg@rasigbpsigiotdmme in
unprecedented detail.

Figure 1 Figure2
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A largescale approach to study the mitochongiriateinprotein interactomef Arabidopsis thaliana
S. Martinez JailnA. Graf

IMPIMP, Plant ProteormiGsGraf, GolRotsdam, Germany

Proteins are involved in all aspects of lifeeriHomast process in the cell are performed by protein complexes. Currently, the most

approaches to study prgiestein interactions are biochemical purification and 2D gels followed by mass spectrometry or 1
techniques. These approadteeknaited in the number of protein complexes that can be analysed or the ability to obtain quantitativ
To avoid these shortfalls, we combine vadiaizelfractionation methods (native PAGE and Size Exclusion Chromatography
followed by EH@S/MS and antiouse developed data analysis pipeline to identify and quantify protein complexes.

We focus our work on the mitochondrial protéoahelopsis thaliaméming to compare the abundance and composition of organe
protein complexes endifferent environmental conditions. In a proof of concept study, we treated Arabidopsis seedlings with n
create an oxidative stress. This treatment was previously used, suggesting changes in the assembly of protein complexes (1).

15N labelingas used to reduce variability within treated or control samples along the analysis, and mixed native fatsdin extre
and fully functional mitochondria were used for the analysis.

We observed approximately 60% of the quantified prcassenvioded in protein complexes. Moreover, there was a significant num
proteins belong to metabolic processes. Therefore, metabolomics analysis on the mentioned samples wisifEilhnbtab@io of pq
changes originated from the reassdrabymes complexes.

These results are the basis for future studies to investigate changes in protein complex composition and/oiffetgimdance
environmental conditions.

References
(1) Obata et al., (2011). Phytochemistry

I1S14

Metaproteomicand integrated mutimics: What do they tell us about microbial community function?
P. Wilmés

1University of Luxembourg, Luxembourg Centre for Systems Biomsdiéiteettestiuxembourg

Naturally occurring microbial communities play fumdeesémtdle Earths biogeochemical cycles as well as in human health and di
and provide essential services to mankind. They represent highly dynamic and heterogeneous systems, whichpéitpitenorme
all levels. By combining metagenoetatranscriptomic, metaproteomic and metabolomic information, integiesedfimulthe
prospect of comprehensive views of community structure aimd ditadtiggortantly, metaproteomics, which facilitates conclusi
metagenorgghenotype kages, is key to such endeavours. We have recently developed an integrative workflearabongabing wet
methodologies to enable systematic measurements of microbial communities over space and time as well astiisisndégnation al
resulting multimic data. More specifically, we routinely isolate DNA, RNA, protein and metabolite fractions from single microb
samples and these are subjected thioighhput and higisolution metenics. The resulting data is integrateahalysed using a
reproducible bioinformatic pipeline which maximises data usage. Using this approach we have gained essandliiad meierotsaghts re
niche ecology and resulting lifestyle stiatsgies well as discovered keystoneohaldenes governing microbial community functior
The more recent application of these methods to the human gut microbiome has highlighted the importanesiaf diffgreaiiial expr
functional genes in the context of human disease (tyjes)1 ldigestingly, the expression of these microbial genes is driven larg
proteins secreted by the exocrine prancreas emphasising the need for conducting fulyniicegmatgsemoitimicrobial communities.
Integrated medtnics includjrmetaproteomics is poised to greatly advance our understanding of microbial coenamehitynstiant

in the future.

IS13

Infectoproteomics for the characterization of the interaction of the human pathogenfspergiltis fumigatusith immue
cells

A. Brakhadgel. Shopo¥aH. SchmigifT. KriigérO. Kniemeyer

1L eibnignstitut fur Naturstedfschung und Infektionsbiologié BaWsKndHnstitut (HKI), Jena, Germany

