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Welcome

Dear Friends and colleagues,

I am writing these lines with special emotion. This is because when we decided to create the series of ICAP
conferences in 2009 we were convinced that the right time had come for a conference about analytical proteomics.
Now, the success of the idea is something that makes us proud of the work we did and it confirms that we were
right. Portugal, Spain, Brazil and now Portugal again are the countries where the ICAP conference has passed
throught. Thus, next September more than 200 researchers from 27 countries will join together for the IV-ICAP
conference. This shows that analytical proteomics is more alive than ever. Biomarker discovery, label free protein
quantitation, protein quantitation with labels, gel-based strategies, 2D-DIGE, are some of the subjects presented at
this IV-ICAP enabling us to enjoy a high quality conference. From United States to Chile, from Sweden to Australia,
old friends are going to meet again and new ones are going to be made. Please, mind that the venue is a SPA with
excellent facilities. The use of the gym as well as the pools is included in the price. Also a nice golf camp is waiting
for us. For those of us who run, the golf camp has a beautiful circuit to jogging. Furthermore, the possibility of a
personal trainer during the stay is also available. Monday and Tuesday a bus will be made available for a non-guided
tour in Lisbon down-town.This year the weather is excellent, and we are confident that September is going to be

fantastic. Do not forget bring your sunglasses and your swimsuit.
Thanks for attending.

On behalf of the scientific and organizing committees

J. L. Capelo

Carlos Lodeiro

Conference Chairs
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PL 1-One gene, many changes: a long history involving soybean

Marco Aurélio Zezzi Arrudal?

1Spectrometry, Sample Preparation and Mechanization Group — GEPAM, 2Institute of Science and Technology
for Bioanalytics, Institute of Chemistry, Department of Analytical Chemistry, University of Campinas - Unicamp,
PO Box 6154, 13803-970, Campinas, Brazil

e-mail: zezzi@igm.unicamp.br

Abstract

Exogenous genes are successfully introduced into plants since the 80°s, and that one, which confer the resistance of
the soybeans to glyphosate, the most used herbicide in the world, the first reported in the literature [1]. Since then,
genetically modified organisms (GMOs) are being exponentially produced, so that 170 million hectares is nowadays
related to crops engineered in at least 28 countries [2]. This fact not only reinforce the importance of such organisms,
but also shows a good appeal to sustainability once that these GMOs produce enhanced characteristics such as high

amount of fibers, proteins, are resistant to pests and/or insects, among others [2].

In this way, our research group is deeply interested in studying, since long time ago, the effects that a transgenic
modification has on the proteome, the metabolome, the ionome, besides others of an organism [3-5], also evaluating
different generations of plants. In this way, enzymatic evaluation, proteomics, and bioaccessibility will be presented
for investigating some aspects regarding soybean [Glycine max (L.) Merril] seeds and plants. Platforms like 2-D
DIGE, ICP-MS, and ESI-MS/MS will be presented, as well as some results regarding stress production and the
cultivation of this culture in the presence of nanoparticles.

References
[1] Monsanto do Brasil. http://www.monsanto.com.br/produtos/sementes/ soja_roundup_ready/soja_round_ready.asp.
[accessed at June, 24™, 2015]
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PL 2-Metalloproteomics in cellular time and space: Pancreatic 3-cells

W. Maret

Metal Metabolism Group, Diabetes and Nutritional Sciences Division, Department of Biochemistry, Faculty of

Life Sciences and Medicine, King’s College London, London, United Kingdom.

Abstract

Purpose: Cells have characteristic metallomes. Changes of either essential or xenobiotic metal ions can lead to
disease. This overview will discuss the interactions of metallomes and metalloproteomes in the human pancreas
with special reference to the role of zinc in health and diabetes. In the endocrine pancreas, zinc is involved in insulin
storage, processing, and release. Among the different cell types in the Islets of Langerhans, emphasis will be given
to the knowledge accumulated from integrated ‘omics’ investigations of the B-cell and its subcellular zinc and

calcium metabolism in insulin secretory granules (ISG).

Experimental description: Metallomes are addressed with ICP-MS for total zinc and fluorescent chelating probes
for free zinc ion concentrations; transcriptomes with gPCR and bioinformatics; and metalloproteomes and
phosphoproteomes with enzyme kinetics and molecular modelling.

Results: The ISG contain crystallized insulin in addition to at least 150 other proteins, have remarkably high zinc
concentrations (0.1-0.5 M), and are dynamic in terms of biogenesis and secretion of their contents. Quantitative
metallomics provides new insights into the roles of zinc and calcium in B-cell biology and into the unique and rather
complex proteome and secretome of ISG.

Conclusions: The B-cell ISG have specific zinc- and calcium-dependent pathways. Addressing ISG biochemistry
raises issues about theoretical aspects, namely the meaning of concentrations in small cellular volumes (Bal W.,
Kurowska E., Maret W. (2012) PLoS One 7(9):e45832), and poses significant challenges to the technical limits of

analytical proteomics at the level of single cells and highly dynamic subcellular structures.

Key Words: metallomes, metallo- and phosphoproteomes, kinomes, phosphatomes, secretomes, zinc, calcium,
pancreas, islets, diabetes
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PL 3-Proteomic profiling of neuromuscular disorders

K. Ohlendieck, S. Murphy, A. Holland

Muscle Biology Laboratory, Maynooth University, National University of Ireland, Maynooth, Co. Kildare, Ireland.

Abstract

Purpose: Neuromuscular disorders are associated with a great variety of pathophysiological triggering mechanisms, including
primary genetic defects, acquired autoimmune processes, traumatic tissue injury, drug-induced abnormalities, cytotoxic insults
and disuse-related atrophy, as well as changes during natural aging. In order to establish robust biomarker signatures for
developing improved diagnostic, prognostic and therapy-monitoring test systems that can differentiate between individual

muscular diseases, systematic evaluations of proteome-wide changes in pathological muscle specimens have been carried out.

Experimental description: Mass spectrometry-based proteomic profiling was used to compare skeletal muscle samples from
normal versus pathological samples. Both, animal models of common neuromuscular disorders and human biopsy material was
used in large-scale comparative studies. Subcellular fractionation procedures, fluorescence two-dimensional gel electrophoresis
and/or liquid chromatography were employed for the efficient separation of the assessable muscle proteome. The independent
verification of proteomic findings was carried out by enzyme assays, protein binding experiments, immunoblotting surveys and

immunofluorescence microscopy.

Results: The systematic profiling of pathological skeletal muscle specimens has resulted in the establishment of a variety of
novel biomarker candidates for the detailed characterization of muscular dystrophy, motor neuron disease, myotonia, diabetes-
associated muscle weakness and sarcopenia of old age. Identified proteins are associated with cellular signalling, ion
homeostasis, excitation-contraction coupling, the contractile apparatus, the cytoskeleton, the extracellular matrix and the cellular

stress response.

Conclusions: The newly identified proteomic biomarker candidates can now be further characterized and tested for their

suitability as diagnostic, prognostic and therapy-monitoring indicator molecules in the field of neuromuscular pathology.
Ohlendieck K. Proteomic identification of biomarkers of skeletal muscle disorders. Biomarkers in Medicine 2013;7:169-86.

Brinkmeier H, Ohlendieck K. Chaperoning heat shock proteins: proteomic analysis and relevance for normal and dystrophin-

deficient muscle. Proteomics Clinical Applications 2014;8:875-95.

Holland A, Dowling P, Meleady P, Henry M, Zweyer M, Mundegar RR, Swandulla D, Ohlendieck K. Label-free mass
spectrometric analysis of the mdx-4cv diaphragm identifies the matricellular protein periostin as a potential factor involved in

dystrophinopathy-related fibrosis. Proteomics 2015 (in press).
Key Words: biomarker, diabetes, motor neuron disease, muscular dystrophy, myotonia, sarcopenia of old age
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PL 4-Proteomics goes forensics!

Simona Francese

BMRC, City Campus, Sheffield Hallam University, Howard Street, Sheffield, S1 1WB

Abstract

In the past years, proteomic science has undergone tremendous improvements bringing about an unprecedented
wealth of in depth knowledge and understanding of biomolecular systems. Nonetheless, the need remains for
improved sample preparation and mass spectrometric methodologies yielding additional peptide signals with higher
abundance. It has been clear for many years now that protein biomarkers are usually at the bottom of the protein
concentration range in biological systems; this together with isobaric peptides and ion suppression justifies the need
for more reliable, sensitive and specific proteomic methodologies. In this presentation, some novel approaches
devised and implemented in our laboratories to improve enzymatic digestions both in solution and in situ (for intact

tissue analysis)*?, will be described and discussed.

Furthermore, this presentation will illustrate the adoption of these methodologies for yet another application area of
proteomics, namely forensic science. In our laboratories fingerprints and blood are the main forensic specimens of
interest currently being investigated; strategies to provide investigators with the additional and reliable intelligence

around the case and the suspect are being developed through a bottom up proteomic approach.

Interesting information concern the ability to determine the sex of an individual from the protein make up of their
fingerprints® and reliably detect the presence of blood at crime scenes through blood specific peptide signatures as

opposed to presumptive forensic tests currently being applied®.

Some of the proteomic information provided may also have an important impact in answering other research
questions such as the age of blood found at crime scenes but also in crossing over other discipline fields such as

medical diagnostics.

The work presented here is that of many people in our laboratories as well as of collaborators in industry other
Universities and governmental partners such as the Home Office UK and appropriate credit will be given during the

presentation.

Keywords

MALDI, in situ, Proteolysis, Detergents, Fingermarks, blood, hydrophobin
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PL 5-High resolution quantitative top-down proteomics: Resolving protein
species as a key to identifying biomarkers and analyzing molecular

mechanisms.

C.S. Malladi, A. D’Silva, M. Sen, M.A. Partridge, J.R. Coorssen

Dept of Molecular Physiology, and the UWS Molecular Medicine Research Group, School of Medicine,
University of Western Sydney (Campbelltown Campus), NSW, Australia

Abstract

Molecular mechanisms underlying biological processes function at least in part based on the flexibility and fine-
tuning provided by protein isoforms and post-translational modifications. The ability to effectively and routinely
resolve protein species is therefore central to Proteomic analyses. But what does it mean to do this? How can one
routinely assess for changes among the myriad of protein species? The most basic and widely applied approach is
to simply identify (apparent) proteins detected, with little-to-no consideration of the breadth of protein species (i.e.
isoforms, and splice and post translationally modified variants). This is essentially a cataloging approach, with
varying degrees of certainty or even consistency in terms of the actual general protein identifications themselves.
Thus, while the quest for putatively higher throughput has brought us to this point, from the perspective of a genuine
and broadly inclusive Discovery Proteomics approach, tremendous amounts of critical data are also lost. What can

be done in terms of routine analyses to address this data drain, and consistently resolve protein species?

Two-dimensional gel electrophoresis (2DE) remains widely regarded as a gold-standard for Proteomic
analyses for just this reason. Despite the continued appearance of hackneyed reviews in the literature, 2DE has
developed well beyond its suggested limitations of ~15-20 years ago, providing a robust, quantitative approach for
the routine, high-resolution, top-down assessment of full proteomes. That is, with reasonable throughput, 2DE
resolves protein species — indeed, that is the fundamental basis and strength of the method. There is no other
analytical approach that can do this routinely, in parallel, for multiple samples. Coupled with mass spectrometry,
the 2DE/MS approach is thus arguably the most ideal for rigorous Discovery Proteomics, recognizing the need to

assess the protein species in a given proteome, rather than just the possible presence of certain proteins.

I will briefly review the critical refinements that have enhanced 2DE and provide some examples that attest
to its role as a key analytical approach. Among these are refinements in sample preparation and protein extraction,
‘post-fractionation’ for improved overall protein resolution and detection, new in-gel protein staining and detection
approaches, and a ‘deep’ or iterative imaging approach; together these enable high resolution, quantitative proteome
coverage that is much more substantial than has ever previously been realized. Refined processing/digestion
techniques and standard MS analyses of newly detected protein species confirm that the current 2DE analytical
protocol enables assessment of proteins known to be of extremely low abundance. | will also briefly review our
application of this refined 2DE/MS approach in studies targeting biomarker discovery as well as analyses of tissues
to understand disease mechanisms; the hope is that such direct analyses will aid in the development of new

therapeutics.
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Quantitative, high resolution top-down proteomic analyses are thus available at a fraction of the cost of
other approaches; 2DE is a rigorous, routine, high-resolution technique for detailed proteomic analyses.
Nevertheless, considering the complexity of native proteomes, there is no panacea or ‘best’ approach. Critical,
quantitative methodological evaluation and re-evaluation will always lie at the core of the most effective proteomic

analyses.
Key Words: 2DE, Discovery Proteomics, Protein species, Top-down
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K1-Next generation Pathology - molecular tools for surveillance of tumor

microecology

O. Soderberg*

'Uppsala University, Department of Immunology, Genetics & Pathology, Science for Life Laboratory, Biomedical
center, 751 08 Uppsala, SWEDEN.

Abstract

The activity status of a protein or signaling networks can be visualized with in situ Proximity Ligation Assays (in
situ PLA) using a pair of antibodies equipped with DNA oligonucleotides (proximity probes) to target interacting
proteins. Proximal binding of such probes template the creation of a circular DNA molecule, which is a surrogate
marker for the interaction. | will describe how different versions of in situ PLA may be used to also analyze protein
interactions, post-translational modifications and protein-DNA interactions. | will also describe a multiplexed
version of in situ PLA, in which unique tags are introduced in each different proximity probe. The combinatorial
events generating an in situ PLA signal will harbor a unique identifier tag for each protein interaction. By combining
in situ PLA with padlock probes, analysis of signaling activity can be achieved together with genotyping expressed
MRNA in fixed tissue sections, retaining the architectural information while providing single-molecule resolution.
This “next generation pathology” will enable not only analysis of molecular profiles throughout a tissue section, but

might be used to evaluate how cellular communications affects the cellular programs.
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K2-Post-sampling changes in endogenous peptide levels and the effect of

tissue Stabilization

Karl Skéld*?, Jie Su#4, Katalin Sandor3,Shibu Krishnan®#, Payam Emamit, Camilla Svensson®, Kim

Kultimal?

!Department of Medical Sciences, Cancer Pharmacology and Computational Medicine, Uppsala University,
Uppsala, Sweden 2Research and Development, Denator AB, Uppsala, Sweden 3Department of Physiology and

Pharmacology and “Neuroscience Karolinska Institutet, Stockholm, Sweden

Abstract

Purpose: Immediately after sacrifice of experimental animals or tissue excision during sampling, enzymes present
in tissues start to degrade proteins and peptides, and thus give rise to analytical results based on post-mortem
conditions that are not representative to the in vivo conditions. Neuropeptides and hormones are often difficult to
detect and measure, often due to low levels, small size, and their rapid degradation. We have developed methods to
extract peptides from mice spinal cord using different extraction methods. Peptides involved in modulation of
nociceptive transmission are more likely to be expressed in the dorsal than the ventral horn of spinal cord. By

comparing dorsal and ventral spinal cords peptides of involved in nociceptive transmission have been identified.

Experimental description: Mouse spinal cord were collected and immediately heat stabilized using the Stabilizor
system (Denator AB, Gothenburg, Sweden) set at 95°C for 30-40 sec (Skold et al. 2007). After stabilization the
dorsal and ventral parts of the cervical (C3-C8) and lumbar (L1-L6) enlargements were dissected under a dissecting
microscope. Peptide extraction was performed using Peptide extraction Kit (Denator AB, Gothenburg, Sweden)
according to the manufacturer’s description. Peptides were extracted using 7.5 pl 0.25% acetic acid/mg tissue and
25% or 50% methanol or acetonitrile, respectively, utilizing ventral and lumbar dorsal horns. Five-microliter
samples were analyzed using Agilent 1100 binary pump (precolumn (45 x 0.100 mm i.d.) and separated on a
reversed phase column, 200 x 0.050 mm (reproSil-Pur C18-AQ 3 pm particles)) directly coupled to a hybrid LTQ
FT-ICR mass spectrometer equipped with a 7T ICR magnet (LTQ FT, Thermo Electron, Bremen, Germany). The
obtained MS/MS files were searched against a compilation of mouse precursors containing known neuropeptides
and peptide hormones by using X! Tandem (Craig & Beavis 2004) and MASCOT Daemon (version 2.3, Matrix
Science, London, UK).

Results: In the extraction utilizing mainly water and 0.25% acetic acid a total of 204 protein precursor derived
peptides were identified in mouse spinal cord. Out of these 36 were determined to be previously identified full-
length neuropeptides. By extraction with organic solvents in mouse dorsal horns using acetonitrile or methanol in
25% or 50% concentrations, an additional seven previously identified full-length neuropeptides including galanin
and an additional 16 protein precursor derived peptides were identified.

36 full length previously known neuropeptides detected, 168 additional novel peptides, where of 50 only expressed
in dorsal horn in spinal cord. The peptide [des-Ser1]-cerebellin (desCER), originating from cerebellin precursor
protein 1 (CBLN1), was found to be predominantly expressed in the dorsal horn. Immunohistochemistry showed
the presence of CBLN1 immunoreactivity with a punctate cytoplasmic pattern in neuronal cell bodies throughout

the spinal gray matter. Cerebellin-1 CBLN1 was injected intracecally in mice inducing mechanical hypersensitivity.
28
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Conclusions: 36 full length previously known neuropeptides detected, 168 additional novel peptides, where of 50

only expressed in dorsal horn in spinal cord that can be potential novel endogenous pain modulators.
Key Words: peptidomics, heat stabilization
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K3-Three-Dimensional Image of Cleavage Bodies in Nuclei Is Configured
Using Gas Cluster Ion Beam with Time-of-Flight Secondary Ion Mass

Spectrometry

Mitsutoshi Setou!
1Dept of Cell Biology and Anatomy, Hamamatsu University School of Medicine, 1-20-1 Handayama, Higashi-ku,
Hamamatsu, Shizuoka 431-3192, Japan.

Abstract

Purpose: Structural variations of DNA in nuclei are deeply related with development, aging, and diseases through
transcriptional regulation. By introducing an Arasee™-gas cluster ion beam (GCIB) sputter, which was recently
engineered to bare cross sections of samples maintaining submicron structures, to time-of-flight secondary ion mass
spectrometry (TOF-SIMS), we analyzed the 3D configuration and chemical composition of subnuclear structures
of pyramidal cells in the CA2 region in mouse brain hippocampus.

Experimental description: Frozen mouse brains were sectioned to a 10 um thickness in a coronal plane. Pyramidal
cells at CA2 region of hippocampus were analyzed by a PHI TRIFT V nanoTOF (ulvac-phi). Using Auz?* as a
primary ion, Negative ions from m/z 0 to 1850 were analyzed about a 50 um x 50 um region with a resolution of
256 pixels x 256 pixels. By combining an Arxse*-GCIB as a second ion beam, 3D TOF-SIMS was performed.
Epifluorescence observation of DAPI was also performed to compare ion distributions with locus of cellular nuclei.