Invasive aspergillosis caused by the Aspgugillus fumigaia lifehreatening infection of immunocompromised hosts with high mor
rates and annually increasing incidences [1]. ®izesntalhidia Af fumigatuesre inhaled and easily reach the lung alveoli. Here, the
encounter the first line of defemainly neutrophilic granulocytes and macrophages [2]. Neutrophils are indispensable in ex
elimination of fungal spores and hyphal elements by vaaimdextir@callular means including neutrophil extracellular trap (NI
formation. Werdenstrated that NETs exhibit only fungistatic effects [3]. To resolve a keyvparadnigatusctivates neutrophils
and how they ultimately kill the fungeionducted a simultaneous dual proteome study of the activation of humanAneutroph
fumigatubyphae without prior separation of the two organisms. We developed a protocol for parallel extraction andEargichmer
covering hyphae and secreted proteins. Using a multiplexed isobaric labeling apmicegphapdplideriehment combined with
nLCMS/MS analysis, we were able to identify and quantify 273 differentially regulated proteins of 856 pratege sidetahdn the
298 differentially regulated proteins of 1950 proteins in total on the host sidBE®mpateds induced with PMA and fungal hypha
grown alone. Besides neutrophils, alveolar macrophages phagocytose conidia. However, previouslyfunggiiusdnitiat
circumvent their intracellular killing by the manipulation of sbhegphalgoigturation including acidification [4,5]. To understand |
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conidia can inhibit the maturation of phagosomes they reside in, we developed a protocaioittginiify pbagldysosomes. With a
comparative proteomic study of the phagaysowetenme of a wviyideA. fumigatustrain and an avirulent pigmemqtlessnutant
strain we aimed at the identification of proteins and processes that are manipukiypd biraime Witdfound that wild type conidia
strongly modulate theganatomposition 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:€1000873

[4] ThywiRen et al., 2011, Front Microbio 2:96

[5] Akoumianaki &t 2016, Cell Host Microbe 19:79

IS15

Confounding factors and contaminants of extracellular vesicle preparations

E. Buzds

1Semmelweis University, Department of Geneticsl Gathunobiology, Budapest, Hungary

Extracellular vesicles (EVs) arellsldncenembragaclosed structures secreted by both prokaryotic and eukaryotic cells. Recent
have gained substantial scientific interest as they are present in all human body fluids and are consideetiamprkersiagdfutu
therapeuti@argets or tools.

In the past few years, proteomic, lipidomic and transcriptomic analyses of EVs have generated substantiatiaracumizswof date
available in databases (such as EVpedia and Vesiclepedia).

However, EMlated data should be handkbdcautiousness because there are numerous confounding factors and contaminants w
interfere with the molecular analysis of EVs.

Methods of isolation and characterization of EVs are still under development and optimization. Alyhdikse feemesebigivhich
may yield in i) isolation of different EV subsets and in ii) EV preparations of highly variable purity. Qeregestotisadgionrehd
subsequent analysis of EVs is that components of complex body fluids plasmasnbéyogurify with EVs. EV preparations often
contain cisolated protein aggregates. Lipoprotein particles are also typical contaminants of EV preparations isolated from
Furthermore, lipoprotein particles have been shown tavibsihaagarface of EVs. Upon exposure to membrane damaging conditior
preparations may contain ruptured EVs (membrane ghosts) which lack their internal cargo.

In the field of EVs particular attention must be paithtgtioed conditions whichstrangly impact the results. When analyzing EVs fro
complex body fluids such as blood plasma, common contaminants of EV preparations and confounding factord bEEV an:
considered.

IS16
Exosomemediated release of Alzheimers disease &hnylo

L. Rajendran
1University of Zurich, Systems & Cell Biology of Neurodegeneration, Zurich, Switzerland

Neurodegenerative diseases including Alzheimers disease (AD), Parkinsons disease are characterized by pompos#iggregation
specific fain regions. Recent findings, on the release and spread of several amyloid proteins, both luminal and oytiesolic, su
where these proteins can be released from affected cells in the form of amyloid semuter artldetheellseand mithé spread of the
disease. How are these aggregates released from the cells? Once released, how do they form plaques and ptspagate
extracellular space to gain access to their host counterparts? How are cytosolic proteins aad &rmylaidisfZMé&e propose that
exosomes, endocytically derived nanovesicles, are a major way to shuttle cytosolic proteins and amyloesseutfdarthdomtlb Rel
(Ab) peptides on exosomes aid in the plaque formation. We provide ewigleite ithathzed in neurodegeneration such as Ab ar
released via exosomes and cellular mechanisms that regulate this release.

007

Secretome analysis during cardiomyogenic differentiation of human pluripotent stem cells

H. WollirigS. KonZeA. Hofér A. PichE. Buettnér

IHannover 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 nuddsh®fevery year. The heart has a very low regeneration capacity and
organs for transplantation are scarce. Therefore regeneration of lost myocardiudesitidstandioetlyocytes is an attractive strategy
for regenerative medicine. Hurmdapopént stem cells (hPSCs) can be differentiated into cardiomyocytes but the molecular m
behind that differentiation are poorly understood. It is likely that differentiating cells secrete paracsupzefactars itat tection

as inportant regulatory determinants. Thus we intended to unravel the secretome during cardiomyogenic differentiation of hPSC
MethodsA very effective protocol byédtiah(2012, Nat. Prot.) leading to high proportions of cardiomyocytes from hRBCs depe
modulation of Wnt signaling at early stages of differentiation. The respective differentiation medium conéages ih®d atim/mirbovi
(BSA), originating from the applied B27 supplement. Considering that secreted paracrine facdiore@rationadnathe range of
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ng/ml, the enormous excess of BSA in cell culture supernatants hampers analytics to identify little amoingsTdfesefoetetthgrote
development of a BB cardiomyocyte differentiation protocol is pivetasulosetiuent mass spectroinasgd analysis and
guantification of secreted proteins.

Results: We generated a custom made B27 without BSA and could successfully differentiate hR@€scandeiomBSMmto
cardiomyocytes. For secretome analyaistisevpoints of the differentiation process were analyzed. In total, more than 5,000 prote
be identified and their relative levels at the different time points during differentiation were quantitatdedfiye aspessstiichiidn.
Beynd the identified proteins there are many factors involved in signaling pathways that are related to cardibnwedytehdevelopi
identified several cytokines in the supernatants of differentiating cardiomyocytes with not yet kdiomyagetiesisn car
ConclusionBSAfree culture conditions enabled quantitative secretome analysis during cardiomyogenic differentiation of hPSCs,

008

The role of ubiquitylation on the phagosome: a tale of inflammatory responses and vesicle trafficking
O. BlkeiGorzd A. Hartlogd J. Peltiét, M. Trostt

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 divaisity trad ereable them to adapt to different environmental cu
Different activation states and stimuli prepare macrophages for the uptake and processing of phagocyticepaymtbat they
depending on the environment, in which they wilb&doem homeostatic, inflammatoryimiteanthatory roles. A key organelle in this
process is the phagosome.

We performed a comprehensive proteomics characterisation of the macrophage total cell proteomes and phagasomellproteor
definedctivation states with ~10,000 proteins quantified in cell lysates and >2000 proteins in phagosomes. Olliadttaiiodicate tl
states optimise metabolic and phagosome functions to enhance their ability to deal with the anticipargd.phagboyheseatbre
identified a substantial regulation of ubiquitylation on the phagosome which led us to characterise the wuisigUityloroe in re
inflammatory stimuli. Interestingly, our data shows that ubiquitylation on phagosprogsrsezeagtfoent and regulates both immune
functions and regulates vesicle trafficking. Using shRNA and CRISPR CAS9 technology we coultaber et 1beiE8 main
player in increasing phagosome ubiquitylation upon proinflammatoof stiatutaithages as kdoekn of RNF115 affects both vesicle
trafficking to the lysosome and innate immune responses from the phagosome. Overall our data shows a noeélRBglAry fun
dependent ubiquitylation in immune responses atrdffiekiolg.

I1S19

Dynamic proteome organization and host defense during viral infection

[. M. Cristéa

1Princeton University, Department of Molecular Biology, Princeton, United States

Every year, a major cause of human disease and death wofthtime watlnthe various viral pathogens that are intrinsic to
ecosystem. The outcomes of viral infections derive from the complex, dynamic interactions that occur betveeds, dndsésaand hc
function either in promoting virus repticatidrost defense against invading pathogens. Thus, viral infection triggers an impressive
proteome changes. Alterations in protein abundances, interactions, posttranslational modifications, subaetiutactetializatens
temporallsegulated during the progression of an infection. Consequently, in recent years, massegguvmoatiys has emerged
as a core component of fundamental discoveries in virology. This presentation will highlight proteomic mstitydsgdevetped fc
host protein interactions, as well as alterations in proteome composition and organization in space andessierdafimdettigoprogr
We have applied such methods to addressing three main questions: 1) what host cellicfmuiiiosdaalbe permissive, 2) how the
host immune system responds to the infection, and 3) what are the mechanisms of pathogen replication andesaniiiesion? |
given from our studies of innate immune response upon infectionruséshage®li as of mechanisms through which viruses remc
subcellular organelle function to suppress host defense and promote viral replication. Such studies demwestoatéc how i
technologies can help paint a picture of the pathoggesiift aid in the future development of antiviral therapies.