Results: Depth profiles of chemicals were analyzed as 3D distributions by combining topographic analyses. Signals

corresponding to anions such as CN~ and POs;~ were distributed characteristically in the shape of cell organelles.
CN~ signals overlapped DAPI fluorescence signals corresponding to nuclei. The clusters shown by POs™ and those
of adenine ions were colocalized inside nuclei revealed by the 3D reconstruction. Taking into account their size and
their number in each nucleus, those clusters could be in the cleavage bodies, which are a kind of intranuclear
structure.

Conclusions: Aiming at submicron 3D analysis, we combined GCIB sputtering and TOF-SIMS measurement.
Using this modality, we have successfully found negative ions constructing distinct clusters inside nuclei. Our
modality has an advantage in that chemicals contained in tiny structures that are hard to separate or purify can be
directly analyzed. We believe our method will help to enrich the discussions on theoretical models of the

mechanisms underlying intranuclear organelles.
Keywords: TOF-SIMS analysis, GCIB sputtering, topography analysis
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K4-SWATH-MS for Quantitative Proteomics

dl,2

Kristin Frederickl, Nicole A. Haverlan and Pawel Ciborowski1

!Department of Pharmacology and Experimental Neuroscience, University of Nebraska Medical Center, Omaha, NE

2Department of Chemistry, Northwestern University, Evanston, 1L

Abstract

Purpose: The development of SWATH-MS (1) has provided a powerful platform for label-free proteomics.
However, the transparent analysis of data generated by SWATH-MS has been a challenge that, until recently (2),
has not been documented in detail. Here we describe a straightforward methodology for generation of a spectral
library enriched for nucleic acid binding and regulatory proteins, data transformation and normalization, statistical

analysis, and bioinformatic analysis.

Experimental description: We have used this methodology to investigate the global proteomic alterations in
several biological systems. This includes primary human macrophages infected with HIV-1 and/or exposed to
methamphetamine (METH), Jurkat T-cells infected with HIV-1, and THP-1 macrophage cell line exposed to
METH. We also applied SWATH-MS technology to study proteomic changes in formalin-fixed paraffin-embedded
mouse brain tissue sections. For each study we developed an in-house library of spectra. The experimental datasets
were processed using PeakView software v. 2.0 (Sciex). The exported data were subjected to extensive statistical
analysis, including z-score transformation, outlier removal, 2-way repeated measures ANOVA, and post-hoc Tukey
test. Statistically significant differences were subjected to bioinformatics analyses to reveal the impact of infection

and/or METH on the biological system.

Results: Bioinformatic analyses of SWATH-MS generated data of HIV-1 infected primary human macrophages
showed alterations in nucleic acid binding and regulatory proteins using PANTHER tool (Fig. 1). After outlier

removal, additional biological information was revealed (Fig. 2).
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Conclusions: Rigorous statistical analysis of large and complex datasets with high variability are necessary for

avoiding false positive results in downstream bioinformatics analyses.
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Key Words: SWATH-MS, mass spectrometry, proteomics, data analysis, bioinformatics
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K5-The proteomic proficiency to identify and elucidate antimicrobial

resistance bacteria

G. Igrejast®3#*, A, Gongalves®?, T. Santos®?, C. Marinho*?, S. Correial?, R. Monteiro*?, L. Pinto®?, H.
Radhouani®?, S. Ramos %2, J. L. Capelo®*, H. M. Santos®* and P. Poeta®4°
'Department of Genetics and Biotechnology, University of Tras-os-Montes and Alto Douro, Vila Real, Portugal.
2Functional Genomics and Proteomics Unit, University of Tras-os-Montes and Alto Douro, Vila Real, Portugal.
3BIOSCOPE Group, REQUIMTE-CQFB Chemistry Department, Faculty of Science and Technology, University
NOVA of Lishon, Lisbon, Portugal.
“ProteoMass Scientific Society. Faculty of Sciences and Technology. Campus de Caparica, Caparica. Portugal.

SVeterinary Science Department, University of Tras-os-Montes and Alto Douro, Vila Real, Portugal.

Abstract
Purpose: To consider the contribution of proteomics to the study of antimicrobial-resistant (AMR) bacteria from

clinical and environmental origin.

Experimental description: Proteomic approaches have been considerably improved during the past decade and
have been used to overview and investigate the differences in protein expression profiles of cells grown under a
broad spectrum of growth conditions and with different stress factors including antibiotics. The Functional
Genomics and Proteomics Unit based at the University of Tras-os-Montes e Alto Douro (Vila Real, Portugal), using
gel-based proteomic methodologies (e.g. 2D-GE, MALDI-TOF/MS, LC-MS/MS) has aimed to elucidate the

distinctive characteristics of AMR bacteria from different sources, either clinical or environmental.

Results: From Salmonella Typhimurium and methicillin-resistant Staphylococcus aureus human clinical strains to
Enterococcus spp. and Escherichia coli environmental strains recovered from wildlife species the work done so far
has allowed to overview the proteome of several strains during induced stresses and to identify the most recurrent
and deviations in the identified proteins associated biological processes. The research done allowed identifying
antimicrobial proteins directly related with antimicrobial resistance or to bacterial virulence that complemented
previously published genomic data where no specific mechanisms of resistance/virulence have been elucidated.
Other identified proteins shown to be indirectly related with antimicrobial resistance or to bacterial virulence like
chaperone proteins linked with aminoglycosides resistance, membranar proteins previously shown to increase the
level of resistance to tetracycline or associated with increased virulence. Moreover, comparative proteomics studies
presented an overview of the complex changes in expression and metabolism that occur when AMR bacteria is
stressed with specific antibiotics. For instance, the abundance of chaperone, porin and export proteins showed to be
particularly affected during antibiotic stressing conditions, which indicates that the stress response and transport

functions are essential and directly influence the antibiotic resistance response of AMR strains.

Conclusions: The proteomic profiling allows to obtain an overview of the proteins present under specific stress
conditions while the comparative proteomics methodologies allows to investigate differences in protein expression
profiles of cells grown under different stress factors. Proteomic studies of stress-induced metabolism changes in
bacterial strains from clinical and environmental origins might show how different strains are related and how

different environments act as reservoirs.
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Abstract

The Hsp40 co-chaperones represent the largest Heat shock protein (Hsp) family, all of which bind the Hsp70
ATPase domain in assisting protein folding. Hsp40s are represented by more than 50 members in human [1] and 20
members in yeast [2], which demonstrates the versatility of their function/specialization inside the cell. Although
all members of this family contain an N-terminal J domain (necessary to bind Hsp70 and regulate its ATPase
activity), they can be further classified into 3 groups, depending upon the presence or absence of other motifs. The
DNAJ type 1 or DNAJA contains a C-terminal domain and a zinc finger middle domain. The function of the later

is until now elusive but it is known to be important in orientating the J-domain [3]. Moreover we discovered that a
tightly regulated zinc metal ion (Zn+2), can disturb the conformation of DNAJA. Indeed it is already well established

in tumor cells that particular zinc transporter is up-regulated [4]. In addition, type 1 Hsp40 is also known to have
pro-apoptotic action in cells [5]. Based on these findings, the zinc finger domain triggered a particular interest in
our study, with emphasis on zinc ions as a binder and a conformational modulator. We hypothesized that the zinc
finger domain in type 1 Hsp40 may act as a regulator through its affinity with zinc ion. In order to test our hypothesis,
we performed biophysical measurements that showed a decrease in thermo-tolerance and chaperone activity under
conditions of low zinc concentration. All together, these data suggest for the first time to our knowledge, an impact
of zinc on Hsp40 activity which could impart a physiological response.
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Abstract

Dekkera bruxellensis is a contaminant industrial yeast in beverages and biofuels production, with special features
as the ability to assimilate nitrate as sole nitrogen source. Nitrate assimilation increases energy demand and induces
glycolytic, pentose phosphate (PP), tricarboxylic acid cycle (TCA) and ATP synthesis pathways. These metabolic
routes study contributes to understanding the biology and evolution of industrial yeasts. Here were investigated the
expression profile of proteins/enzymes associated with glycolysis and TCA pathway in the yeast D. bruxellensis
grown in nitrate or ammonium (control) containing medium. The D. bruxellensis GDB248 strain was growth in: (i)
synthetic liquid medium DB-complete (ammonium) or (I1) synthetic liquid medium Db-nitrate (nitrate) at 33 ° C,
at 150 rpm, in triplicate, until the exponential growth phase. Samples were frozen in liquid N2 and protein extraction
was performed by SDS-sample buffer mixed protocols. Protein samples (100 pg) were digested with trypsinin in
the presence of RapiGest SFTM (Waters, USA) and subjected to label-free shotgun proteomics analysis performed
in Synapt G2-S® mass spectrometer (Waters, UK). Proteins were putatively identified from peptides through
HDMSE acquisition in ion mobility multiplex MS/MS. Glycolysis- and TCA-cycle associated proteins/enzymes

were functionally mapped using Uniprot (http://uniprot.org/) matches and adjusted manually. To evaluate the

differential expression the ANOVA statistical test was applied. Thirty enzymes were mapped to glycolysis (15),
including two enzymes to sucrose assimilation, or TCA-cycle (15) pathways, and 17 of them showed significant
difference between treatments. Four glycolytic enzymes were induced in nitrate condition: one sugar transporter
family protein, two hexokinases and one fructose-bisphosphate aldolase. From TCA cycle, only three mitochondrial
enzymes were more accumulated under nitrate condition: a NAD-dependent isocitrate dehydrogenase subunit,
succinyl-CoA ligase beta-chain, and NAD-dependent malate. Surprisingly, no fumarase was identified, although
essential in TCA cycle. Proteins induced in nitrate condition corroborate recent transcriptomics and 2-DE proteomic
studies, which have demonstrated high correlation between nitrate assimilation and energy metabolism in D.
bruxellensis. Enzymatic activity and metabolic investigation will enhance the understanding on nitrate assimilation

effects over carbohydrate metabolism in D. bruxellensis yeast.
Key Words: yeast contaminant, nitrogen source, shot-gun proteomics.
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Abstract

Purpose: Hypersensitivity pneumonitis (HP) is an inflammatory interstitial lung disease resulting from exposure to
a wide variety of antigens contained in organic particles dust. Bird fancier’s lung (BFL) is a form of HP caused by
repeated inhalation of avian antigens, mainly located in droppings, blooms and feathers. Several candidate
substances have been reported such as IgA, 1gG and pigeon intestinal mucin, but none of them have been clearly
identified. Diagnosis of HP requires an association of clinical, radiological and biological markers including
serological test. However, immunological tests routinely used lack of specificity and standardization. The aim of
this study was to investigate immunogenic proteins in pigeon dropping by comparative western blot analysis and to
identify them by mass spectrometry.

Experimental description: To evaluate antibody-mediated immunity, two-dimensional western blotting using
Columba livia dropping were performed. The membranes were probed with sera from 10 patients with BFL, 2
healthy exposed controls and 2 controls without exposure to birds. 14 candidate proteins were excised from the two-
dimensional-gel Electrophoresis and identified by liquid chromatography coupled to tandem mass spectrometry
(LC-MS/MS).

Results: First of all, none of sera from control and exposed subjects presented specific antibodies against proteins
from pigeon dropping extract. We identified 6 proteins which may be grouped into three categories based on their
putative functions. The heavy chain V-I1II, the lambda chain and the polymeric receptor of immunoglobulin was
respectively bound by antibodies from at least 90%, 80% and 80% of patient with BFL. Among the proteins of the
immune system of birds, we also identified the mucin recognized by antibodies from at least 70% of patients.
Pancreatic lipase and chymotrypsinogen, both digestive proteins secreted into the pancreatic fluid were also

identified. These proteins were revealed by Western blotting for 80% of patients.

Conclusions: This study allowed the identification of 6 proteins of interest for serological diagnosis of BFL. These
proteins related to immune and digestive systems of birds.Genes coding for these proteins were cloned and
recombinant antigen are currently under development. The performance of these recombinant antigens will be

evaluated by ELISA and may allow optimization of the serological diagnosis of BFL.

Key Words: Bird fancier’s lung, mass spectrometry, immunoglobulin, western blotting, bird droppings
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Abstract

Purpose: Amyloids are protein aggregates with characteristic cross-beta diffraction pattern. Amyloids are found in
different organisms, from bacteria to human, and can be either pathogenic or functional. In bacteria, amyloids play
different functional roles, from biofilm formation to interaction with host. Nevertheless, all bacterial amyloids
identified to date were found accidentally, and targeted screenings for amyloid-forming proteins in these organisms
have never been performed to date. The goal of this study was to implement a proteome-wide screen for candidates
for amyloid-forming proteins in the most commonly used prokaryote Escherichia coli.

Experimental description: To perform a search for candidates for novel amyloids, we used proteomic method,
PSIA (Proteomic Screening and ldentification of Amyloids) [Nizhnikov et al. // PLOS One, 2014, ¢116003],
recently developed by us. This method is based on unusual resistance of amyloids to treatment with ionic detergents,
which allows extraction and purification of detergent-resistant protein fractions probably enriched with amyloids
(DRFs). In contrast to previously published variant of PSIA, in which proteins of DRFs were separated by two-
dimensional gel-electrophoresis, here we used high-performance liquid chromatography followed by MALDI mass-

spectrometric peptide identification for this purpose.

Results: We performed a comparative proteome-wide screenings for novel amyloid-forming proteins in a set of
different E. coli strains. First observation was that DRFs obtained from all strains were extremely conservative and
contained a number of different contaminants like enzymes that act in oligomeric form as well as major membrane
proteins. Nevertheless, there were some interesting proteins that might have amyloid properties. First group of these
proteins are colicins, bacterial toxins, whose homologues from other bacteria were shown to form amyloid-like
fibrils. Second group includes proteins of type-1 fimbriae. Interestingly, another type of E. coli fimbriae called curli
is widely known to have amyloid structure. Further analysis of identified proteins is expected to explain whether

they form bona fide amyloids in E. coli.

Conclusions: Proteome of E. coli contain a number of proteins that form detergent-resistant polymers in vivo. Some

of these proteins are promising candidates for novel bacterial amyloids.
Key Words: amyloid; prion; MALDI; HPLC; E. coli; protein identification

Acknowledgements: The work is supported by the grant of the President of the Russian Federation MK-
4854.2015.4. The authors acknowledge St. Petersburg State University for opportunity to use facilities of the

Research Resource Center for Molecular and Cell Technologies.

Correspondence: k.antonets@spbu.ru

40



ICAP 2015 - Proceedings

S5-Metalloproteomic liver map of diabetic rats

C. P. Braga*? J. C. S. Vieira!, B. Cavecci?, J. V. Queiroz®, A. C. Bittarello®, J. Adamec?, P. M. Padilha’

!Department of Chemistry and Biochemistry, Institute of Bioscience, Sdo Paulo State University, Botucatu, Sdo
Paulo, Brazil.
2Redox Biology Center, Department of Biochemistry, University of Nebraska-Lincoln, Lincoln NE, United
States.

3College of Veterinary and Animal Science, Sdo Paulo State University, Botucatu, Séo Paulo, Brazil.

Abstract

Purpose: Diabetes mellitus type 1 (DM1) is a chronic autoimmune disease of the pancreatic p-cell destruction,
resulting in a framework of insulin deficiency. When chronic, hyperglycaemia leads to abnormalities in the
metabolism of lipids, proteins and carbohydrates, in addition to altering the balance between pro-oxidants and
antioxidants. Several studies have involved comparing the biomarker protein pattern present in a healthy sample
with an affected sample because proteins play crucial roles in biological systems (specific activities associated with
other biomolecules, where their expression levels are essential for optimal performance of cellular functions).
Although the metal ions constitute only a small proportion of body tissue, they are essential as structural components
and, in many vital processes; they have major structural and functional roles. The aim of this study was to compare
the mapping of Cu, Mg, Se and Zn present in spots of liver gels in normal (C), diabetic (DM1) and diabetic treated

with insulin (DM1+Ins) rats (n = 8/group) by two-dimensional electrophoresis for separation of proteins .

Experimental description: The animals used were 24 Wistar, male rats (Rattus norvegicus), with an average initial
weight of 250 g, aged 45 days old. The experimental DM1 was induced by the intraperitoneal administration of
streptozotocin in a single dose, at a concentration of 60 mg kg™ body weight and DM1+Ins received insulin
replacement an initial dose of 3U/animal, which was given daily, subcutaneously. Two-dimensional polyacrylamide
gel electrophoresis (2D PAGE) methods were used for protein fractionation and identification based on analyzing
the images obtained in polyacrylamide gels. Mapping of Cu, Mg, Se and Zn was performed in the protein spots by
Flame and/or Graphite Furnace Atomic Absorption Spectrometry (FAAS, GFAAS).

Results: After the induction of experimental diabetes, it was noted that the DM1 animals had lower final body
weight, symptoms of polyuria and polyphagia and increase the final concentration of glucose compared with the
other experimental groups (p<0.05, C and DM1+Ins). On average, 431, 470 and 410 spots were detected by gel
image analysis and a mean correlation of 87%, 79% and 91% in the gels to C, DM1 and DM1+Ins. We analyzed
165, 168 and 229 spots in the C, DM1 and DM1+Ins, respectively. The qualitative determination of metal ions of
interest indicated to C, DM1 and DM1+Ins that 69 (41.81%), 5 (2.98%), 162 (70.74%) contained Cu; 25 (15.15%),
13 (7.74%), 171 (74.67%) Mg; 13 (7.88%), 141 (83.93%), 110 (48.03%) Se and 20 (12.12%), 19 (11.31%), 125
(54.58%) Zn. After, stoichiometric calculations, the obtained Cu, Mg, Se and Zn and protein masses could be
converted into the number of atoms per protein molecule (considered: the respective molar masses of the protein
spots and Cu, Mg, Se and Zn, the protein mass in the spots and 1 Da = 1.661.10'% g). The protein spots which
showed the presence of Cu, Mg, Se and Zn were characterized by electrospray ionization-tandem mass spectrometry
(ESI MS MS).
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Conclusions: The use of 2D PAGE to study the metalloproteomic liver of rats was effective for protein
fractionation, and repeated the correlations of the gels which indicated that the procedure used was efficient,
preserving the metal-protein structure and thus allowing the mapping and quantification in the protein spots found
by FAAS and/or GFAAS. The next step is to understand how these ions are coordinated to protein, as well as to

clarify the difference in the presence of ions in the same protein in relation to different groups.
Key Words: 2D PAGE, ESI-MS/MS, diabetes, liver, metalloproteomic
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Abstract
Purpose: To report on how residuals of cyclosporine, an extremely toxic immunosuppressant drug, can remain in

the human gut after decades of its consumption and how a cleansing protocol of the colon can remove it.