1S20

Advances in Protein Biomarker Research

R. Aebersdld

1University of Zurich, Department of Biology, Institute of Molecular Systems Biology, ETH Zurich andUratv8waeBaiehce, Z

Recent advances in various baotioproteomic techniques have resulted in significant progress towards the confident anc
identification and quantification of proteins. Data dependent acquisition (DDA) has resulted in séfretiomesvefageumber of
species, and the generation of near complete spectral libraries has paved the way to reliably identify rsseatiallpnbery qirotei
proteomes by targeted analysis via SRM or-I8®/&JHIn both DDA and targetedjistsateach polypeptide is considered as an
independent functional unit. However, this is not how proteins function in the cell. Most polypeptides icatrjunctidghein tielog
context of macromolecular assembilies, including protein potgilaxetgic acid complexes and functional interaction networks.



Proteomic Forum 201

In this presentation we will discuss emerging computational and laboratory techniques to determine funetimal tdomtest.of pre
These include the direct measurement ofanaléerfaces in macromolecular complexes isolated by affinity chromatography by
crosdinking MS (MUS) (2), and correlative analyses of proteins precisely quantifie/IBy28Wiag tdrge sample cohorts to determine
changes in complexctimimetry (3,4). We will use selected examples to illustrate the biological significance of measuring or infe
in the context of functional modules.

1. Kusebauch U, Campbell DS, Deutsch EW, Chu CS, Spicer DA, Brusniak MY, Slagel J], &&ningsSBe\@ineynberg D,
Hoopmann MR, Blattmann P, Ratushny AV, Rinner O, Picotti P, Carapito C, Huang CY, Kapousouz M, Lam H, Trz
Aitchison JD, Sander C, Hood L, Aebersold R, Moritz Rum@0BRMAtlas: A Resource of Targetedd\&saystify the
Complete Human Prote@eé,166(3):7688. 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, d1almstrc
R. (2012) Structugobing of a protein phosphatase 2A network by cheriidéhgrassl mass spectroms8tignce,
337(6100):13482. doi: 10.1126/science.1221483

3. Wu Y, Williams EG, Dubuis S, Mottis A, Jovaisaite V, Houten SM, Argmann CA, Faridi P,ANBéskbdhi Kytalikverx J,
Aebersold R. (20Multilayered genetic and omics dissection of mitochondrial activity in a mouse refer€wke popul:
158(6):14130. doi: 10.1016/j.cell.2014.07.039.

4. Wiliams EGVu Y Jha P Dubuis SBlattmann,FArgman CA Houten SMAmariuta , Wolski \WZamboni NAebersold ,R
Auwerx.J2016) Systems proteomics of liver mitochondrisghientelD;352(6291):aad0189.

1S21

Nterminal phosphorylation of LHCSR3 is light triggered and synergistic and operateteaslar switch for LHCB4
phosphorylation and LHCSR3 nqrititein complex association

M. HipplérH. Xuke P. GéableiénL. MosebaghM. Schaolz

University of Mlnster, Biology, Minster, Germany

Introduction

Acclimation towards excess light seguirechanism designated aphmtochemical quenching (NP@hldmydomonas reinhagij

the fastest component of NPQ, is mainly facilitated by LHCSR3 (1). LHCSR3 assddiidk sujter&siiplexes (2). The PSBR
subunit of PSII is requioeefficient binding of LHCSR3 ta RSl supercomplexes (3), suggesting that LHCSR3 is in close contact
minor antenna proteins LHCB4 and LHCB#%effiews$ of LHCSR3 is phosphorylated in @ie[@ntdént manner, while #serginal
phosphgtation of LHCSR3 is STT7 independent (4).

Objective

The aim was to understand the biological impact of HelG®HRS phosphorylation.

Material and Methods

Quantitative proteome analyses were done from enzymatic digested whole protein eiktactsatpivaisioelled WT and mutant
strains grown under different light regimes. Peptide abundances, including those of phosphorylated peptiohes)] bierzaeddeldeter
reaction monitoring (PRM).

Results

To evaluate the biological funétiba 8T Fdependent LHCSR3 phosphorylation we alteitedntireaNphosphorylation sites (S26, S28,
T32, T33) of LHCSRS3 bydgieeted mutagenesis and nuclear transformatigopgdf HeSR8ess mutant. The quantitative data showed
that the Mermmal phosphorylation is -igggered and synergistic, as the phosphorylation mimésiddieEhenhancegekninal
phosphorylation. Moreover, the analyses reveakertiaaNSTIdependent phosphorylation of LHCSR3 impacts -tei@BvalN
phoghorylation and regulates association of LHCSR3 with the photosyritesticorajiexes.