Experimental description: in our Group we are in the way of implementing a leaning protocol aimed at promoting
a beneficial modulation of the intestinal microbiota, increased physical activity and improved alimentary habits.
The first part of this protocol is a 6-day intestinal cleansing program which includes: supplemented fasting, 1 daily
transanal irrigation and consumption of psyllium (PSY), montmorillonite (MMT), prebiotics and probiotics. This
program allows the collection of human intestinal mucus (HIM) samples in good quantity and quality as necessary
for proteomic studies, a field we have been working on. Proteins from HIM were treated with a denaturalized buffer,
and their separation was achieved by 2D-PAGE. Digested peptides were analyzed with a NanoAcquity UPLC

chromatograph coupled to a HDMS spectrometer equipped with a NanoESI source.

Results: As a casual finding, the protein Chain-crystal-structure-of-human-calcineurin complexed-with-cyclosporin-A-and-
human-cyclophilin was identified in the sample from a 40 years old woman. When asked about consumption of cyclosporine
in the previous days to the cleansing program, this volunteer confirmed that she has taken it under medical prescription, but
when she was only 15 y old, after she was diagnosed with Systemic lupus erythematosus (SLE). She remembered well the
name of the drug, because she lost her hair and her nails at that time, as adverse effects to the drug. Calcineurin (CN) is a
protein phosphatase that activates the nuclear factor of activated T cell cytoplasmic (NFATCc), upregulating the expression
of interleukin 2 (1L-2), which, in turn, stimulates the growth and differentiation of T cell response. Cyclosporine is an inhibitor

of this protein and is commonly used in some autoimmune diseases.

Conclusions: 1. This finding confirm one of the most important functions of HIM as protection against pathobiota,
metabolic waste and xenobiotics; 2. The proteomic study of HIM from an individual can be useful to know part of
his/her clinical history as well as to help in the implementation of customized medicine; 3. Periodic cleansing of the
gut can be advisable for persons that have orally consumed toxics, but probably also for people looking to improve
their general well being. MMT, for instance is used in people diagnosed with or being suspected of intoxication

with aflatoxins, as it can adsorb these toxins and help to remove them from the intestinal tract.
Key words: cyclosporine, human intestinal mucus, transanal irrigation.
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Abstract
Purpose: Despite improvements to on-tissue digestion efficiency, methods to further improve both reliability and
number of proteins identified when using a bottom up proteomic approach remains. Current investigations focus on

improving the yield of tryptic peptides from fresh frozen rat brain tissue and FFPE mouse brain tissue.

Experimental description: Fresh frozen tissue: Following wash steps of ethanol and chloroform, 20ug/mL trypsin
solution containing either OcGlu or MEGA-81 was deposited using the SunCollect sprayer (SunChrom,
Friedrichsdorf, Germany). Samples were incubated for 4 hours at 37°C.

FFPE tissue: Following tissue deparaffinization using xylene and wash steps of ethanol in increasing concentration,
an antigen retrieval step was carried out. 20ug/mL trypsin solution containing either OcGlu or MEGA-8 was

deposited using the SunCollect sprayer. Samples were incubated for overnight at 37°C.

MALDI analysis: a-cyano-4-hydroxycinnamic acid (CHCA) with aniline in acetonitrile:water:TFAaq was spotted
(10mg/mL) onto the digest regions or sprayed using the SunCollect (5mg/mL) and subjected to MALDI-MSP or
MSI (HDMS SYNAPTTM G2 system, Waters Corporation, Manchester) analysis.

Results: The study concluded that the incorporation of a detergent yielded several hundred peptide peaks with S/N
ratio above 3.5 for the digestion of fresh frozen tissue. Most of the peaks were considered to be from the most
abundant proteins in brain; the tentatively identified myelin basic protein (MBP). In fresh frozen tissue, peak
intensities originating from the detergent MEGA-8 are clearly superior to those of OcGlu. Existing methodologies

have been transferred onto the digestion of FFPE tissue to generate a more efficient proteolysis.

Conclusions: In conclusion this study shows that ion population, abundance and protein identification can be further

improved, thus opening up the way to more reliable and efficient biomarker discovery and screening.
Keywords: MALDI, in situ, Proteolysis, Detergents, Fingermarks
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Abstract

Purpose: Bipolar disorder (BD) is characterized as a chronic psychiatric illness, severe and highly debilitating, with
recurrent mood disorders, presenting episodes of mania and depression separated by periods of normal behavior
(Sussulini, et al., 2009;).The cause of bipolar disorder is unknown, although it is known that a variety of
biochemical, genetic, and environmental factors can be involved in the process of developing of the disorder. To
date, there is no biochemical test to confirm the disease, and the diagnosis is still based on experience and clinical
judgment (Jesus, et al., 2015). The main focus of this work was to propose a metalloproteomic strategy for BD,

since this area has been not carried out in the literature.

Experimental description: Metal and metalloid ion involved in this pathology were determined by ICP-MS, using
a dynamic reaction cell (Perkin Elmer, ELAN DRC-e). For metalloproteomic evaluation, a mild procedure for
removal of major abundant protein was applied. For this task, a high performance liquid chromatograph was used

to separate the proteins, using a sequential detection of proteins (UV-Vis) and metal ions (hyphenated LC-ICP-MS).

Results: Considering the elemental determination, the DRC strategy was considered as an efficient method in the
removal of interferences, since satisfactory results in terms of trueness and precision were obtained, using a certified
reference material. Thus, an ionomic profile of each group was possible. After the chromatographic separation of
proteins and metalloproteins, the removal of major abundant proteins is a main challenging step, since for a
metallomic study, the information about tertiary structure must be preserved as intact as possible. The detection of
proteins in UV-Vis and metalloproteins in LC-ICP-MS confirmed that our strategy was reliable for a

metalloprotemic evaluation.

Conclusions: Differential levels of metal and metalloid ions were observed when comparing the three studied
groups, as well as the detection of metalloproteins by LC-ICP-MS. Thus, our method can be considered as reliable

for evaluation of BD disorder.
Key Words:bipolar disorder, metallomic, metalloprotein
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Abstract

Purpose: We are developing a flexible, on-chip labelling strategy to capture, chemically derivatise and analyse
protein digests directly on a gold-coated MALDI chip for MS analysis. We aim to miniaturise and localise the
typical proteomic workflow, by developing a self-assembled monolayer (SAM)-based peptide capture and

manipulation strategy for enhanced peptide detection of low abundance peptides, or for relative quantification.

Experimental description: A SAM consisting of two thiol components (one carboxylic acid terminated, the other
an alcohol-terminated spacer), was formed on the gold surface. The carboxylic acid groups were activated with N-
hydroxysuccinimide (NHS)/1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI) chemistry for reaction with
our chemical tag 4-bromophenylalanine (4-BrPhe) and subsequently a peptide solution. The SAM-peptide construct
was analysed directly, using MALDI-MS. Due to inefficient chemistry of the thiol-based SAM, we explored an
alternative SAM consisting of two disulfide components (one NHS ester terminated (‘pre-activated’), and one
methyl terminated). The NHS esters were reacted with a peptide solution before MALDI-MS analysis. In parallel,
we have developed Boersema’s in-solution dimethyl labelling strategy. A protein tryptic digest was labelled with

either formaldehyde or D,-formaldehyde, before labelled peptides were combined for analysis.

Results: We used the thiol-based SAM gold-immobilisation approach developed by the Flitsch group to capture a
range of peptides, with and without the use of a chemical tag (4-BrPhe). 4-BrPhe allows easy identification of peaks
associated with the tagged peptide due to the distinct bromine-derived isotopic pattern, assisting in identifying
peptide signals in a complex background (e.g. archaeological collagen). We captured standard peptides at levels as
low as 5 nmol on the tagged SAM, and as low as 5 pmol in the absence of 4-BrPhe. However, we also observed
peaks in the spectra obtained after peptide capture associated with unreacted SAM. A range of standard peptides
has been captured on the disulfide-based SAM at 5 nmol and 50 pmol levels. With both SAMs, we have observed
that peptides containing N-terminal phenylalanine do not capture as efficiently at the 50 pmol level as at the higher
level. The reason for this is currently unknown. Since one of our goals is to perform quantitative proteomics, we
have been developing the in-solution dimethyl labelling method of Boersema et al.. Before adapting the method
for use with the gold technology, we set up the in-solution method, essentially as described by Boersema et al.. We
have performed our own in-solution dimethyl labelling validation experiments, before moving on to adapt the
dimethyl labelling method for use with the gold technology, and carried out comparisons of the software used for

data analysis, results of which comparisons will also be presented.

Conclusions: We have shown that peptides can be captured on a SAM for direct MALDI-MS analysis at realistic
analytical levels. We have found that there is a discrepancy between the amounts of peptide that can be captured

when phenylalanine is at the N-terminus, which may be due to the bulky side chain of the phenylalanine residue.
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We are currently looking at combining the SAM-based technology with the in-solution dimethyl labelling approach,
with the aim of being able to capture a protein digest on the SAM for MALDI-MS analysis.
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Acknowledgements: The Department of Chemistry, University of York; The York Centre of Excellence in Mass
Spectrometry was created thanks to a major capital investment through Science City York, supported by Yorkshire
Forward, with funds from the Northern Way Initiative.

Correspondence: hkr501@york.ac.uk. H. Robinson, Chemistry Department, University of York, Heslington, York.
Y010 5DD.

48



ICAP 2015 - Proceedings

$10-Comparative study of RP-HPLC chromatograms, SDS- page
electrophoretic protein patterns and toxicity of two scorpion venoms
(Hottentotta zagrosensis and Hottentotta saulcyi) besides morphological

characteristics

Hamid Reza Goudarzi?, Sh. Navidpour 2, M. Abdigoudarzi®, H. Rabie?, M. Samianifard*

ICentral Laboratory, Biotechnology Department, RVSRI*, Karaj, Iran
2\/enomous animals and antivenom production. RVSRI, Karaj, Iran
National reference laboratory for tick study, RVSRI, Karaj, Iran

4Proteomics Laboratory, Biotechnology Department, RVSRI, Karaj, Iran

Abstract:

Envenomation due to scorpion sting is an important problem in affected areas of Iran. Official reports from
health organization have approximately shown 40000 annually refer of scorpion sting victims to hospital and other
clinical centers. Most common therapeutic protocol for envenomation includes specific antivenom. Equine
polyvalent antivenom against six scorpion species is produces by Razi vaccine and serum research Institute
including Hottentotta zagrosensis and Hottentotta saulcyi. Modification of antigen mass (crude venom of six
scorpions) will reduce costs of production and probably reduces undesired response (serum sickness and
anaphylactic shock) of victims to antivenom.

The main aim of this study was determining the rate of similarity in partially proteomics and functional aspects

between crude venom of H. zagrosensis and H. schach.

Required venom of scorpions (Hottentotta zagrosensis and Hottentotta saulcyi) prepared in venomous animal
department of Razi institute. Fractionation of venom was performed using RP-HPLC Amersham-Bioscience
apparatus and column C18, 5 um, 4.6 x 250 mm, Agilent. The flow rate was 1 ml/min and absorbance was monitored
at 215 nm. The solvents used were 0.05% trifluoroacetic acid (TFA) in water (A) and 0.5% TFA in acetonitrile (B).
The electrophoresis analysis in condition; 17% separating gel and Silver stain by Bio-Rad apparatus was done.
Toxicity test of crude venoms and fractions performed on mice (balb-c, 20 g weight, IV injection), the responses

calculated by Sperman & Karber Method.

Surprisingly, despite of some morphological difference between these two species, high similarity of RP-HPLC
chromatogram and SDS-Page electrophoreteic protein patterns as well as LD 50 of crude venom and number of
toxic fractions was seen. LD50 of crude venoms of H. zagrosensis and H. saulcyi were 80 and 78 pg/mice
respectively. Supplementary investigations such as 2D gel electrophoresis and Mass spectrometry analysis is going
to be employed in future. The results of our study besides immunological investigations may help us to make

decision about modification of hyperimmunization step in procedure of antivenom production.
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Abstract

Purpose: There is renewed interest in antibiotic research due to the spread of resistant bacterial strains. For
investigation of the bacterial response to antibiotics, proteomic approaches are useful tools. The proteome
specifically adapts in response to changing environmental conditions like e.g. antibiotic stress. We established a
proteome response library with proteomic profiles of over 50 different antibiotics [Bandow et al., 2003]. This library
is useful to identify mechanisms of action of novel antibiotics by comparison with proteomic profiles of known
antibiotics. To expand the library, we analyzed the bacterial response of B. subtilis to trimethoprim in order to
establish a proteomic profile for folate biosynthesis inhibition. Trimethoprim competitively inhibits the last step in

folate biosynthesis needed for formation of the active co-factor tetrahydrofolate.

Experimental description: For proteome analysis of trimethoprim, B. subtilis were stressed for 15 min and newly
synthesized proteins were radioactively labeled with L-[**S]methionine. After separation of proteins by 2D-PAGE,
proteome profiles were analyzed with Delta2D (Decodon) and induced proteins were identified by mass
spectrometry. To investigate the cellular proteome after 60 min of trimethoprim stress, total cytosolic proteins were
digested with trypsin and proteins were quantified using a gel-free mass spectrometry approach. To follow-up on
the activation of the oB-dependent general stress response, B. subtilis mutants with defects in the activation cascade

were stressed with trimethoprim and analyzed by immunoblotting.

Results: Analyses of the proteomic response of B. subtilis after both 15 and 60 min of trimethoprim stress show an
induction of proteins belonging to the oB-dependent general stress response, and to purine and histidine biosynthesis
pathways. The oB-dependent general stress response can be activated by two different ways: energy limitation (e.g.
glucose limitation) or physiological stress (e.g. ethanol) [Gaidenko et al., 1999; Vijay et al., 2000]. Trimethoprim

leads to an activation of the B-dependent general stress response by energy limitation.

Conclusions: The de novo purine biosynthesis has two reaction steps requiring tetrahydrofolate as a co-factor. The
products of this pathway are high-energy nucleotides, ATP and GTP. Depletion of these nucleotides causes
upregulation of purine biosynthesis. A side product of histidine biosynthesis can serve as intermediate of purine
biosynthesis, thus upregulation of histidine biosynthesis could further increase purine biosynthesis. It is most likely
the low levels of ATP and GTP that signal energy limitation, activating the oB-dependent general stress response.
Overall, the proteomic profile of trimethoprim-treated B. subtilis indicates the compensation of indirect inhibition

of purine biosynthesis by trimethoprim.
Key Words: proteome, Bacillus subtilis, trimethoprim, ¢®
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Abstract
Purpose: The study aims to identity by hanoLC-MS/MS the protein biomarkers in urinary proteomes of patients
with prostate cancer, and to determine using STRING v.9.1 database the functional association networks of the

urinary proteomes of the prostate cancer, BPH and normal controls.

Experimental description: Urinary proteins were separated by gradient SDS-PAGE, trypsinized, analyzed by LC-
MS/MS (LTQ Orbitrap-CID) and processed by Protein Prospector searched against SwissProt human database. The
functional association network of the urinary proteomes of prostate cancer, BPH and normal controls were analyzed
by STRING v9.1 database.

Results: Three distinct proteins, transthyretin (TTR), hemoglobin alpha (HBAL) and hemoglobin beta (HBB) were
identified in urinary proteomes of prostate cancer. These proteins are associated to high Gleason Scores and TNM
staging. The presence of two more other proteins, uromodulin and mannan binding lectin protease 2 in the urinary
proteomes of prostate cancer distinguish them from BPH. STRING database analysis with the aid of k-means
clustering algorithm showed the presence of 6 functional domains in the association networks of both the normal
and BPH states, while 12 functional domains were identified in prostate cancer. Hub proteins in their association
networks were identified. With the aid of functional networks, the conversion of the normal state to BPH was
elucidated, its conversion to prostate cancer was similarly elucidated. The functional modules in prostate cancer in
contrast to normal and BPH networks were provided with a hub of tightly and multiply connected proteins which
are mostly found at the center of the network, whereas the periphery of the network was scattered with loosely
connected proteins. Within this hub, the delineation of the networks from normal to BPH, and normal to prostate

cancer was established.

Conclusions: The study was able to establish the use of urine an as alternative source of protein biomarkers in
prostate cancer. Tightly and multiply connected proteins and functional modules in prostate cancer imply that
several processes were taking place simultaneously, wherein each module performs specific functions in constant
association with other modules. The increased edge and node in cancer state implies the enhancement of molecular

interactions at proteomic level.

Key Words: protein biomarkers, prostate cancer, urinary proteomes, transthyretin, hemoglobin alpha, hemoglobin

beta, functional association network, functional domains, hub proteins
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Abstract
PURPOSE

Current forensic techniques of blood provenance determination are based on immunogenic tests, which are not
sufficiently specific and prone to false positives. . In order to confidently determine whether a crime scene sample
is of human origin, an in situ proteomic approach has been devised to detect blood specific signatures enabling

species discrimination.
EXPERIMENTAL DESCRIPTION

Tryptic digestion: Horse, cow and pig blood was spread on aluminium slides and spotted with 20pug/ml trypsin

solution (in S0mM Ammonium Bicarbonate at pH 8) including the detergent Rapigest™ SF. Samples were

incubated for 1 hour at 37°C and 5% CO..

MALDI analysis: a-cyano-4-hydroxycinnamic acid (CHCA) in acetonitrile: TFA4q (10mg/ml) was spotted onto the
digest regions and samples were subjected to MALDI MSP (Bruker Autoflex I11,Bruker Daltonics, Germany).

RESULTS

Putative peptide identifications were made for signals potentially originating from multiple proteins, including not
only the most abundant blood proteins like albumin and haemoglobin, but also several others (e.g. haptoglobin and
alpha-1-anti-trypsin). The number of possible identifications exceeded 51 and it was possible to putatively identify

species specific signals of multiple species in a mixed sample.
CONCLUSIONS

Successful analysis of in situ blood samples without requirement for prior extraction was possible, thus also enabling

future work on bloody fingermarks.

KEYWORDS

MALDI, in situ, proteolysis, forensics, blood, blood provenance
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Abstract
Purpose: Comparative proteomic analyses have revealed that oH & colour
numerous proteins are related to meat sensory qualities. They
DJ-1 P —— -

i i i . i Oxidative 77 =y Glycolytic | LDHB
belong to myriad biological pathways: metabolism, structure, pggé:s Airess (21235,. matabolism | ENO3
heat stress, oxidative stress, apoptosis, proteolysis and
others®. These relationships suggest that these proteins may | structure | | Proteolysis |

© MyLC-1F © pcapain

play key roles in the mechanisms underlying meat qualities. MyBP-H
Therefore, they can be used, not only as biomarkers for meat and carcasses quality, but also to unravel these
mechanisms. In this study, the central role of Grp75 (HSPA9), a member of the Hsp70 family, in the biological

mechanisms involved in the conversion of muscle to meat is described.

Experimental description: Longissimus thoracis (LT, fast oxydo-glycolytic) muscles of 21 French Blonde
d’Aquitaine young bulls were used in this study?. pH parameters at 45 min, 3h and 30h p.m. and CIE-L*a*b* colour
traits after 24h p.m. were determined. Protein biomarkers according to Picard et al* were quantified using Dot-Blot
on muscles sampled 30 min after slaughter. Relationships between colour and pH traits and the biomarkers were

determined by means of regression and Pearson correlation analyses using SAS 9.2 software.