Conclusion

Lighttriggered #&rminal phosphorylation of LHCSR3 is synergistic and operates as a molecular switch for LHCB4 phosph
LHCSR3 muyttiotein complex association. Thereby, LH@&R3n&Al phosphorylation could regulatmdigiyt excitation transfer
efficiency to the photosystems.

References
1. Peers Get al(2009Naturel62(7272):5821.
2. Tokutsu R & Minagawa J (FNAEL10(24):111610021.
3. Xue Het al(2015pPlant Physiolo§j§7(4):1566578.
4. Bergner S\ét al(2015Plant Physiolo)$8(2):61634.
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I1S22

Using!N metabolic labeling for the accurate quantification of changes in proteome compGsikionyidomonasells
S.Schonfelder. SommégmD. Hickl T. Mihlhayd. Schroda

ITU Kaiserslautern, Molecular Biotechnology & Systems Biology, Kaiserslautern, Germany

The unicellular green @gdamydomonas reinhdedti welbuited model organism to address furalagoestions in plant sciences.
Metabolic labeling of Chlamydomonas by feeding!@¢HOih KNG is cheap and simple. Here we show examples for tA use of
labeledChlamydomonaslls as a universal standard for quantifying even slighinctiengellular proteome by shotgun proteomics
Specifically, we show the usefulness of this approach for monitoring changes in the abundance of up to R0Oheahlasgsotein:
following a change in environmental conditions, or foitmuiciflthdownregulation of a target protein by amiRNA.

009

Probing the global kinome and phosphoproteoi@alamydomonas reinhardiia sequential enrichment and quantitative

proteomics

L. Hicks E. WerthT. S. K. Gilbert. Gravés

1IUNC Chapélill, Chapel Hill, United States

Identifying dynamic protein phosphorylation events is critical for understanding kinase/phosphatase regugtedTsigiatbing pat
protein phosphorylation and kinase expression have been examined indeptesgatiibtin griganisms. Presented here is a method |
study the global kinome and phosphoproteome in tandem for the first time in a photosynthetic organiShiatnglomdebslga
reinhardtiiChlamydomonas), using mass spectimasetiylabélee proteomics. A dual enrichment strategy first targets intact proi
kinases via capture on immobilized multiplexed inhibitor beads (MIBs) with subsequent proteolytic digestios ahdinboun
peptidebased phosphorylation enrichment. To inctteasfecdeerage, both dipendent and datdependent (via SWATH) mass
spectrometric acquisitions were performed to obtain a >50% increase in coverage of the enriched Chlamydomi@uesfhimodne ove
with no enrichment. The quantitative photgamf dataset yielded 2,250 phosphopeptides and 1,314 localized phosphosites with
reproducibility across biological replicates (90% of quantified sites with coefficient of varitiznalppimeadi és)ables simultaneous
investigatioof kinases and phosphorylation events at the global level to facilitate understanding of kinase networkis aetl their i
signaling events.

010

The proteomics response of the hugpatihogenic fungué. fumigatuso the antifungal drug caspogin

O. KniemeyeiT. KrigérT. ConrddS. Henk®&IR. GuthReJ. Linde A. A. Brakhage

1L eibniz Institute for Natural Product Research and Infection Biology (HKI), Molecular and Applied Microbiology, Jena, German
2| eibniz Institute for Naturaultdesearch and Infection Biology (HKI), Systems Biology and Bioinformatics, Jena, Germany
3BioControl, Jena, Germany

The mouldspergillus fumigatsisa ubiquitous airborne human pathogenic fungus which causes different forms of infections ra
locally restricted to invasive. One therapeutic option is the application of the lipopeptide antifungal tinggtsagpofungal. dell
wall by inhibiting the synthesis of the polysaccharide ds(h@®jdghican. Alteration of the fungal cell wall triggers a compensat
response like the increased formation of the fungal cell wall polymer chitin. A recent transcriptomic studgtivdthatobsequel
modeling revealed an intimate crossttadieh the cell wall integrity (MpkA) and high eglyadeoityHorA) signaling pathways after
exposure &. fumigatus caspofungin [1]. Little is known so far about the proteomicAe§poigatud caspofungin. For this reason,
we studiethe changes in protein leveés finmigatust different time points of caspofungin exposure (0, 4 and 8 hours) bygeieans of
electrophoresis andfget LAMS/MS. To deepen the insight into the overall fungal response to caspofunginens aeoiniechta
(intracellular and secreted proteins) with previously obtained transcriptome data for pathway and netwatklzatatgsisoftiegierge
induces a robust cellular response that is likely regulated both at the transcrigtomsdrgptpadsievel. Significant changes in the
protein levels were observed for ABC transporters, cell wall glucanases, uncharacterized monooxygenasesrairdrprgitike,involv
pHregulation as well as ergosterol biosynthesis. Som#ustthpathways may contribute to the compensatory rAspomsgatds