Results: Grp75 protein was related to pH and colour parameters. It was also related to numerous biological
pathways, likely glycolytic metabolism (Enolase, r = 0.63, P < 0.01 and LDHB, r = 0.42, P < 0.05), proteolysis (p-
calpain, a Ca®* dependent protease, r = 0.54, P <0.05), structure maintenance (MyLC1-F, r = 0.52, P < 0.05 and
MyBP-H, r = 0.63, P < 0.01) and oxidative stress (Prdx6, SOD1 and DJ-1, r = 0.61-0.63, P < 0.01). Grp75 was
earlier described as a multifunctional protein. It is a cytoprotective chaperone present in nearly all cellular
compartments and assists in the import and folding of mitochondrial proteins and protects cells from glucose
deprivation. It is a member of the Hsp70 protein family, and not induced by heat stress but by glucose deprivation,
Ca?* influx or agents perturbing glycolysis. At slaughter, after bleeding of the animal, lack of oxygen and nutriments
will lead to accumulation of ROS in the mitochondria, the end of ATP production, acidification of the cytoplasm
and a deregulation of Ca?*in the muscle cells which may set off apoptosis®. In the present study, Grp75 content soon
after slaughter was related to the glycolysis pathway and pH, suggesting that it plays a central role in the conversion
of muscle to meat, and consequently, meat sensory qualities. In addition, Grp75 was also reported to link the inositol
1,4,5-trisphosphate receptor (IP3R) to voltage-dependent anion channel (VDAC), presumably enhancing Ca?*

trafficking from endoplasmic reticulum (ER) towards mitochondria and cytosol. Possibly, increased Ca?* levels in
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the cytoplasm activate p-calpain and/or regulate apoptosis. Our results indicate that Grp75 may play a central role

in changes in the structural proteins in the muscle cell, and consequently in meat colour development.

Conclusions: This example illustrates the important role of analytical proteomics in improving knowledge on the

determinism of meat sensory qualities.
Key Words: Beef meat; Colour; pH; Biomarkers; Validation; Prediction; Biological mechanisms.
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Abstract
Purpose: To report the identification of some proteins isolated from samples of human intestinal mucus (HIM) with

possible clinical interest.

Experimental description: HIM was collected from six volunteers admitted to a leaning program which included
a colon cleansing protocol and a rectosigmoidoscopy. Protein extraction was achieved by a denaturalization buffer,
separation was performed by gel electrophoresis both with SDS-PAGE and 2D-PAGE. Protein shotgun was done
with solution desalinization by SPE and albumin depletion. Digested peptides were analysed using a NanoAcquity
UPLC cromatograph coupled to a HDSM espectrometer, equiped with a NanoESI source. Samples were injected to

a Cyg precolumn with a flow of 5 uL/min

Water/acetonitrile (97:3) with 0,1% formica cid and then transfered to an analytical column C1g and eluted with a

flow of 1 uL/min.

Partial results: 1. A methodology for the analysis of HIM from a single person is reported, from the preparation of
the patients for the collection of the sample, till protein characterization of the mucus. This is done using mass
spectrometry, using three different techniques: SDS-PAGE, 2D-PAGE y shotgun; 2. 14 proteins of clinical interest
have been identified so far: Annexin A2, Calcium-activated chloride channel regulator, Chain crystal structure of
human calcineurin complexed with cyclosporin A and human cyclophilin, Complement C3, Disulfide isomerase,
Galectin-3 y 4, Inmunoglobulin programmed cell death 1 ligand, LAMTOR3, Muc2, Nuclear Protein 8, RuvB like

2, Tyrosine Protein phosphatase non receptor type 11 and Zymogen granule membrane protein 16.

Conclusion: The proteomic study of HIM can be a very useful tool for the study of different diseases, not only of

those directly related to the digestive system, bus also many associated with the immune system.
Key words: electrophoresis, human intestinal mucus, shotgun proteomics.
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Abstract

Purpose: The present study evaluates the proteomic map of transgenic (T) and non-transgenic (NT) soybean leaves
after plant cultivation with silver nanoparticles (AgNPs) or silver nitrate (AgNO3), at 50 mg kg silver
concentration.

Experimental description: The T and NT soybean plants were cultivated for 21 days in a growth chamber with
controlled photoperiod (12 h) and temperature (27 + 1 °C). For treated plants, AgNO3 and AgNP solutions were
added, resulting, in the end of the cultivation period, a 50 mg kg of silver. The proteins were extracted from leaves
with phenol, separated by two-dimensional difference gel electrophoresis (2-D DIGE) to evaluate possible changes
in the proteomic map. The differential protein abundances were evaluated by a DeCyder® program, considering a
threshold of 2.0 fold (100% variation).

Results: The protein content for control T soybeans leaves was higher than NT soybean leaves (ca. 18%). For NT
plants exposed to AgNO; (NT-AgNOs) and AgNP (NT-AgNP), the NT-AgNO; showed an increase of ca. 35% in
terms of protein concentration in their leaves. No significant alterations in protein content for NT-AgNP in
comparison with the control were observed. However, for T plants treated with AgNO3 (T-AgNOs) and AgNP (T-
AgNP), the protein concentration in T soybean leaves was changed in both cases. A decrease of ca. 6% in T-AgNO3
compared with control plants was observed, whereas for T-AgNP an increase in the protein content (ca. 28%) was
observed. Regarding the evaluation of differential abundant proteins, 19 and 11 protein spots are found for NT vs
NT-AgNOs and NT vs NT-AgNP, respectively, and 22 protein spots are differential for NT-AgNOs vs NT-AgNP
group. Considering T vs T-AgNO3 and T vs T-AgNP groups, 8 and 12 protein spots are differential abundant,
respectively, while for T-AgNOs vs T-AgNP group, 9 protein spots are found. These results corroborates with those
of protein concentration, suggesting that changes in the proteomic map were dependent on the genetic modification,

as well as the form in which silver is added in the cultivation (AgNP or AgNO:s).

Conclusions: According to the results, the treatment with AgNO3 and AgNP changes the proteomic map for both
T and NT soybean leaves, once that protein spots with different abundances were found. Further experiments will
be carried out for identification of these differential proteins by LC-MS/MS.

Key Words: transgenic soybeans; silver nanoparticles; proteomics; 2-D DIGE.
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Abstract

Purpose: Method development is the establishment of analytical method that will be applicable and copacetic for
the target analysis. It is one of the critical determinants to ensure the successful of the experiment being carried out.
The aim of this study is to develop a suitable 2D-PAGE method that could help in the proteomics analysis of
Malaysian upland rice. Although 2D-PAGE for rice proteomics has been established for more than a decade ago,
none has been reported for Malaysian upland rice and it is acknowledged no universal protocol ever exists as each
plant behaves differently.

Experimental description: In this study, a cultivar of Malaysian upland rice named Wai with age ranging from 4-
16 weeks were extracted by using modified TCA/Acetone based method. The isoelectric focusing (IEF) was
performed using 18cm immobiline pH gradient strip, pH range 4-7 with the protocol: 1 h at 100 V (linear), 2h at
500 V (gradient), 12h at 8000 V (gradient), 2h at 8000 V (linear) and 10h at 100 V (slow). The strip was loaded on
12% acrylamide gel for the second phase and electrophoresis was carried out at 100 V for 16 hours and stained with

comassie brilliant blue red 250. The protein spot was analyzed using PDQuest software version 8.0.

Results: The suitability of the method developed is determined based on the resolution of the protein spot on the
gel and its pattern. The result shows that it is feasible to visualize numbers of protein spot with good intensity for
all age range (4-16 weeks) of Wai cultivar which indicates the suitable method for 2D-PAGE analysis of Malaysian

upland rice is developed.

Conclusions: This study accommodates new insights for upland rice protein separation, serving as platform that
boosts the relevance and importance of the developed 2D-PAGE for further Malaysian upland rice proteomics

analysis.
Key Words: Development, Proteomics, Upland Rice, 2D-PAGE
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Abstract
Purpose: Study on the effect of the B-lactam antibiotic imipenem and the diffusible signal factor (DSF) quorum
sensing system on the secretion of outer membrane vesicles (OMVs) and OMV protein cargo in Stenotrophomonas

maltophilia

Experimental description: Isolated OMVs were quantified with light scattering based single particle tracking
(SPT) and visualized with transmission electron microscopy (TEM). The OMV proteome was determined with a
data-independent 2D-UPLC-MSe workflow, and a subset of proteins was quantified with multiple reaction
monitoring (MRM).

Results: Quantitative proteomics on imipenem-exposed S. maltophilia cells showed an increased abundance of two
Ax21 homologues. Ax21 is an outer membrane B-barrel protein and was proven to be an important OMV-associated
virulence factor. OMV quantification and visualization also showed a significant imipenem-driven increase in OMV
secretion. Proteomic analysis on the OMV cargo indeed confirmed the presence of both Ax21 homologues, next to
many other Omp family proteins, autotransporters, lipoproteins, and periplasmic proteins like the L1- and L2-B-
lactamase. Studies in the plant pathogen Xylella fastidiosa indicated a role for the DSF quorum sensing system in
regulating OMV secretion. Therefore OMVs were again quantified after exposure to the DSF compounds cis-A2-
11-methyl-dodecenoic acid from S. maltophilia (DSF), cis-A2-dodecenoic acid from Burkholderia cenocepacia
(BDSF), and cis-A2-decenoic acid from Pseudomonas aeruginosa (PDSF). DSF led to a comparable increase in
OMV secretion as for imipenem, while BDSF led to a slight increase and PDSF had no effect. Finally, a quantitative
targeted proteomics experiment was performed to study the effect of imipenem, DSF, BDSF and PDSF on the
OMV-associated secretion of both Ax21 homologues. Imipenem, DSF and BDSF all led to a significant increase in

OMV-associated Ax21, but both homologues seem to be differentially regulated under these different conditions.

Conclusions: S. maltophilia expresses two OMV-associated Ax21 homologues, important for biofilm formation
and virulence. The secretion of OMVs and associated Ax21 proteins is stimulated by imipenem, and appears to be

controlled by the DSF quorum sensing system.
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Abstract

Purpose: For wheat, end-use value of grains is determined by complex molecular interactions that occur during
grain development and whose many of them are located in the nucleus. However, a temporal analysis of the nuclear
proteome of developing seeds/grains is still lacking. Here, we analysed the nuclear proteome of developing wheat

grains collected during the cellularization, effective grain-filling and maturation phases of development.

Experimental description: Wheat grains were collected during the cellularization, grain-filling and maturation
phases of development. Nuclei were extracted and purified onto a Percoll density gradient. Nuclear proteins were
then extracted using TRI Reagent® and separated onto two-dimensional gel electrophoresis. Images of two-
dimensional gels stained with CBB were analysed using SameSpots v4.5 (Nonlinear Dynamics) 2D gel image
analysis software and Nano liquid chromatography-tandem mass spectrometry was applied to several proteins spots

to identify nuclear proteins.

Results: The gel images analysis revealed 391 and 299 reproducible spots in the 4-7 and 6-11 isoelectric gradients,
respectively. The relative abundance of 464 (67%) protein spots changed during grain development. They clustered
in six groups associated with the major phases and transition between phases of grain development. Nano liquid
chromatography-tandem mass spectrometry applied to 387 of variant and non variant protein spots led to the
identification of 114 different proteins, classified into 16 functional classes. We highlighted that some proteins
involved in the regulation of transcription (e.g. HMG1/2-like protein and histone deacetylase HDAC?2) were most
abundant before the transition between the cellularization and grain-filling phases, suggesting that major
transcriptional changes occur during this transition. The maturation period was characterized by high relative

abundance of proteins involved in ribosome biogenesis.

Conclusions: Among proteins that showed changes in abundance during grain development, some may correspond
to developmental regulators, and deserve to be the object of further studies. The dynamics of the nuclear proteome
of wheat grain seems to be divided into two periods. The first phase would correspond to the division/differentiation
to the early effective grain-filling phase, during which it appears to occur a change in the transcription regulation.
The second phase would correspond to the end of the effective grain-filling phase and the early maturation phase,
at which time there appears to be an activation of the ribosome synthesis and an increase in proteins inhibiting

protease action.

Key Words: Wheat, developing grain, nuclear proteins, 2D gel electrophoresis, LC-MS/MS
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Abstract

Purpose: Nasu-Hakola disease (NHD), also known as Polycystic Lipomembranous Osteodysplasia with Sclerosing
Leukoencephalopathy (PLOSL), is a recessively inherited systemic disorder characterized by a combination of
pre- senile progressive dementia and systemic lytic bone lesions at the level of ankles and wrists. To date, the
descriptionsof molecular or proteomic studies about this disorder are absent or scarce, and only case reports
based on neuropsychological and genetic tests have been reported in the literature. Being the molecular analysis
mandatory for obtaining insights into this disorder, aim of the present study was the development of an optimal

proteomic approach to characterize the Lymphoblastoid proteome of a Italian family affected by PLOSL.

Experimental description: The project was focused on the proteomic analysis of Lymphoblastoid cells obtained
from 8 subjects belonging to three generations of a family from northern Italy (three categories: 2 diseased, 4

healthy carriers and 2 healthy). These subjects represent more than 50% of the total Italian cases diagnosed so far.

Through an ordinary blood centrifugation, cells were recovered from plasma samples and lysed. To get the total
protein extract from Lymphoblastoid cells, samples were treated with a MS compatible detergent and the
supernatant was digested with a proteolytic enzyme. Gel-free proteomic approach, based on MudPIT
(Multidimensional Protein Identification Technology), was applied for the analysis of the whole lymphoblastic
proteome. MudPIT involves the generation of peptides through the enzymatic digestion of complex protein
mixtures and their separation by means of 2DC-MS/MS. The identification of peptide sequences and their
corresponding proteins was obtained through an automated protein discovery software, such as Bioworks, based
on SEQUEST algorithm for data handling of mass spectra. An important goal was the identification of
differentially expressed proteins in physiological and/or pathological states of NHD subjects. Protein lists were
elaborated by specific softwares (such as MAProMa, Multidimensional Algorithm Protein Map) able to compare
different conditions (healthy and diseased) and to evaluate the up- and down-represented proteins into the different
subjects. Protein interactions were evaluated by plotting the identified proteins on a global network by means of

Cytoscape software.

Results: Application of gel-free proteomic analysis on NHD subjects allowed to identify about 3000 distinct

proteins within the three categories and about 400 proteins were identified as peculiar of each group.
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Our results showed the presence of differentially expressed proteins associated to the onset of other
neurodegenerative processes. Moreover, the protein networks have highlighted some molecular pathways that

seem to be interesting to explain this rare disorder.

Conclusions: Given the absence of reports dealing with the application of fully automated technology to identify
protein expression profiles of NHD patients, the MudPIT proteomic approach represents a significant
improvement in the study of this disease. This approach allowed to generate, for the first time, the whole protein
profile of Lymphoblastoid cells from Nasu-Hakola subjects and to characterize the metabolic pathways involved in

functional alterations of this pathology.

Key Words: Nasu-Hakola, Proteomic, Lymphoblastoid cells, LC-MS/MS, MudPIT, SEQUEST, MAProMa,
Cytoscape.

Acknowledgements: This work was supported by “Fondazione Laura Fossati” ONLUS

Correspondence: Institute for Biomedical Technologies, Proteomics and Metabolomics Unit - CNR, Via Fratelli

Cervi, 93 — 20090 Segrate (Milan), Italy. E-mail: annamaria.agresta@itb.cnr.it

65



ICAP 2015 - Proceedings

Oral Presentations

66



ICAP 2015 - Proceedings

O1A-Arole for the LUBAC in antigen receptor-mediated NF-xB activation and
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Abstract

Purpose: The transcription factor NF-«B is instrumental for orchestrating cellular development and homeostasis in
the immune system as well as for the propagation of certain lymphoma cells. Antigen receptor engagement
assembles a multi-protein complex, which contains the scaffold CARMAL, together with the adaptors BCL10 and
MALTL, and the kinase CK1la (CBM). Within the CBM, reversible K63-linked ubiquitylation of BCL10 and
MALT1 marshals the recruitment and the activation of the inhibitor of NF-xB kinase complex (IKK). IKK then
phosphorylates its cognate inhibitors (IkBs) to mark them for proteasomal degradation, and thus allows NF-«B to
shuttle in the nucleus and initiate transcription. This >1,500 kDa signalosome is pirated in the activated B-cell like
subgroup of diffuse large B cell lymphoma (ABC DLBCL) to establish aberrant NF-xB activation, thereby

promoting cell survival and propagation.

Experimental description: To uncover new regulators of NF-kB, we performed an unbiaised proteomic screen of

CKla partners in Jurkat T lymphoblastoid cells stimulated through their T-cell receptor (TCR).

Results: This led to the identification of the linear ubiquitin chain assembly complex (LUBAC), which comprises
two E3 ligases HOIL-1 and HOIP, and SHARPIN. Although the LUBAC participates to innate immunity- and
genotoxic stress-mediated NF-kB activation, its involvement in adaptive immunity remains ill-defined. We now
report that the LUBAC dynamically integrate the CBM following TCR ligation. siRNA-based silencing of HOIP
and SHARPIN, and not of HOIL-1 significantly reduced TCR-mediated NF-xB activation, likely because the
interaction between the CBM and IKK complexes was disrupted. In contrast to stimulation with TNFa, no linear
chains were generated upon TCR engagement, suggesting that the LUBAC rather operates as a scaffold. The
LUBAC is also part of preassembled CBM complex in ABC DLBCL cell lines. Silencing the LUBAC reduced NF-

B activation and was toxic in these cells.

Conclusions: Thus, our findings reveal a role for the LUBAC during lymphocyte activation and in B cell

malignancy.

Key Words: NF-«kB, ubiquitylation, lymphocytes, lymphoma.
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Abstract
Schizophrenia (SCZ) is a chronic, severe and disabling psychiatric disorder that may affect up to 1% of population
worldwide. The prevailing hypothesis for SCZ’s etiology is that disturbances in different levels of multiple risk
genes, each one contributing a subtle effect, interact with environmental stimuli impacting brain development and
function.

SCZ has its clinical onset in late adolescence or early adulthood, presenting as a variety of both positive (delusions,
auditory or visual hallucinations, and thought disorganization) and negative (impaired motivation, decreased
emotional expression and social isolation) symptoms. Some of these symptoms are associated at molecular level to
the dysfunction of NMDA glutamate receptors and they have supported the glutamate hypothesis of SCZ. Several
studies using NMDAr antagonists such as MK-801 have reported SCZ-like symptoms in animal models. Moreover,
several methodologies, such as those employed by imaging, transcriptomics and proteomics as well as animal
models have been used in order to understand the molecular basis of SCZ and pointing out potential proteins
biomarkers. These studies have associated the development and establishment of this mental disorder to

oligodendrocyte dysfunction.

In face of the potential role of oligodendrocytes and the impaired glutamatergic transmission in SCZ, our
investigation has two main goals: 1) Employ mass spectrometry-based shotgun proteomics to investigate the effects
of overexpression and knock-down of potential SCZ biomarkers in oligodendrocytes. Obtained data will be
compared to previous findings obtained in postmortem tissues from patients in order to observe whether this
modulation is able to generate disturbances similar to those observed in SCZ; 2) investigate the acute effects of MK-
801 on cultured oligodendrocytes and how the antipsychotics, like clozapine, haloperidol and others, may interfere
on MK-801 effects. Our recent findings in cultured oligodendrocytes (M03.13 cells), MK-801 and clozapine
treatments led to the differential expression of 68 and 122 proteins respectively. The co-treatment MK801/clozapine
affected the expression of 45 proteins. Overall, the differentially expressed proteins were related to “cell
communication & signalling”, “energy metabolism”, “cell growth & maintenance”, “protein metabolism” and

“regulation of nucleic acid metabolism”. Differentially expressed proteins were subject to analysis using

bioinformatic tools to further examine the underlying relationship among the altered expression of proteins.

Treating cell cultures with neural transmission agonists and antagonists along with antipsychotics may provide

insights about biochemical mechanisms and novel treatment targets for schizophrenia.
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Abstract

Purpose: The coffee leaf rust (Hemileia vastatrix) disease causes serious losses in coffee production and quality,
and if no chemical control measures are taken huge depreciation of marketing values will occur. For a sustainable
coffee production there are increasing societal expectations to reduce pesticide treatments and make use of
alternative strategies of plant protection, such as the application of resistance inducers. Using a comparative
proteomic analysis of Coffea arabica leaves we aimed to understand the cellular mechanisms that are behind the
disease control capacity of the resistance inducers Greenforce CuCa or Bion®, when applied prior to infection with
H. vastatrix. These resistance inducers have shown efficiency in the control of the disease when compared to a
standard fungicide?

Experimental description: Leaves of Coffea arabica cv. Mundo Novo were sprayed with GreenForce CuCa
(formulation based on coffee berry husk supplemented with cooper and calcium, developed in UFLA, Brazil) and
Bion® (acibenzolar-S-methyl-ASM). Three days after treatment, leaves were sprayed with H. vastratrix
urediniospores. Leaves treated with water or inoculated (without any previous treatment) were used as controls.
Samples were collected at 3, 5 and 7 days after treatments, corresponding respectively to 0, 2 and 4 days after
inoculation. Protein extracts were obtained by precipitation with trichloroacetic acid in acetone following
purification with the 2D clean-up kit (GE Healthcare). After separation of proteins by 2-DE and staining with
Colloidal Coomassie blue, the most abundant and visible polypeptides spots were removed from the gel and their
identification was accomplished by mass spectrometry (MALDI/TOF/TOF MS) followed by homology search in
ESTs coffee databases.

Results: We were able to identify a total of 204 leaf proteins which were mainly involved in photosynthesis, protein
metabolism, biotic and abiotic stresses, redox reactions, glycolysis and secondary metabolism; of those proteins 65

changed in abundance between treated and/or infected leave samples. GreenForce CuCa affected mainly
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photosynthetic proteins, while Bion® treatment, affected mainly energy metabolism and stress. The protein profile
of leaves treated with Bion® resembles more the profile of the healthy control than of the GreenForce CuCa

treatment.

Conclusions: The results showed that the resistance inducers affected mainly proteins of the primary metabolism;
this metabolic adjustment has contributed to an increased in the resistance of the coffee plant to the pathogen.

IMonteiro et al. 2013. In: VIII Simpdsio de Pesquisas dos Cafés do Brasil, Salvador, Bhaia, Brazil.
Keywords: Coffee Leaf Rust, Leaf proteome, 2-DE, MALDI-TOF/TOF-MS, GreenForce CuCa, Bion®
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Abstract

Alzheimer’s disease (AD) is the most common cause of dementia in developed countries, aging being the main risk
factor. Despite numerous strategies are currently developed, up to now no biological diagnostic markers are
available for clinical trials. The search of new diagnostic, prognostic and therapeutic targets becomes indispensible
for both accuracy of diagnosis and to discriminate among other neurological disorders as well as for the
improvement of current therapy. To reach this objective, proteomics offer a wide range of possibilities to identify
new candidates. We have developed several proteomic methods to study the most insoluble material of protein
aggregates and optimized a protocol to perform two dimensional fluorescence difference gel electrophoresis (2D-
DIGE) for human and mice brain samples. Using the latter method we can separate the cyanine-labeled proteins and
identify protein markers related to neurodegenerative process of AD. We will provide an overview of biological
markers identified from insoluble protein aggregates and markers related specifically to the neurofibrillary
degenerative process of AD. Those markers were also analyzed by immunohistochemistry in order to ascertain their
co-localization with typical hallmarks of AD. Our data point out the fact that 2D-DIGE allows to observe protein
expression changes but additional investigations validation are mandatory since many of the variations were due to
post-translational modifications and less to protein expression changes. Although two-dimensional gel
electrophoresis is rather considered as low sensitive proteomics approach, we will provide example of the accuracy

of this method to provide valuable information on aggregate proteins and novel biological markers of AD.
Key Words: Alzheimer’s disease, Tauopathies, Biological markers, Diagnostics
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Abstract

MAPPIT (Mammalian Protein-Protein Interaction Trap) is a cytokine receptor-based two-hybrid method that
operates in intact mammalian cells (www.mappit.be, 1). This MAPPIT approach was developed into a technology
suite for mapping protein-protein and protein-small molecule interactions and for high-throughput screening of
inhibitors of protein-protein interactions (reviewed in 2). Over the past years, MAPPIT was applied as a validation

tool for large-scale protein interactome mapping of yeast (3), C. elegans (4) and man (5).

We are expanding the MAPPIT platform for large-scale interactomics and high-throughput (HT) drug screening in
intact human cells. In its current setup, a collection of 15.000 human ORF preys can be interrogated against a
selected bait using a highly-automated reverse cell assay. We now implement a high density cell spot microarray
approach which is expected to significantly further downscale the screening format. An update on the use of
MAPPIT for HT screening will be presented.

With KISS (Kinase-Substrate Sensor), an alternative strategy was recently devised that accommodates analysis of
full-size transmembrane and nuclear proteins, but uses the same read-out as the MAPPIT system (6). We expect
that a combination of both methods will allow HT drug screening and profiling in intact human cells for a wide

range of protein interaction targets.

1) Eyckerman et al., Nat Cell Biol 3, 1114-1119 (2001)

2 Lievens et al., Cytokine Growth Factor Rev 22, 321-329 (2011)
3) Yu et al., Science 322, 104-110 (2008)

4 Simonis et al., Nat Meth 6, 47-53 (2009)

(5) Rolland et al., Cell 159, 1212-1226 (2014)

(6) Lievens et al., Mol Cell proteomics 13, 3332-3342 (2014)
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Abstract
Purpose: Structural analysis of protein-protein interaction and multi-subunit complex formation is a challenging
task by using traditional X-ray crystallography. Therefore, chemical cross-linking coupled with mass spectrometry

(CX-MS) has been developed as an alternative method to solve this obstacle.

Experimental description: Through covalent linkage of two spatially proximate residues within a single or
between two polypeptide chains, the CX-MS approach provides structural insights into the flexible regions of
proteins under any circumstances amenable to analysis. Conventionally, mapping of the protein-protein interaction
sites relies on the coupling of lysine residues on the surface. Together with the distance restraint of the selected

cross-linker, the segments of interaction surface can be determined.

Results: Employing this method, we have mapped the contact interface of many protein complexes. Our recent
finding of the solution structure indicated the formation of an active-state complex between p38y MAP kinase and
the cytosolic tyrosine phosphatase PTPN3. The CX-MS approach further demonstrated that the PDZ domain of
PTPN3 interacts with the PDZ-binding motif of p38y, thus stabilizing the active-state complex of PTPN3-p38y.

Conclusions: By combining the precise analysis of mass spectrometry, the CX-MS method generates considerable
insights into the structural basis for protein complex assemblies.

Key Words: cross-linking coupled with mass spectrometry (CX-MS), protein complex structure, phosphatase,

kinase, PTPN3-p38y interaction
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Abstract

Protein quantification by targeted proteomics relies on mass spectrometry and isotope-labeled internal
standards. In addition to traditional standards comprised of either recombinant proteins or synthetic peptides,
artificial proteins composed of concatenated peptides (QconCATS) have been introduced as a conceptually new
material for use as an internal standard. The design, expression, characterization, and some application of
QconCATSs have been thoroughly described in the set of original papers from Beynon’s laboratory. The focus of
this presentation is to describe a new trend in the use of QconCATSs as internal standards: the need of natural flanking
sequences for every Q-peptide included in the QconCAT. This development in QconCATSs has not received much

attention so far, but show great promise for future advances in targeted proteomics.

On the experimental side, this is the first systematic comparison between recombinant protein, QconCAT,
and synthetic peptide standards designed to also assess the use of natural flanking sequences. For this study, we
used recombinant proteins and developed QconCAT constructs and synthetic peptides with and without natural
flanking sequences. Calibration curve construction and regression analysis was used to assess the quantitative
accuracy, and inherent strengths and limitations. A methodological improvement using natural flanking sequences

demonstrated improved performance for QconCAT standards and synthetic peptides.

Key Words: multiple reaction monitoring; isotope-labeled internal standards; QconCAT; natural flanking

sequences
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Abstract

Purpose: The identification of novel biomarkers with proven clinical utility relies on a complex process composed of
discovery, qualification, verification, and validation steps. Proteomic biomarker discovery has provided numerous
candidates but only few of those have reached the validation stage and even less are used in today’s routine clinical
practice. Mass spectrometry (MS)-based proteomics is powerful enough to comprehensively characterize biological and
clinical samples but offers limited sample throughput, mainly due to complex sample preparation upstream of MS.
Proteomic biomarker discovery studies are therefore often performed with a too small number of samples, compromising
study design. We have developed dedicated highly-automated workflows to facilitate, accelerate, and improve molecular
phenotyping and translation of clinical proteomic discovery findings in human body fluids such as plasma and
cerebrospinal fluid.

Experimental description: A highly automated MS-based proteomic discovery approach that comprises immuno-
affinity depletion of abundant plasma proteins, buffer exchange, reduction/alkylation, tryptic digestion, isobaric labeling,
sample purification and reversed-phase liquid chromatography tandem MS analysis was developed, characterized [1] and

finally used to analyze cohorts of patients, ranging from 100 to 1°000 individuals [2].

Results: Analytical figures of merit, e.g., precision and trueness, of our approach demonstrated increased robustness
compared to to-date published manual or less automated workflows while ensuring sufficient throughput for large-scale
studies. Application to clinical biomarker research programs in the fields of metabolic and brain health provided protein

biomarker models for stratification of subjects and prediction of relevant clinical readouts.

Conclusions: Our results revealed that the analysis of large number of samples for biomarker discovery in clinical research
using today’s MS-based shotgun proteomics technology has become feasible. The analytical and biological consistency
of our results regarding technical validation but also clinical research demonstrated the value of our approach.

References:

[1] Dayon, L.; NUfiez Galindo, A.; Corthésy, J.; Cominetti, O.; Kussmann, M., Comprehensive and scalable highly
automated MS-based proteomic workflow for clinical biomarker discovery in human plasma. J. Proteome Res. 2014, 13,
(8), 3837-3845.

[2] Cominetti, O.; Nufiez Galindo, A.; Corthésy, J.; Oller Moreno, S.; Irincheeva, I.; Valsesia, A.; Astrup, A.; Saris,
W.H.M.; Hager, J.; Kussmann, M.; Dayon L., Proteomic Biomarker Discovery in 1'000 Human Plasma Samples with
Mass Spectrometry: Vision or Reality?. Submitted.
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Abstract

We describe a "gel-assisted" proteomic sample preparation method for MS analysis. Solubilized protein extracts or
intact cells are copolymerized with acrylamide, facilitating denaturation, reduction, quantitative cysteine alkylation,
and matrix formation. Gel-aided sample preparation has been optimized to be highly flexible, scalable, and to allow
reproducible sample generation from 50 cells to milligrams of protein extracts. This methodology is fast, sensitive,

easy-to-use on a wide range of sample types, and accessible to non-specialists.

Experimental description: The essential elements of GASP are as follows: (i) protein extraction in presence of
reducing agent, such as DTT, (ii) copolymerization of proteins with monomeric acrylamide, (iii) shredding of gel
plug to increase surface area, (iv) depletion of small molecules, such as detergents and inhibitors, (v) proteolysis,

and (vi) peptide recovery.

Conclusions: GASP combines the advantages of in solution and filter-based methods with the simple, robust, and
well-established protocols for in-gel sample preparation without the need of alkylation, precipitation, filtering, or
electrophoresis steps. Gel-assisted methods have been used previously predominantly on membrane preparations
using low acrylamide concentrations. We demonstrate that a smaller pore size at 20% acrylamide minimizes sample
loss and enables a highly sensitive detection of proteins in total cell extracts from only 50 cells. Furthermore, GASP
can be applied to intact cells or cell extracts between 1 and 1000ug without loss in efficiency or sensitivity. The
GASP protocol can eliminate alkylation and even cell lysis steps from sample preparation for proteomics and is a

simple way for producing high-quality samples for MS for non-specialists.
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Statens Serum Institut, Copenhagen, Denmark

Abstract

Purpose: Chlamydia is the most common sexually transmitted infectious disease in Europe. The infection is often
asymptomatic and if not treated it can lead to a persistent infection with infertility as a result. In the normal infection
cycle, C. trachomatis has two distinct growth forms: The infectious, metabolically inactive elementary bodies (EB)
and the non-infectious metabolically active reticulate bodies (RB). In the presence of e.g. IFN-y or B-lactams the

normal cycle can be disrupted and lead to a persistent form, the non-replicating aberrant reticulate bodies (ARB).

The aim of this study was to characterise the proteome profile of RB and EB in the normal infection cycle as well

as ARB after IFN-y-induced persistence.

Experimental description: An in vitro model of persistent infection was established by infecting Hela 229 cells
with C. trachomatis Serovar D/UW-3/CX, and growth in RPMI medium was followed under normal conditions or
during IFN-y treatment. The RB and EB forms were isolated after 20 and 40 hours of growth, respectively, under
normal growth conditions. The ARB form was isolated after 40 hours of growth in the presence of IFN-y. Lysates
from all growth forms were analyzed by high resolution LC-MS/MS and raw-files were analyzed using MaxQuant

for label-free protein quantification and identification.

Results: C. trachomatis Serovar D/UW-3/CX holds 895 predicted open reading frames. Through the LC-MS/MS
analysis of fractionated samples, we identified 654 proteins covering >70% of the predicted proteins. By the
quantitative comparison we found increased abundance of proteins associated with the inclusion membrane and
translation in the RB form, whereas proteins involved in carbohydrate metabolism or the type Il secretion system
were more abundant in the EB form. Overall, the ARB proteome showed similarity with the RB proteome, however,
the tryptophan synthase subunits, TrpA and TrpB, were strongly increased in the ARB form as a response to the
tryptophan starvation induced by the IFN-y treatment. These results were further validated by immunofluorescence

microscopy and immunoblot analyses.

Conclusions: The functional differences of RB, EB and ARB were reflected in their proteome profile and provide

knowledge about stage specific proteins with potential for diagnostic purposes or vaccine development.

Key Words: Chlamydia trachomatis, proteome, growth phase, persistence, LC-MS/MS, label-free, IFN-y,
tryptophan

Acknowledgements: The study was supported by the Lundbeck Foundation and the Novo Nordisk Foundation.

Correspondence: Dr. Ida Rosenkrands, idr@ssi.dk, Department of Infectious Disease Immunology, 5 Artillerivej,
DK-2300 Copenhagen S, Denmark.

78



ICAP 2015 - Proceedings

06A-Functional Proteomics with Parallel Assays of Blood and Hemoglobin

Oxygen Equilibria
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Abstract

Methods to systematically analyze in parallel the function of multiple protein or cell samples in vivo or ex vivo (i.e.,
functional proteomics) in a controlled gaseous environment have so far been limited. We have built an apparatus
and developed a procedure that enables, for the first time, performs parallel assays of oxygen binding equilibria in
multiple samples of blood and hemoglobin solutions. Using this apparatus, numerous simultaneous oxygen
equilibrium curves (OECs) can be obtained under identical conditions from blood cell samples or purified
hemoglobins (Hbs). The ability to obtain these parallel datasets under identical conditions can be of great value both
to biomedical researchers and clinicians who wish to monitor blood health and to physiologists who are studying
nonhuman organisms and the effects of climate change on these organisms. Parallel monitoring techniques are
essential in order to better understand the functions of critical cellular proteins. The procedure can be applied to
human studies, where an OEC can be analyzed in light of an individual’s entire genome. We analyzed
intraerythrocytic Hb, a protein that operates at the organism’s environmental interface and then comes into close
contact with virtually all of the organism’s cells. The apparatus is scalable and establishes a functional proteomic
screen that can be correlated with genomic information on the same individuals. This method has accelerated our
general under- standing of protein function, an increasingly challenging objective as advances in proteomic and

genomic throughput outpace the ability to study proteins’ functional properties.
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06B- Visualizing gene regulation: a combined proteomic and genomic

approach for the structural analysis of steroid hormone receptor complexes
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Abstract

Purpose: To develop a novel technique for identifying key protein interactions specific to the growth of tumor cells with the
potential to identify new leads for therapeutic targets. Steroid hormone receptors are intracellular receptors that initiate signal
transduction in response to steroid hormones, including estrogen and androgens. Generally, the binding of the steroid to the
nuclear receptor induces the protein to form a dimer and relocate onto the chromatin, although the order of these events may
vary. The location of receptor binding on the chromatin is defined by specific hormone response elements (HRE). Once
located, the receptor promotes gene activation by the recruitment of other co-factors. It is this process that makes the complex

of receptor protein and co-factors play a pivotal role in the regulation and activation of genes.

The failure to regulate this process correctly is a key step in the development of several endocrine-driven cancers. For
example: oestrogen receptor positive (ER+) breast cancer is one of the most common forms of cancer and accounts for 70%
of all breast cancer cases. In ER+ tumors, the oestrogen receptor (ER) drives the tumor growth and cell proliferation.
Understanding the interactions of the ER with other proteins, either directly or indirectly, can provide vital insight to the
regulation of the system that drives this cancer. The progesterone receptor (PR) has also been implicated in breast cancer,

and the androgen receptor (AR) is a known driver in the majority of prostate cancers.

Experimental description: To meet the challenges of elucidating these systems, we have developed methods to purify and
analyze cross-linked regulatory complexes bound to DNA by mass spectrometry (ChIP-MS). This allows for the enrichment
of proteins involved in gene regulation. ChIP-MS, combined with tandem mass tags (TMT), makes it possible to realize a
quantitative method to investigate the dynamic network of interactions between proteins within complexes that undertake the
regulation of biological systems. ChiP-seq is a well-established method for identifying where these protein complexes are
bound to the genome. This work focuses on how to combine these technologies for visualizing the dynamic organization of

the proteins on the chromatin.