to caspofungin.

[1] Altwasser et al., PLoS One 10:e0136932

011

Landscape of nuclear transport receptor cargo specificity

M. T. Mackntulh. OF M. Beck

1IEMBL, Heidelbergr@any

2 eibniz Institute on AgiRgtz Lipmann Institute (FLI), Jena, Germany

The main function of the nuclear pore complex (NPC) is to facilitate and regulate the transport betweenuitie sy tosoN&Eisthe n
are also involved in variousr otkular functions, including protein synthesis, signal transduction and cell differentiati
nucleocytoplasmic transport system is composed of the NPC itself, that forms a large agueous chaepehténedntethirfeG

nucleoporins (NugsENups constitute a permeability barrier, which prevents the passage of the majority of all proteins. Nucle
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receptors (NTRs, also called importins or exportins) specifically recognize localization signals of caigpsssatthoiitgtettie

NPC by transiently interacting withup<

Classical methods such as affinity purification or measurement of dissociation constanitedrto rgiolvedly identify -bargo
interactions because they are of a very transierth@atpeetrum of recognized cargos is huge and their dynamic concentration
comprises orders of magnitude. The exact cargo spectrum of the majority of NTRs, their specificity and evhnathizesxtent
nucleocytoplasmic transport contribyiestdin localization thus remains uncertain. To systematicaliNfrRpedatigmships in an
unbiased wag vivpwe used proximity labeling mass spectrometry basedcatheth@&sdD system. We systematically fused BirA t
various NTRs and otfaztors involved in nucleocytoplasmic transport. We found that at least one third of the human proteome
active nuclear transport. We characterized the specific cargo spectrum of several NTRs and estimated ttegir wiibdifeaity or o
transport pathways. We identified the responsible transport pathways of various key protein complexes andsdeamshstrate
components of pathways tend to be transported by related NTRs. The identification of the exact hintés/leNide rsieg$oprthe
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.

012

Refining the humaproteome integrated analysis of human tissues with a4omiitts approach

H. Hahrie D. WartgB. Eraslat) T. WielaAdB. Hallstréri. 13, A. AspluddF. PonténM. UhlenJ. GagneyB. Kustér
10micScouts GmbH, Freising, Germany

2Technicalriversity Munich, Freising, Germany

STechnical University Munich, Munich, Germany

4KTH Royal Institute of Technology, Stockholm, Sweden

SUppsala University, Uppsala, Sweden

Objective

We have generated comprehensive proteome profiles of 30 diffeisntdsetathrovide a baseline compendium of protein expressic
the human body (which, where, how much, and how active?).

Methods

Fresh frozen tissues were lysed and tryptically digested in solution-hased arocealure. Digests were analyzaffline hSAX
fractionation followed byMSIMS on a QE+ instrument (Thermo Fisher Scientific, Bremen). Identificétien carachtifibation of
peptides and proteins was performed using MaxQuant (1% protein FDR). RNA was extraotedrafitlamadyst8eq2500 platform
to a depth of ~20 million reads (lllumina).

Results

Thirty different healthy tissues have been comprehensively profiled to a depth of 15,000 mRNAs and 9,0@0 prateageper tissue
A detailed analysis of allalbduantified proteins revealed a surprisingly low numbespetifisspioteins (median 300 per tissue).
Nevertheless, around 5000 proteins are actually particularly high expressed in at least a single tissue sivbven®b8pepifiteins
tissue enrichment. These maps provide an important context for proteins with unknown functions as well as fto pmteins
targeted by clinical drugs, supporting an improved understanding of adverse side effects, and PK/PD in general.

The integrati of matched transcriptome and proteome profiles confirmed our previous observation that the ratio betsgen indivi
and their proteins is fairly stable across all tissues, indicating that-sradercsteditipns protein synthesisegnaddtion rate are
similarly balanced in many tissues. Interestingly, deviations from this rulespeitifitoptiggalscriptional, {tmanslational and post
translational regulation of protein abundance.

Conclusions

This baseline map andhtegration with matched information freBedgNstological information, antibody staining and additional exte
resources provides unprecedented insights intanisoell specific biology, including transcriptional and translational regu
mechanisms as well as important drug discovery aspects.

013

Protein array enabled profiling of autoantibody repertoires within health and disease
P. Nilssdn

IKTH Royal Institute of Technology, ScilLifeLab, Stockholm, Sweden

The general understandintipe global reactivity patterns in the human autoantibody repertoires are still at an early phase. Mor
diseases and conditions are speculated to have autoimmune components but very few novel targets are clegalye associc
conditiondn order to explore autoantidbody reactivities and to screen for novel autoantigens, we have for several fjizmrd produc
various formats of protein fragment arrays with antigens from the Human Protein Atlas. Through a condnaatard dieatious f
based microarray formats, including an array with 42.000 protein fragments representing 19.055 unique ptaipitstiageays ar
broad screening studies as well as targeted analysis for verification and validatios. dWeiie findjegeral a very large degree of
heterogeneity between individuals and also often relatively high numbers of antigens targeted by each intlig@salwhegeisoires
also the case for healthy individuals. Within a larger eff@$sopiiing in a fwligeased longitudinal cohort, where both genomic
transcriptomic and proteomic data are generated and correlated to clinical and activity parameters, we hawglobto expl
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autoantibody repertoires which will be praseatéithe main challenge is to convert autoantibody reactivity patterns into a biolog
clinical context and to thereby increase the understanding of disease associations.

014

Social Network Architecture of Human Immune Cells Unveiled by @edntdstomics

J. C. RieckmahrR. Geigéy D. HornbutgK. Kveleés T. WoF, D. JarrossgyF. Sallus& S. S. She@rr3, A. LanzavecchBjal. Manh
F. Meissner

IMPI of Biochemistry, Martinsried, Germany

2IRB, Bellinzona, Switzerland

STechion, Haifa, Israel

The immune system is unique in its dynamic interplay between numerous cell types. Hovidweriear ®fskaw immune cells
communicate to protect against disease has not been established. Here, wesayiied magbks sgemetrpased proteomics to
characterize 28 primary human immune cell populations in steady and activated states at a depth of > 1000y protdiess Prote
reveal a specialization of immune cells for ligand and receptor expressiarediiregetigtecont functions of the immune system. B
integrating total and secreted proteomes, we discover fundamental intercellular communication structuressdmetwesrl adhnecti
types. Our publicly accessible proteomic resource provielesri fom the orchestration of cellular interplay and a reference for a
communication associated with pathology.

015

Highly parallelized, automated and precise native sample preparation for proteome analysis and biomackenetiehsive
search for altered proteoforms as potential biomarkers

H. Rhode

1University Hospital Jena, Institute of Biochemistry |, Jena, Germany

QuestionCould 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 fradiéphetiohnaitinerbody fluids. This
method combines size exclusion (SEC, 1D), anion exchange (AEC, 2D) and, optionally, lectin affinity dphg, BBYichiogatitigr
2Dfractionation, throughout parallelization and automation is realized for the fractionation procedure, spectripftiopickeigc reac
medium exchange, digest, desalting, and the load of an autosalt$lerHerdgdinanit is an experimental setting realizing automate
multichannel pipetting and robot handling of microplates, reservoirs, and column arrays. Four samples maydmpamidssed hi
(serial 1D) or actually in parallel (2D) within three daysresoie than 4000 liquidraations per sample. Still highly complex fraction:
can be further separated by parallel LAC before run through digest and rfaktitsmedly, improved tools are presented enablin
parallel medium exchange,tdegsadnd reoncentration.

Results:The protein input is scalable from 2 to more than 100 mg and from 2 to 1000 kDa molecularreaigbtie il odily,
protein amounts are 93.7 + 2.7, 97.1 + 11.2, and 88.8 + 3.6%ranibesare 3.33.8, and 5.1% CV with, D, and 3b
fractionation, respectively. For process control and analytics several software tools have been developete Thtaetitessnmed
comparison, and visualization are realized in versatile reports.oBestides thit method has several advantages: high proteol
coverage and precision, flexible dynamic range, and additional to mass spec optional enzymatic and immuinatiigioal analy
Versatil applications are feasible with serum and plas@uasptattle, goats, dogs, and mice, and human cerebrospinal fluid (CSF
with human plasma and CSF samples 4997 aruah-B2k@4nhdant proteinsould be identified, respectieleral identified biomarker
candidatescould be successfully evatla.e. for severe inflammation [2], Alport syndipmsofasis [5], and amyotrophic lateral
sclerosis. Moreover, a considerable amount of biomarker candidates were identified as distinct proteofornterwhich
characterization and ahigifrated assay development rather than evaluation by universal ELISA.