Results: We have obtained detailed proteomic analysis of the estrogen receptor complex and obtained ChIP-Seq data for
multiple time points that provide genome wide information. On these data we have built a base-line model, which we will

go on to perturb using genome editing.

Conclusions: By combing ChIP-MS and ChlP-seq we have the ability to visualize the dynamic organization of the estrogen
receptor and cofactors on the chromatin. This can be further expanded with the application of our previous methods in the

analysis of cross-linked peptides to provide structural information.
Key Words: Cross-linking, ChlP, Proteomics, Genomics, Computational Biology
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Abstract

Purpose: In almost every disease studied today, there is a great need to support existing and emerging diagnostic tests with
additional candidate markers in efforts towards a more personalized health care. Different omics approaches have been used
to propose novel candidates and for the study of proteins, mass spectrometry and antibody-based assays are become
increasingly recognized as promising tools for a new area of biomarkers. In addition, the number and sizes of biobanks is

increasing, thus systematicly and stringently collected samples become available for our efforts towards new diagnostics.

Experimental description: My group uses antibodies from the Protein Atlas Project and suspension bead arrays to determine
differential profiles in serum or plasma samples via direct sample labeling. We employ different statistical models to
determine the relevant features in our data, and subsequently perform validation experiments using additional antibodies,
mass spectrometry, epitope mapping, selectivity analysis on protein arrays and preferably analyse more samples from

additional patient collections.

Results: The use of multiplexed assays enables to profile up to 1,000 sample on a daily basis with up to 384 different
antibodies per analysis. This single binder assays have sensitivities < 1 ng/ml and very good precision (%CV < 10%), and
using magnetic beads, a semi-automated workflow was established. Verification of the immuno-captured proteins is
performed by LC-MS/MS or SRM assays and antibody pairs can then be matched to develop dual binder assays. Thus, the
design of our affinity proteomics approach offers a straightforward concept from biomarker discovery to validation and my

presentation will describe some of our efforts.

Conclusions: We demonstrate the importance of analyzing larger samples sets to cover the range of inter-individual
heterogeneity and identify the most interesting proteins in a range of phenotypes. We also show the importance of cross-
platform and assay validation. With improving performance characteristics of mass spectrometers and increasing numbers
of antibodies towards the proteome, new candidate proteins will emerge and survive validation, if the study design and
available samples can avoid confounding factors. We have employed this affinity-centric approach in various cancer studies
and other disease areas, and are now aiming to bring some of our most promising candidates into a clinical laboratory for

early testing.
Key Words: Multiplexed immunoassays, Plasma, Translational Proteomics, Discovery, Validation
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Abstract

Purpose: Morphine belongs among the most important opioid analgesics used in clinical practice. However, its use
can be accompanied by the development of undesired effects, such as tolerance and dependence. Although morphine
is applied for the treatment of some cardiovascular diseases, the consequences of prolonged application of this drug
on protein expression in heart have not yet been investigated.

Experimental description: In this study we used proteomic approaches in order to assesss protein expression in
myocardium of rats affected by 10-day treatment with high doses of morphine (10 mg/kg/day). The left ventricles
were used for preparation of membrane, mitochondrial and cytosolic fractions and these fractions were then
analyzed by differential 2-D electrophoresis or iTRAQ technique. The selected proteins with different expression

profiles were identified by mass spectrometry.

Results: We have found that long term administration of relatively high doses of morphine and also its subsequent
withdrawal led to significant changes in the expression in 237 myocardial proteins. These proteins belong to
different groups, including proteins involved in cell signaling and cytoprotection. Some structural elements were
also changes. The most pronounced changes were observed in some heat shock proteins (HSP27, a-B crystallin,
HSP70, HSP10 and HSP60) and interesting differences were found also in the expression of some pro- and anti-

apoptotic proteins.

Conclusions: These results provide a complex view on quantitative changes in the rat heart proteome induced by

morphine. Moreover, these data indicate that cardiac tissue is highly sensitive to treatment with this opioid.
Key Words: morphine, rat heart, proteomic
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Abstract

The objective of this work was to investigate the activity of the MMPs (MMP-2 e MMP-9) in blood serum of
chronically infected bucks by CAEV. The experiment was constituted by two groups (n = 5 each group). The first
one was composed by five naturally infected bucks (4-5 years) and the second group constituted of five negative
bucks (4-5 years) for CAE. Serology was performed using the Western Blotting (WB) and confirmed by Polymerase
Chain Reaction (PCR). Blood samples were collected by puncturing the jugular vein from animals and evaluated
by zymography (SDS-PAGE) using gelatin as substratum. The gel densitometry analysis showed higher activity
(P<0.05) of the pro-MMP-2 and MMP-2 in seropositive group (Fig. 1). The higher activity of the MMPs (MMP-2
and MMP-9) in infected group to CAE suggests a role of these proteases in the chronic inflammatory process in
goats, once the key role of MMPs molecules in inflammation are involved in pathophysiological remodeling of the

vascular wall, even in animals without apparent disease.
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Fig.1 Densitometry of gels zymography showing the MMPs activity in seropositive (A) and seronegative (B) group
for CAE.
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Abstract

Purpose: High throughput technologies are generating massive high-dimensional and heterogeneous data. The
biomedical community is grappling with mining and extracting meaningful information that efficiently translates to
the clinic. In our studies, we hypothesized that for an evolutionary disease, such as cancer, evolution-based
analytical tools would be more compatible than currently available methods. Therefore, eight years ago we

developed an analytical platform based on parsimony phylogenetics to process omics data.

Experimental description: Parsimony phylogenetics is a method widely used in biology fields such as botany,
zoology and microbiology, to construct the relationships among taxa and microbial strains based on their shared
derived characters. While it is now well accepted that cancer is an evolutionary disease, the available analytical
tools remain incompatible with this concept. We developed an evolution-based method that combines omics and
phylogenetics, we hamed it Phylomics® (Patent # 8849576), and the parsing algorithm has been described by Mones
et al. (2008). More recently, we launched two Windows- based programs, OmicsTract and SynpExtractor. By
automating these steps, OmicsTract and SynpExtractor offer a veritable opportunity for rapid and standardized
phylogenetic analyses of omics data (Salazar et al. 2015, in press). The programs can be accessed free of charge at

software.phylomics.com

Results: By applying Phylomics® to high throughput cancer data: genomics, proteomics, and/or metabolomics, we
were able to simultaneously achieve three objectives: (i) provide profiling of specimens in a hierarchical
phylogenetic classification or cladogram; this offers a stratification of the subjects on the health continuum spanning
from salutogenesis to pathogenesis; (ii) identify the biomarkers for each subject as the shared derived expressions
and mutations—clonal aberrations; a list of biomarkers (or synapomorphies in the phylogenetic sense) could be
retrieved for each subject without any a priori selection parameters or machine learning process, thus leading to the
development of personalized treatments; and (iii) permit network analysis of affected molecular pathways (Abu-
Asab et al. 2013). The Figure below shows the hierarchical classification of cancer types and the early cancer
detection zone; each line in the cladogram is a subject, and each of them has a list of individualized biomarkers that
could easily be retrieved. For example: Mary’s biosignature: omics A,B,C,D (healthy); Joan’s biosignature:

A,B.E,G,H (susceptible to developing cancer); and Peter’s biosignature: B,G,1,J,K,L (indolent tumor).

Conclusions: Thus far, there is no publicly available program for converting quantitative omics data into input
formats to be used in off-the-shelf robust phylogenetic programs. Based on this health-related categorization and

classification, Phylomics® offers a new diagnostic and prognostic tool.
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Abstract

The tumor microenvironment plays an important role in supporting growth and metastasis of cancer cells and in
conferring drug resistance. Targeting components of the tumor microenvironment, such as cancer-associated
fibroblasts (CAFs), is therefore an attractive anticancer strategy. Functional interrogations of these complex cell
interactions with small molecule screens have yielded important biological insight that paves the way for novel drug
combination studies. However, the composition of the tumor stroma and the nature of these cell-cell
communications regarding direction and the involved components is highly complex, and the unbiased investigation
with modern postgenomic technologies for a functional dissection of drug mechanisms is challenging due to a
limited ability to differentiate involved proteins and identify their cell type of origin.

Using a combined chemical and phosphoproteomic approach across lung cancer cell lines, mouse xenografts and
primary tumor tissues from lung cancer patients we have previously observed kinases and activated signaling
pathways, which were targeted by the multikinase inhibitors dasatinib and sunitinib, in lung cancer cells and the
surrounding tumor microenvironment. Subsequent co-culture experiments of PC9 lung cancer cells, which harbor
an activating EGFR mutation and are known to be sensitive to dasatinib and the EGFR inhibitor erlotinib, with

CAFs show that CAFs mediate resistance of PC9 cells to dasatinib and erlotinib.

To enable the unbiased functional dissection of these drug effects, we have adapted a novel technology for
quantitative mass spectrometry-based proteomics, named “cell type-specific labeling using amino acid precursors”
(CTAP). This technology employs stable isotope-labeling of proteins using amino acid precursors that can only be
utilized by specifically engineered cells allowing for the simultaneous metabolic labeling of two co-cultured cell
types with different abilities to generate labeled amino acids. This enables differential quantitative proteomics
analyses of complex co-culture systems. Employing CTAP-based chemical proteomics, we have identified

differential target profiles of dasatinib and erlotinib in PC9 cells and lung fibroblasts.

Comprehensive utilization of this co-culture platform is expected to enable novel therapeutic approaches through
elucidation of the mechanisms and biological pathways behind the observed drug effects in the context of critical

interactions between lung cancer cells and their tumor microenvironment.
Key Words: Chemical proteomics; tumor microenvironment; kinase inhibitor; target identification; CTAP
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Abstract
Purpose: Diagnosis of immunoallergenic pathologies due to environmental microorganisms includes detection of
circulating specific antibodies. Immunoproteomics have proved to be useful for identifying the immunogenic

proteins in several microorganisms linked to allergic diseases.

Experimental description: With this approach, the causative microorganisms are first isolated from the
environment of patients. Then the proteins are separated by two-dimensional electrophoresis and revealed by
Western blotting with sera of different patients suffering from the disease compared to sera of asymptomatic
exposed controls. Immunoreactive proteins are identified by mass spectrometry. Identified immunoreactive proteins
found to be specific markers for the disease could be subsequently produced as recombinant antigens using various
expression systems to develop ELISA tests.

Results: Using recombinant antigens, standardized ELISA techniques can be developed, with sensitivity and
specificity reaching 80% and 90%, respectively. Such techniques have been developed in our lab for diagnosis of
Farmer Lung Disease (FLD), which is the most frequent form of occupational hypersensitivity pneumonia.
Combinations of recombinant antigens from the 3 main micro-organisms involved in FLD (2 fungi and one
actinomycete) are being tested at the moment in a multicenter study. We also have developed an ELISA test for

diagnosis Machine Operator Lung, using 2 recombinant antigens from mycobacteria.

Conclusion: Immunoproteomics can be applied to any environmental microorganisms, with the aim of proposing
panels of recombinant antigens able to improve the sensitivity and standardization of serologic diagnosis of
hypersensitivity pneumonitis, but also other mold-induced allergic diseases such as allergic bronchopulmonary

aspergillosis or asthma.

Key Words: allergy -immunoproteomics - serodiagnosis — recombinant antigens
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Abstract

Purpose: Infectious disease caused by specific bacteria with increased resistance to available antibiotics raise alarm
for better understanding of microbial infections and host susceptibility. Studying host-pathogen interaction is a
complex process, the outcome can be defined using information from both host and pathogen perspective in different
dimensions. Evolution of molecular tools have enabled to explore the bacterial virulence factors and host immune
effector molecules providing in depth knowledge about infection and immune response. Further, suitability of model
organisms and advancement of proteomics techniques shed light on host innate immune response against bacterial
infections. Caenorhabditis elegans is a well-known model for studying bacterial infections for decades and
enormous data has been generated using forward and reverse genetics in this model. Using C. elegans as a model,
the host proteome changes against set of Gram negative pathogens including Vibrio alginolyticus, Proteus mirabilis

and Pseudomonas aeruginosa were studied.

Experimental description: In our studies, regulation of C. elegans proteome was monitored against Gram negative
bacterial infections using quantitative proteomic approach. Proteins were separated using two-dimensional
differential gel electrophoresis (2D-DIGE) and differentially regulated proteins were identified using PMF and
MALDI TOF-TOF analyses. The levels of expression of candidate proteins and their specific MRNA were validated
using Western blot analysis and quantitative PCR, respectively. The interacting partners were shortlisted by

bioinformatics tools and subsequently validated.

Results: Our results suggest that C. elegans displayed pathogen specific response by differentially regulating
proteins against different pathogens. Identified proteins are found to be key regulators of essential pathways namely,

unfolded protein response, MAP kinase and RAS signaling pathways.

Conclusions: For the first time our studies report the role of C. elegans proteins PDI-2, DAF-21 and EEF-2 in

regulating host immune system against bacterial infections.
Key Words: Caenorhabditis elegans, Vibrio, Pseudomonas, Proteus, Proteomics
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Abstract

The mitochondrion is an organelle with multiple functions, the most important of these being to provide energy to
the cell as a whole in the form of ATP, generated by oxidative phosphorylation catalyzed by the respiratory enzymes
in the mitochondrial inner membrane. In humans, deregulation of mitochondrial functions, particularly with regard
to the respiratory chain, is associated with several pathologies, including neurodegenerative diseases, neuromuscular
diseases, type Il diabetes and cancer. The activity of the respiratory enzymes may be modulated in response to
metabolic demand and various types of stress. Several levels of regulation may be conceived, including changes in
protein expression magnitudes, reversible interaction with effectors, and post-translational modifications, such as
phosphorylation. The steadily increasing number of identified mitochondrial phosphoproteins suggests that
reversible protein phosphorylation could be an important level of regulation in mitochondria. However, this
hypothesis cannot be tested without quantitative data on variations in the abundance of mitochondrial proteins and
their level of phosphorylation under different growth conditions. The yeast Saccharomyces cerevisiae is a powerful
tool for studying various energetic and physiological states as it is a facultative aerobe which can grow on either

fermentative or respiratory substrates.

We present for the first time a quantitative study of both protein abundance and phosphorylation levels in isolated
yeast mitochondria under respiratory (lactate) and fermentative (glucose or galactose) conditions. To focus our
analysis specifically on mitochondrial proteins, we performed a subcellular fractionation and used LC— MS/MS to
overcome the limitations of 2D gel electrophoresis. Protein abundances were quantified using a label-free method.
The phosphoproteome was analyzed quantitatively using the multiplex stable isotope dimethyl labeling procedure.
For all quantified phosphopeptides, protein abundance was determined, allowing normalization of the data and

permitting analysis of the specific variation of phosphorylation status independent of changes in protein abundance.

Label free quantitative analysis of protein accumulation revealed significant variation of 176 mitochondrial proteins
including 108 proteins less accumulated in glucose medium than in lactate and galactose media. We also showed
that the responses to galactose and glucose are not similar. Stable isotope dimethyl labeling allowed the quantitative
comparison of phosphorylation levels between the different growth conditions. This study enlarges significantly the
map of yeast mitochondrial phosphosites as 670 phosphorylation sites were identified, of which 214 were new and
quantified. Above all, we showed that 90 phosphosites displayed a significant variation according to the medium

and that variation of phosphorylation level is site-dependent.
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This proteomic and phosphoproteomic study is the first extensive study providing quantitative data on phosphosites
responses to different carbon substrates independent of the variations of protein quantities in the yeast S. cerevisiae
mitochondria. The significant changes observed in the level of phosphorylation according to the carbon substrate
open the way to the study of the regulation of mitochondrial proteins by phosphorylation in fermentative and
respiratory media. In addition, the identification of a large number of newphosphorylation sites show that the

characterization of mitochondrial phosphoproteome is not yet completed.
Key Words: Phosphoproteomic, Proteomic, Glucose, Galactose, Lactate, OXPHOS
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Abstract

Post-translational modifications are covalent attachments to the protein and these modifications often have a large
impact on protein/enzyme functionality, activity, and stability. Using a glycomic approach, 19 different N-glycan
structures were identified and relative quantified from the Lotus japonicus seed globulin fraction®. The Lotus
japonicus gene accessions corresponding to enzymes in the N-glycan maturation pathway and O-glycosylation
pathways were identified. Multiple knockout alleles were obtained for the majority of the glycosylation genes using
the Lotus LORE1 mutant population?. Differences in N- and O-glycan structure pattern between the wild type and

mutants were determined by MS and/or using glycan specific antibodies for immunoblotting.

Three genes are coding for hexosaminidase in both the Lotus japonicus and Arabidopsis. Two of the Lotus
hexosaminidase mutants show differentially N-glycan structure patterns from the immunoblot experiments and we

are currently trying to identify the corresponding glycoproteins.

This work was supported by the Danish Council for Independent Research | Technology and Production Sciences
(FTP) and the Danish National Research Foundation grant no. DNRF79.

References:

(1) Dam, S. et al., J. Proteome Res. 12, 3383-3392 (2013)

(2) Urbanski, D et al., Plant J. 69, 731-741 (2012)

91



ICAP 2015 - Proceedings

011B-Dynamism of protein expression in gametes and early mammalian

embryos analysed by a holistic approach and multiplexed SRM

D.D. Deutsch?, T. Frohlich!, K. A. Otte!, E. Wolf*?, Georg J. Arnold*

Laboratory for Functional Genome Analysis LAFUGA, Gene Center, Ludwig-Maximilians-Universitaet
Muinchen
2Molecular Animal Breeding and Biotechnology, Department of Veterinary Sciences, Ludwig-Maximilians-

Universitaet Miinchen, Veterinaerstrasse, D-80333 Munich. Germany.

Abstract

Purpose: Early embryogenesis is a highly critical period of mammalian development. Morphology of pre-
implantation development has been well studied, but molecular processes, particularly at the level of proteins, are
still poorly understood. To identify molecular key players during early development, we performed holistic
proteome analyses using the bovine model, which shows crucial similarities to the human reproduction system.
Using multiplexed SRM assays, the dynamism of protein expression during embryo development was precisely

quantified during all characteristic stages from the oocyte to the expanded blastocysts.

Experimental description: In a holistic approach, four biological replicates of bovine embryos (100 per replicate)
at the zygote, 2-cell and 4-cell stage and MII oocytes as a reference were quantitatively analysed by an iTRAQ LC-
MS/MS approach on an Orbitrap mass spectrometer. Data processing and bioinformatics analysis comprised
MASCOT v2.4, DAVID Bioinformatics Resources 6.7, Self-organizing tree algorithm (SOTA), Cytoscape 3.1.0
plug-ins ClueGO v2.0.8 and CluePedia v1.0.9. SRM based quantifications were performed using batches of 10
zygotes or embryos on a Q-Trap 5500 instrument. GraphPad Prism 6.04 was used for statistical analysis (multiple
T-tests).