ConclusionsQOur precise workflow preserves all intrinsic components and information and thus seems to be suitable for unbit
biomarker search.

[1] Automation Systems efahst Century. Nova Science Publishers, NY, 2013,-1$BR4@7%20, 150;[2] J Chromatogr B, 2008,
876, 313]J Prot Res 2015, 14, 5pJBed Nephrology, 2013, 28, M]U7Proteomics, 2016, 140, 55
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MASP1, THBS1, GPLD1 and Agafe novel biomarkers associated with prediabetes: the KORA F4 study
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Question: Individuals at a high risk of type 2 diabetes demonstrate moderate impairments in gleeosebeietabibiesigical
manifestation of type 2 diabetes, a state called 'prediabetes'. In order to elucidate the pathophysiologictl fyjpeessiabletadin
we aimed to identify protein biomarkers associated with prediabetes.

Methods: In aqteomics study, we used targeted selected reaction monitoring (SRM) mass spectrometry (MS) to quantify
proteins in the plasma of 439 randomly selected men and woriéryegedfiin the populdtamed German KORA F4 study-Cross
sectioal associations of protein levels with prediabetes (impaired fasting glucose (IFG) and/or impaired glucdgpetderance
diabetes, glucose levels in both the fasting state and 2 h after an OGTT, fasting insulin, and insulin stigjatadcasingre inv
regression models adjusted for technical covariables, age, sex, BMI, smoking, alcohol intake, physical énsisiity, actua
triacylglycerol levels, total cholesterclibiBdterol ratio, and {sigisitivity-@active protdievels.

Results: Manndimding lectin serine peptidase 1 (MASP1; OR per SD 1.77 [95% CI 1.26, 2.47]), thrombospondin 1 (THBS1; Ol
[95% CI 1.16, 2.07]) and glycosylphosphatidgpro#itophospholipase D1 (GPLD1; OR per SD 1.40025%93])lwere positively
associated with prediabetes, and apolipopidtépaddyV, 0.75 [95% CI 0.56, 1.00]) was inversely associated with prediabetes. M
was positively associated with fasting and 2 h glucose Iehélwagposersely andBBH was positively associated with 2 h glucose
levels. MASP1 associations with prediabetes and fasting glucose resisted Bonferroni correction. Type 2 digbetpsrédgsociat
influenced by glucémeering medication.

Conclusions: We discovereglrend independent associations of prediabetes and related traits with MASP1, and some ev
associations with THBS1, GPLD1 arntlVApuggesting a role for these proteins in the pathophysiology of type 2 diabetes.
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From Integrative OMIGSRredictive, Mechanistic Models

L. Kaderali
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Technological advances in the last decade have transformed the biomedical sciences, and have led to annexyeréngattahcreas
data. Todays Biology and Medicine are veichdati@nces, and correspondingly, computational data analysis methods and bioinf
approaches are rapidly gaining importance to extract knowledge from the wealth of expermémgmabstiborimgiothése
approaches are increasingly being used to automatically learn from data, and data mining and machine leanginigféools ca
predictive signatures of e.g. disease and disease progression or treatment rgspasrsdjiuatmaderlying mechanisms.

A particular challenge is the integration of different types of experimental data, such as genomic, transcaptbprictemeticylomi
profiles, and their integration with clinical and phenotypic data.nthibelargf measurements are available on each individual sar
or patient, often the number of different samples is limited, leading to problems with overfitting of corffaretiomelasodeie s
scales and platforms further compliegtated analysis. One solution to these problems is to focus on molecular networks and
instead of individual marker genes, making also the biological interpretation of results easier.

In my talk, | will give an overview over different datachabtagntegration methods used for the analygtsrofigigiut OMICs data,
and | will discuss how predictive and also mechanistic models can be derived from such data. | will illpktsategthisowitbagicam
infection research andragieand will show examples both from basic research as well as clinical applications.