Results: Among 1072 proteins identified in the iTRAQ approach, 87 showed significant abundance differences in
the four stages analysed. The proteomes of 2-cell and 4-cell embryos differed most from the reference MII oocyte.
Relevant differences between transcript and protein abundance levels were detected, e.g., for WEE2. Especially
affected during development are proteins of the p53 pathway, mitosis, energy and lipid metabolism, and members
of “The unfolded protein response”. By Principal Component Analysis (PCA), SRM quantifications comprising a
panel of only five proteins were shown to discriminate between all four developmental stages analysed. Using an
expanded 27-plex SRM assay, proteins were reliably quantified in nine developmental stages. Absolute protein

contents were quantified for nine proteins (n=6).

Conclusions: Despite silence of transcription and translation, the proteome in zygotes and early embryonic stages

is highly dynamic.

SRM quantification in nine developmental stages revealed high-resolution profiles of the dynamic embryo
proteome.

Absolute quantification of nine developmentally relevant proteins by SRM revealed protein contents of low
femtomole down to attomole range per embryo, and provides an essential data basis for systems biology oriented

pathway modelling and prediction algorithms.

92



ICAP 2015 - Proceedings

Key Words: embryo, oocyte, development, mass spectrometry, SRM, proteomics

Acknowledgements: This work was supported by a grant from Deutsche Forschungsgemeinschaft (DFG FOR1041
“Germ Cell Potential” AR 362/7-1; WO 685/14-1).

Correspondence: G. J. Arnold, Laboratory for Functional Genome Analysis LAFUGA, Gene Center, Ludwig-
Maximilians-Universitaet Miinchen, Feodor-Lynen-Strasse 25, D-81377 Munich. E-Mail: arnold@genzentrum.uni-

muenchen.de

93



ICAP 2015 - Proceedings

012A-A new view of brain function: quantifying protein responses to

learning and memory with reverse phase protein arrays

K. J. Gardiner

Linda Crnic Institute for Down Syndrome, Departments of Pediatrics and Biochemistry and Molecular Genetics,
University of Colorado School of Medicine, Aurora, Colorado, 80045, USA

Abstract

Purpose: Clinical trials with a diverse array of drugs designed to improve cognition in intellectual disability (ID)
have been conducted, are in progress or are planned. Preclinical evaluations of these drugs are generally limited to
the study of a single mouse model, use only male mice, and do not generate information on the molecular links
between drug action and the functions of the genes causing ID. In addition, analysis of brain expression in
learning/memory studies has been typically confined to screening of oligonucleotide arrays or measurement of fewer
than 5-10 proteins. Use of quantitative proteomics in preclinical evaluation of drug responses would lead to
understanding of the molecular basis of ID and its rescue with drug treatments and could contribute to design of

more effective clinical trials.

Experimental description: We use the technique of Reverse Phase Protein Arrays (RPPA) in which protein lysates
are spotted robotically onto nitrocellulose coated microscope slides. A single slide can accommodate 4000 spots,
sufficient for 200 samples in 3-4 replicates of a 5 point sample dilution series. Slides are screened with antibodies
to proteins of interest in a protocol of blocking and washing similar to that used in Western blots. RPPA provides
advantages of sensitivity, accuracy, throughput, and requirement of minimal sample volume. We investigate
changes in protein expression in mouse models of neurological disorders. We generate protein profiles from multiple
brain regions, in female and male animals, of different ages, with and without exposure to tests of learning/memory,
with and without drug treatment. In a typical experiment, we measure levels of ~100 proteins/protein modifications,
including 15 components of both MAPK and MTOR pathways, multiple subunits of glutamate receptors, apoptosis

and immediate early gene proteins, in 20-100 mice. For this, RPPA is an ideal technique.

Results:(1) Molecular responses to tests of learning and memory and to drug treatments are more complex and
involve a greater diversity of pathways and complexes than previously known. Responses do not propagate linearly
within a pathway, likely reflecting the complexities of cross talk among pathways. (2) Gender differences are
significant: in hippocampus of untreated control mice, levels of 40% of proteins are significantly higher in females
than in males. (3) Gender differences are differentially perturbed in female and male mouse models of neurological
disorders, e.g. in one mouse model, in female mice, 20% of hippocampal and 70% of cerebellar proteins are
perturbed, but in male mice, only 40% and 20%, respectively, are perturbed. (4) A drug treatment that rescues a
deficit in learning/memory does not normalize the protein profile, but instead creates a new pattern of protein

expression compatible with successful learning.

Conclusions: RPPA facilitates accurate quantitation of several hundred proteins in hundreds of samples, thus
capturing differences among many experimental variables, as well as identifying inter-individual variation.
Preclinical evaluations of candidate drugs should include protein expression profiling , in multiple genetic models,

in multiple tests of learning/memory, and most importantly, in both female and male mice. Such analyses could lead
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to identification of effective combinations of drugs with a greater probability of positive outcomes in human clinical
trials.

Key words: protein lysate arrays, antibody, MAP kinase, hippocampus, cerebellum, pathway analysis, mouse
models
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Abstract

Purpose: Proteins typically exert their function within supra-molecular complexes. In current mass spectrometry
(MS)-based strategies to map protein-protein interactions, preparation of a cell or tissue homogenate is an inevitable
step. However, the associated lysis and purification steps induce loss of interactors (false negatives) as well as

artificially gain false interactors (false positives) due to the loss of cell integrity.

Experimental description: Virotrap is a novel approach for mapping intracellular protein interactions based on
fusion of a bait protein to the HIV-1 GAG protein so that interaction partners become trapped within virus-like
particles that bud from mammalian cells (Eyckerman et al., submitted). It obviates the need for cell homogenization

and thereby protects the abducted protein complexes during purification.

Results: Using a novel purification protocol we demonstrated that Virotrap allows the detection of known binary
interactions and the identification of new interactions as well as dynamic complexes by mass spectrometry. As an
example, we applied Virotrap to map the intracellular protein interactions of A20, both without and with TNFa
stimulation. Furthermore, we expanded A20’s interaction map to proteins that are involved in inflammation and
apoptosis signaling. Further, we explored Virotrap for detecting proteins interacting with small molecules. This was
achieved upon fusing the E. coli dihydrofolate reductase protein (€DHFR) as a bait to GAG, and treating the particle-
producing cells with a bivalent molecule made up from methotrexate linked via a polyethylene glycol linker to small
molecules. In case of simvastatin, using Virotrap we consistently identified its primary target; the HMG-CoA
reductase enzyme (HMGCR), a transmembrane ER-resident protein. In addition, UBIAD1 and SQLE were also
identified, and both proteins are likely members of the HMGCR complex that are co-sorted to the Virotrap particles

although a physical interaction between HMGCR and SQLE has not yet been formally shown.

Conclusions: Virotrap provides a unique addition to the arsenal of protein interaction technologies by omitting the
need for cell homogenization. In this way, it allows for detecting low-affinity interactors, the dynamics of protein
complexes and targets of small compounds (drugs).

Key Words: Affinity purification mass spectrometry (AP-MS), viral-like particles, Virotrap, GAG protein.
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Abstract
Histological and molecular examinations are prerequisite to understand cancer, determine optimal individualized
care, and identify targets for potential novel therapies. Despite this key role of tissue based research, the act of the

biopsy still remains troublesome for patients and physicians.

New direct and frontal biopsy technologies have emerged with the aim to alleviate the bottleneck of inappropriate
tissue acquisitions from minimal invasive interventions. This study was undertaken to validate the Spirotome type
of instruments to harvest high quality tumor tissue in sufficient quantity in different parts of the human body.

The new Spirotome instruments were evaluated in a population of 909 patients with 1209 biopsies in two clinical
centers for various organs with regard to efficacy, comfort and safety. All patients were given informed consent
according to institutional requirements. The biopsy specimen, harvested under direct imaging, was evaluated with
regard to quality: i.e. to provide enough high quality tissue for omic research in comparison to diagnostic surgery.
Only when the pathological and molecular data were considered complete and comparable to surgery or in line with

follow-up and with sufficient patient comfort, the procedure was defined as successful.

In all 909 patients tissues could be harvested. In less than 2% the tissue was considered non contributive to a
complete diagnosis. Sample sizes were between 100 and 300 mg. Patient comfort was excellent as less than 5% of
the patients experienced significant pain or hematoma that needed medication or intervention. Pneumothorax for
lung applications was less than 10 %. In only two cases hospitalization was needed or prolonged (pneumothorax).
53 cases had diagnosis when surgery was not possible. The costs of the materials was less than 200 Euro per

procedure.

New biopsy procedures are increasingly more patient friendly with appropriate comfort and safety. The new
macrobiopsies are less expensive, making molecular biology at reach for every oncological patient, company and
health care provider. Direct and frontal macrobiopsies open new avenues for future bio-banking,
pharmacogenomics, omic research and personalized medicine. It is anticipated that drug discovery and clinical
implementation of targeted therapies will be highly facilitated and that clinical research time for multicenter trials

will be significantly shortened.
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Abstract

Purpose: Huntington’s disease (HD) is an inherited neurodegenerative disorder which is progressive and fatal. Any
preventive or disease-modifying therapies are not available as yet, hence a better understanding of the earliest
changes in brain as well as peripheral cells could be crucial for development of new therapeutic approaches aimed

at elimination or repair of the impairing changes caused by huntingtin mutation.

Experimental description: we utilised transgenic porcine HD model bearing an N-terminal fragment of human
mutant huntingtin (mHTT) to profile cytokine levels in cerebrospinal fluid, serum and secretomes of microglial

cells and blood monocytes in the course of HD using bead based multiplexing Luminex XMAP technology.

Results: among the most pronounced changes was the decline of IFNa in CSF of transgenic animals and this was
observed from very early time intervals of HD. IFNa was also decreased in secretome of microglial cells but not
blood monocyte in transgenic animals. In addition, IL-10 was lower in CSF as well as microglia secretome. On the
contrary, elevated levels of pro-inflammatory IL-1f3 and IL-8 were produced by microglial cells of transgenic
animals. We further demonstrated higher proportion of the mHTT related to endogenous HTT in microglial cells

compared to blood monocytes in transgenic minipigs which may have a causative impact on cytokine production.

Conclusion: in this study, we revealed emerging role of IFNa and IL-10 in central nervous system inflammation
and immune response imbalance in HD progression.

Key words: porcine Huntington’s disease model, IFNa, IL10, multiplexing, cerebrospinal fluid, microglial cells.
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Abstract

Proteins mediate dynamic cellular processes with broad implications in human disease pathogenesis. There is a high
demand for high-throughput technologies and both mass spectrometry (MS) and protein arrays have been
successfully utilized for this purpose. Protein arrays override the major limitation of target protein abundance
inherently associated with MS analysis. This technology, however, is typically limited to pre-purified proteins
spotted in a fixed composition on the chip surface with limited life-time and functionality. In addition, these
expensive arrays permit only one assay per chip, making complex experiments cost-prohibitive. Combining
microfluidics with in situ protein expression from a cDNA microarray addressed these limitations. Based on this
approach, we introduce a modular integrated microfluidic platform (Figure 1) for studying host-pathogen
interactions, addressing for example the issue of membrane proteins. Unlimited by design and protein composition,
and relying on minute amounts of biological material and cost-effective technology, this unique approach is
applicable for a broad range of basic, biomedical and biomarker research.

Figure 1. The photo shows a typical integrated microfluidic device used for generating protein arrays. For
presentation, we filled the device with food dyes. Each chamber, less than a nanoliter in volume, can be programmed

with a different protein using microarrays. We can express over 1000 proteins with 4 replicates on a typical device.
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Nanotechnology Institute, building 206 room 811, Bar Ilan University, Ramat Gan, 5290002, Israel
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Abstract

GLR (glutathione reductase) is a low abundance protein involved in defence mechanisms against reactive oxygen
species. Expressed on cytosolic ribosomes, the same gene uses alternative start codons to generate two forms.
Translation from the first AUG codon generates the mitochondrial form incorporating a presequence necessary for

import into this organelle. If the translation starts at the second AUG codon, the cytosolic counterpart is generated.

Purpose: To determine the turnover rates of a single protein distributed to more than one compartment of a

eukaryotic cell.

Experimental description: Proteomic strategies based on mass spectrometry and in vitro and in vivo isotopic
labeling were used to analyse the N-terminal sequences and the turnover of Saccharomyces cerevisiae GLR in both

cytosolic and mitochondrial compartments.

Results: Our results suggest that about 90% of the synthesis of GLR occurs through "leaky scanning”, from the
second AUG start codon. The context (that is the sequences upstream and downstream of AUG) is very unfavourable
for the first AUG, leading to very poor expression from this start codon. The mitochondrial isoform was found to
have three alternative N-terminii, none of them acetylated, whereas the cytosolic form is fully acetylated. Turnover

measurements showed that the mitochondrial Glrl was turned over faster than the cytosolic form.

Conclusions: This is the first report of protein turnover measurements of a low abundance protein distributed in

different compartments of a eukaryotic cell.

Keywords: Saccharomyces cerevisiae, glutathione reductase, N-terminii, protein turnover, proteomics, mass

spectrometry.
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Abstract
Purpose: G protein-coupled receptors (GPCRs) regulate a wide variety of physiological functions. In addition,
GPCRs are major drug targets. However, the generation of highly specific antibodies has been proven difficult for

many members of this receptor family.

Experimental description: We have used the C-terminal sequences of the p-opioid receptor (MOR), somatostatin
receptor 2 and 5 (SSTR2 and SSTR5), CXC chemokine receptor 4 (CXCR4) and endothelin receptor A (ETA) to

generate rabbit monoclonal antibodies.

Results: We show that each of these antibodies detects its cognate receptors with high specificity in virtually all
possible applications including Western blot, immunoprecipitation and immunohistochemistry. For clones UMB-1
(SSTR2), UMB-4 (SSTR5) and UMB-2 (CXCR4), we present evidence that the immunohistochemical receptor
determination in human paraffin-embedded tumor tissue is of diagnostic and prognostic value. Using UMB-3
(MOR), we were able to isolate endogenous receptors from mouse brain to determine agonist-selective
phosphorylation patterns using mass spectrometry.

Conclusions: Rabbit monoclonal antibodies are useful tools to study the localization, regulation and function of
GPCRs.

Key Words: rabbit monoclonal antibodies, MOR, SSTR2, CXCR4, ETA
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Abstract

Purpose: Drug metabolizing enzymes (DMEs) and drug transporters (DTs) are important determinants of drug
efficacy and adverse effect. Liver is the major organ of drug disposition and hepatic cytochrome P450 enzymes
(P450s), flavin-containing monooxygenases (FMOs), and sinusoidal membrane transporters (e.g., OATP1B1 and
OCT1) have clinically significance in mediating drug-drug interactions. The goal of this study was to develop LC-
MRM-based targeted proteomic methods for absolute quantification of P450s, FMQOs, OATP1B1 and OCTL1 in

human liver samples and evaluate the protein quantification results with orthogonal assays.

Experimental description: Several panels of individual donor human liver microsomes (HLMs) were either
prepared in house or purchased from commercial vendors and used for P450 and FMO quantification. Total
membrane proteins were extracted from individual donor human liver tissues using the ProteoExtract Native
Membrane Protein Extraction Kit. Signature (surrogate, proteotypic or AQUA) peptides were selected in silico
based on previously reported criteria and at least two signature peptides were chosen for each protein. Protein
samples were reduced, alkylated, and trypsin-digested using optimized protocols. Absolute protein quantification
was achieved by using two types of calibration standards. One contained trypsin digests of recombinant proteins of

known concentrations and the other contained synthetic signature peptides of known concentrations.

Results: LC-MRM-based targeted proteomic methods were developed for quantification of human hepatic DMEs
(CYP3A4, CYP3A5, CYP3A7, CYP2C9, CYP2C19, CYP4F2, CYP4F3B, FMO1, FMO3, and FMO5) and
transporters (OATP1B1, OATP1B3, OATP2B1, OCT1 and P-gp). The absolute protein concentrations of these
proteins were determined using HLMs or total membrane proteins. CYP4F enzymes contributed significantly
(~15%) to the overall P450 content in HLMs. Ethnic and age-dependent variability in the abundance of these
proteins were also observed, e.g., fetal-adult developmental switch between CYP3A4 and CYP3A7, as well as
between FMO3 and FMOL1. Absolute quantification using protein digests as standards conferred good coherence
between different signature peptides of the same protein, whereas signature peptide-dependent quantification was

observed using synthetic peptide standards.

Conclusions: LC-MRM-based targeted proteomics provide a multiplexed quantification strategy for DMEs and
DTs. Absolute protein quantification of these proteins are expected to improve our understanding of the underlying
causes of interindividual variability of drug response. In addition, determination of absolute protein concentrations
in human tissues and surrogate models (e.g., sandwich-cultured human hepatocytes and liver-on-a-chip) will enable

physiologically-based pharmacokinetic (PBPK) modeling to predict drug exposure in humans prior to clinical trials.

Key Words: targeted proteomics, quantitative pharmacology, drug metabolizing enzymes, drug transporters,

quantitative pharmacology
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Abstract

Purpose: Direct High and Low Density Lipoprotein cholesterol (HDL-C and LDL-C) tests are currently used for
cardiovascular disease (CVD) risk classification but suffer from serious drawbacks, especially in dyslipidemic
patients [1]. Therefore, we aimed to develop an alternative mass spectrometry (MS) based method for absolute and
direct quantitation of the well-defined, clinically relevant serum apolipoprotein counterparts. The MS-based method

should have an analytical performance in line with quality specifications, derived from biological variation.

Experimental description: Sample preparation was performed using a modification of the protocol described
earlier for apo A-l and B100 [2] using deoxycholate for protein denaturation. Two proteotypic peptides were
selected for each of the apolipoproteins (apo) A-1, B100, C-I, C-II, C-lIl, E as well as additional peptides to
distinguish the apo E2, E3 and E4 isoforms [3]. All peptides were detected by multiple reaction monitoring using
a 1290 LC-system coupled to a 6490 triple quadrupole mass spectrometer (Agilent) [2,4]. Stable isotope labeled
peptides were added before digestion for internal standardization. External calibration was performed using
commutable, serum based calibrators. In case of apo A-l and B100, traceability to WHO-IFCC international
reference standards is established (www.bipm.org/jctim). The method is validated according to Clinical and
Laboratory Standards Institute guidelines EP15-A and EP9-A2, and the different steps outlined in the EAS-EFLM

framework [5]-

Results and Conclusions: Apo A-l and B100 concentrations can be measured by MS with imprecision below the
minimal specifications of 5.0 and 5.3 %, respectively [2]. The apo C-Il, C-I11 and E protein concentrations could be
measured with imprecisions < 9.2%. LC-MS/MS quantitation of apo A-1, B100, C-I1, C-I1l and E in 54 normo-and
46 hypertriglyceridemic (NTG and HTG) samples correlated well with immunoturbidimetric assays (R2 > 0.96).
Good correlations were found between the two peptides of these proteins (R2 > 0.95), and apo E2 and E4 isoforms
could be distinguished from the most common E3 isoform. Our method thus allows individual detection and
quantitation of six apolipoproteins with additional apo E phenotyping. Using a Bravo workstation and a fully

automated protocol for sample preparation about 80 specimens can be analysed in singlicate per day.

We conclude that our multiplexed apo method is ready for clinical application, both in routine patient care and in
clinical or epidemiological studies. Its added value compared to conventional serum HDL-C/LDL-C tests for CVD

risk assessment and/or treatment monitoring is currently subject of clinical validation studies.
Key Words: apolipoproteins, cardiovascular disease, traceability, multiple reaction monitoring
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Abstract
Purpose: The aim of this work was to detect the morphine-induced change of pi-, 6- and x-OR in rat forebrain cortex

as well as the alteration of the total spectrum of proteins by this drug when acting for long period of time.

Experimental description: Rats were exposed to increasing doses of morphine for 10 days (10-50 mg/kg) and
sacrificed 24 hours (group +M10) or 20 days (group +M10/ —M20) after the last dose of this drug (in parallel with
control animals: groups —M10 and -M10/~-M20). The post-nuclear supernatant fraction (PNS) was analyzed for the
content of p-, 8- and k-opioid receptors by 1D-SDS-PAGE performed under the non-dissociated (—DTT) and
dissociated (+DTT) conditions. The individual receptor subtypes were recognized by immunoblot detection with
specific antibodies. PNS fraction was also resolved by 2D-ELFO and analyzed by MALDI-TOF MS/MS and label-
free quantification using the MaxLFQ intensity determination and normalization procedure introduced by Cox et
al. in 2014.

Results: (A) The total amount of u-OR, 3-OR and k-OR was unchanged by morphine when resolved by 1D-SDS-
PAGE under the non-dissociated conditions (—DTT). However, the resolution under the dissociated conditions
(+DTT) revealed the presence of multiple protein bands exhibiting the wide range of M, ~ 20-106 kDa. All these
immunoblot signals were also unchanged with the exception of minor isoforms of p-OR (Mr = 20-32 kDa) and §-
OR (Mr = 68 kDa, = DTT) which were decreased in morphine-treated samples, p<0.05. Determination of Na,K-
ATPase indicated no difference between control and morphine-treated samples of PNS. This result was verified by
binding of selective inhibitor of this enzyme, [*H]ouabain. Noticeably, our data indicated a significant increase of
Caveolin-1, p<0.05, but no change of Caveolin-2. (B) Proteomic analysis of the total protein composition by
MALDI-TOF MS/MS indicated the morphine-induced change of 27 proteins (+M10). Number of altered proteins
was decreased to 14 in rats sacrificed 20 days since the last dose of morphine (+M10/—M20). The high resolution
by label-free quantification identified 118 altered proteins (+M10) and this number was decreased to 41 (+M10/—
M20).

Conclusions: The morphine-induced decrease of u-OR and 3-OR in rat forebrain cortex was surprisingly small; k-
OR was unchanged. Contrarily, depending on sensitivity of method used for proteomic analysis, the 27 (MALDI-
TOF MS/MS) or 118 (label-free quantification) proteins were altered after 10 days of morphine exposure. In rats

sacrificed 20 days after the last dose of morphine, these numbers were decreased to 14 and 41, respectively.

Key Words: morphine, long-term exposure, rat forebrain cortex, post-nuclear supernatant fraction, p-, 8- and -
opioid receptors, 1D- and 2D-SDS-PAGE, MALDI-TOF MS/MS, label-free quantification, MaxLFQ
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study bacterial metalloproteomes
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Abstract

Purpose: Although it is now clear that at least a third of all proteins require a metal cofactor for function, it is still
not straightforward to predict metal requirements and binding sites of proteins. This is especially true for the plethora
of "hypothetical proteins" emerging from genome sequencing that have no biochemically characterised homologues.
Indeed, a previous study concluded that "microbial metalloproteomes are largely uncharacterized" [1]. Analytical
approaches are therefore needed to begin filling the gaps [2]. We are particularly interested in bacterial zinc
proteomes [3], and have been exploring chromatographic separation techniques to fractionate metalloproteomes.

This talk will briefly summarise the major conclusions from our work so far.

Experimental description: The marine cyanobacterium Synechococcus sp. WH8102 was cultured in artificial
seawater. Cells were harvested and lysed, and lysates were fractionated by different chromatographies (size exclu-
sion, anion exchange, IMAC). Fractions were analyzed by 1D SDS-PAGE, peptide mass fingerprinting, and ICP-
MS.

Results: Separation by 2D orthogonal chromatography did not lead to the identification of major zinc-requiring
proteins. Instead, most intracellular zinc was found in fractions with high levels of phycobilisome proteins. The
latter are highly abundant in cyanobacteria, and not only caused problems with the detection of lower abundance
proteins, but were also likely to lead to zinc re-distribution [4]. In contrast, similar approaches were able to detect
intact Ni-superoxide dismutase [5], highlighting the differences in the bio-coordination chemistry of these two metal
ions. Further experiments employing immobilised zinc affinity chromatography led to enrichment of several

proteins with zinc-binding ability, including some unexpected, highly interesting new candidates.

Conclusions: Even the mildest separation conditions may disturb cellular zinc speciation, and care must be taken

to avoid misinterpretation of analytical results.
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Abstract
Purpose: This study aimed to uncover the mitochondria-relevant pathways that are altered due to genetic ablation

of PINK1, DJ-1, and Parkin (genetic causes of Parkinson’s disease, PD) before symptoms or pathology.

Experimental description: Mitochondrial were purified from synpatosomes isolated from the striatum of 3-month
old rat brains. Mitochondrial bioenergetics were determined using the Seahorse technology. Quantitative proteomics
was performed using SWATH mass spectrometry

Results: 1,284 proteins were quantified in all samples from each experimental group. 43, 175, and 198 proteins
were significantly differentially expressed in PINK1, DJ-1, and Parkin knockout rats, respectively. Sixteen proteins
were differentially expressed in common (all down-regulated ranging from log, of -0.89 to -5.89, except one protein
in the PINK1 knockout. These common mitochondrial proteome changes due to deletion of PINK1, DJ-1, and Parkin
indicate dysfunction of metabolic pathways required for generation of electrons for the respiratory chain and altered
calcium handling. In addition, a significant increase in the striatal synaptic mitochondrial respiration in the presence
of FAD+-linked substrates in the PINK1 and DJ-1 (but not Parkin) KO rats was observed at 3-months of age, prior
to symptom onset.

Conclusions: PINK1, DJ-1, and Parkin all lead to autosomal recessive Parkinson’s disease and regulate
mitochondrial health; however, unraveling the cause of mitochondrial dysfunction and its link to the phenotypic
changes seen in Parkinson’s disease has proven complex. Our findings are significant because they indicate common
mitochondrial molecular processes that are altered early during the asymptomatic PD stages due to loss of the
functions of these three different proteins, specifically within a vulnerable region, the striatal synaptic nerve

terminals..
Key Words: Mitochondria, SWATH, Parkinson’s Disease
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Abstract
Purpose: Molecular phenotypes linked to fresh water (FW) colonization were revealed by comparing tissue-specific

proteomes of marine and landlocked three-spined sticklebacks.

Experimental description: Label- and gel-free quantitative proteomics was used to identify and quantify proteins
in several tissues of euryhaline three-spined sticklebacks. Initial quantitative profiling was performed based on
chromatographic peak area integration of MS precursor isotopes (PEAKSQ) and spectral counts (Scaffold).
Candidate proteins that were differently abundant between marine and FW sticklebacks were then validated using
a targeted proteomics approach based on data-independent acquisition (DIA) and quantitative Skyline analysis of

MSMS fragment ion transitions.

Results: Unbiased quantitative proteomics identified numerous highly ecotype-specific plasma proteins.
Abundance differences between marine and FW ecotypes were validated for the great majority of these proteins by
data-independent acquisition and targeted proteomics. Gene ontology enrichment analyses and known functions of
ecotype-specific proteins indicate enrichment of processes controlling cell adhesion, tissue remodeling, proteolytic

processing, and defense signaling in marine sticklebacks.

Conclusions: We conclude that marine and FW ecotypes of three-spined sticklebacks have distinct differences in
proteomes of multiple tissues that reflect their biochemical ecology. In addition to salinity, pathogens, food
availability, predators, and other environmental paramaters could account for those differences and further studies
need to be conducted to identify the specific environmental parameters that are responsible for ecotype-specific
proteomes. The functional characterization of ecotype-specific proteins also represents an exciting future direction

emerging from this study.

Key Words: data-independent acquisition, bony fish, gene ontology analysis, label-free quantitative proteomics,

targeted proteomics
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Abstract

Purpose: During the dry-curing process of ham, peptides and free amino acids are generated in large amounts due
to the intense proteolysis of miofibrillar and sarcoplasmic proteins, contributing to flavor, texture, and final quality
of dry-cured ham. What is more, some of the identified peptides have resulted to exert in vitro Angiotensin-
Converting Enzyme | (ACEI) inhibitory activity as well as an in vivo decrease in systolic blood pressure of
Spontaneously Hypertensive Rats (SHR). The development of methodologies based on mass spectrometry
techniques for the relative and absolute quantitation of the identified antihypertensive peptides is very important for

a better understanding of its generation during dry-curing process and its way of action both in vitro and in vivo.

Experimental description: Small peptides naturally generated during dry-curing of ham were isolated using size-
exclusion chromatography (SEC) and RP-HPLC techniques, and subsequently identified by nanoESI-LC-MS/MS
using a Q/ToF system (Triple ToF 5600, AB Sciex Instruments). The method of ACE inhibitory activity assayed is
based on the ability of ACE to hydrolyze the internally quenched fluorescent substrate o-aminobenzoylglycyl-p-
nitro-L-phenylalanyl-L-proline (Abz-Gly-Phe-(NO2)-Pro).

Results: The sequences of the naturally generated antihypertensive peptides were identified and two different
methodologies were optimized for their quantitation. A label free quantitation methodology based on the replicate
of TIC in a Q/ToF instrument was used for the relative quantitation of those bioactive peptides showing the higher
number of residues, whereas Multiple Reaction Monitoring methodology was optimized using a Q/ion trap

equipment (AB Sciex Instruments) for the absolute quantitation of the smallest peptides.

Conclusions: Modern peptidomic approaches have resulted to be very useful in the identification and quantitation
of naturally generated antihypertensive peptides in dry-cured ham. Main difficulties due to the size, polarity, and

low concentration of peptides in a very complex matrix were solved.
Key Words: antihypertensive peptides, label-free quantitation, MRM, peptidomics.
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Abstract
Purpose: Hydrothermal synthesis of carbon dots from vancomycin for bioimaging and control drug release of
flutamide.

Experimental description: Carbon dots (C-dots) were synthesized by hydrothermal method, at 170°C for 12 hours.
The resultant solution was pale yellow in color. After dialysis for 12 hours light yellow color solution was obtained
which showed bright blue color fluorescence when kept under UV lamp at 365 nm. C-dots loaded with flutamide
(Flu@CDs) was obtained by continuous string of C-dots and flutamide for 3 hours at room temperature. The
synthesized carbon dots were characterized by the UV-visible, fluorescence, life-time, HR-TEM and DLS.

Results: The C-dots exhibit the strong emission peak at 441 nm upon excitation at the wavelength of 351 nm with
the quantum yield of 13.1%. The life time decay of C-dots was calculated as 3.6 ns that can be used as a fluorescent
probe for cell imaging. The C-dots were successfully conjugated with the flutamide drug and release of flutamide
drug was calculated under physiological condition (pH 7.4). The Flu@CDs was found biocompatible towards MCF7
cells with the survival rate of 75%. The C-dots and Flu@CDs were used as fluorescent probes for the cell imaging
of MDA-MB 231 cells and shown good target specific action.

Conclusions: In this work, a simple, facile and low-cost hydrothermal method has been developed for the synthesis
of C-dots from the vancomycin drug as carbon precursor and used as the theranostic agent for the controlled drug
release of anticancer drug of flutamide.

Key Words: Carbon dots, vancomycin, flutamide, fluorescent microscopy, DLS, life-time.
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Abstracts

Introduction and Purpose: Oral squamous cell carcinoma (OSCC), the most common type of oral cancer, arises
from the mucosal lining of the oral cavity and oropharynx, and accounts for more than 300,000 new cases worldwide
annually. Despite intense research and recent advances in diagnosis and therapy, the five-year survival rate (about
50%) for this disease has not significantly changed over the past two decades. The objective of the present study
was to investigate differentially expressed plasma membrane proteins in oral tumors that can serve as potential
biomarkers for prognosis and monitoring of OSCC.

Experimental description: The study was carried out on 12 primary tumors combining liquid chromatography with
Synapt G2 mass spectrometry. We compared large, lymph node metastasis-positive (T3-4N1-2) tumors with both

large, lymph node metastasis-negative (T3-4N0) and small, lymph node metastasis-positive (T1N1-2) tumors.

Results and Discussion: We identified 112 plasma membrane proteins differentially expressed between T3-4N1-2
and T3-4NO0 tumors, and 115 between T3-4N1-2 and T1N1-2 tumors. The T3-4N1-2 group expressed higher levels
of proteins involved in metastasis-related processes, including cytoskeleton organization, cell adhesion and
migration, immune and inflammatory responses, response to wounding, negative regulation of apoptosis, signal
transduction and glycolysis. Furthermore, the results also suggest that tumor size (in addition to lymph node
metastasis) is an important factor influencing gene expression in OSCC. In the future, some of these proteins may

be useful as biomarkers for prognosis and monitoring of oral cancer.
Key Words: oral squamous cell carcinoma, OSCC, plasma membrane proteins, proteomics.
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Abstract

The three Raf kinases (A-Raf, B-Raf and Raf-1) are key players in the EGFR signalling network and frequently
mutated in cancer, with the activating B-Raf V600E mutation being present in about 60% of melanoma. While
targeted therapies towards mutated Raf exist in form of small molecule inhibitors, many patients develop resistance
to these therapies and relapse. Resistance is mainly due to network adaptations that bypass the drug blockade, with

Raf heterodimerization being one of the main resistance mechanism in melanoma.

In order to determine whether signalling via Raf heterodimers is not only quantitatively but also qualitatively
different compared to monomers or homodimers, we have established an inducible dimerization system to generate
stable Raf heterodimers. Using co-immunoprecipitation in combination with quantitative mass spectrometry, we
were able to identify dimer-specific interaction partners of Raf proteins, either in the absence or presence of Raf
inhibitors. We analysed a total of 22 conditions in 6 replicates, identifying ~2000 bona fide protein interactions.
Focussing on interactions that change with dimerization status and drug treatment, we found components of several
novel molecular processes associated with Rafs, many of which are altered in cancer or have been linked to drug
resistance.

The identification of dimer-specific interaction partners strongly suggests that Raf heterodimers affect different
targets compared to monomers. We found novel crosstalk between the MAPK pathway with other important cellular

pathways that may play a role in tumour resistance to chemotherapy.
Key Words: Cancer, MAPK signaling, Raf, heterodimers, quantitative interaction proteomics
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Abstract

Purpose: The aim of the study is to determine the mechanism of action of emodin, an anthraquinone that has been
shown to have anti-cancer properties. However, its mechanism was not yet clear and seemed to be strongly cell type
dependent and their pro- and anti-oxidative properties remained controversial.

Experimental description: Through SILAC based mass spectrometry, we analyzed proteomal changes in four
cancer cell lines and in healthy control fibroblasts. Additionally, we performed an immune-precipitation with
emodin-covered beads and identified bound proteins. In order to extend our study on the mechanism of action in

other eukaryotes, we challenged yeast cells under different metabolic conditions to emodin.

Results: We show that the growth and survival of cancer cells are detrimentally affected by emodin, whereas those
of primary, healthy cells are not. There is however a strong down-regulation of mitochondrial proteins, particularly
mitochondrial complex | protein members in all mammalian cells. Taking advantage of the metabolic plasticity of
S. cerevisiae cells, we demonstrate that yeast cells adapted to fermentation are much more vulnerable to emodin
treatment than yeast cells with high respiratory capacity. This observation might explain why emodin affects more
dramatically cancer cells than control cells, since the first ones prefer fermentative condition, in contrast to the
healthy cells which rely on respiration. Emodin produces reactive oxygen species (ROS) in all treated cells, effect
that can be counteracted by addition of antioxidants to the medium. Immuno-precipitation of emodin-covered beads
showed that the compound binds to enzymes with NADPH-quinol reductase function, known to be involved in

antioxidant detoxification processes.

Conclusions: Emodin triggers death of cells with an inefficient mitochondrial respiratory chain, such as cancer
cells. We have demonstrated the importance of ROS in emodin’s effect on cell survival. Thus, our results suggest

emodin as a potential compound to be employed in cancer therapy.
Key Words: emodin, complex I, cancer, SILAC based mass spectrometry
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Abstract

Purpose: Since the last few years, there is growing evidence that important questions related to human health may
simply not be answered by only studies in the mainstream of laboratory murine models. In this context, there is an
increasing interest on wild animals as a source of new information. The aim is here to present examples where
proteomics applied to exotic species can help understanding how certain animals do support environmental
conditions that would be detrimental to human health.

Experimental description: We examined the impact of different conditions (e.g. food scarcity, weightlessness and
physical inactivity, high-fat diets) on the proteome of various tissues collected from laboratory rodents and also
from wild penguins, space-flown mice, wild bears and selected lines of voles. Because no protein or even genomic
sequence was available for most of these species, we performed both classical database searches and de novo
sequencing followed by Blast searches to identify a maximum of proteins. Quantitative proteomics was then
achieved using a combination of complementary approaches, including 2D-DIGE/MS and label-free MS-based

proteomics (spectral counting and/or on the basis of XICs).

Results: In non-sequenced species, the use of de novo sequencing allowed identifying 20% more proteins in
comparison with the use of only classical Mascot searches. To obtain this result, de novo sequencing was performed

only from high quality spectra as filtered using the Recover module of our software suite (https://msda.unistra.fr/).

In any studied species, hundreds to thousands of proteins were identified (FDR<1%) then quantified, and
automatically classified according to their function. We notably found drastic differences in the plasma proteome
of breeding penguins vs. that of laboratory rats in response to prolonged fasting, in the muscle proteome of mice
after a 30-day space flight vs. that of bears after 5 months of physical inactivity, and in the brown adipose tissue
(BAT) proteome of voles selected for their BAT activity level (high vs. low) in response to a high-fat diet. These
proteomic data provided essential metabolic insights in mechanisms related to modern human pathologies, including

undernutrition, muscle atrophy, obesity and diabetes.

Conclusions: Studying diversity of animal adaptations/responses to environmental constraints can provide new
basic knowledge of importance for biomedicine. To this end, de novo sequencing and quantitative proteomics
strategies offers unique possibilities to provide a number of consistent results.

Key Words: exotic species, de novo sequencing, quantitative proteomics, functional annotations, pathway analysis
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Abstract
Introduction: Along with the generation of the term “magic bullet” by Ehrlich a great concept arises of a cancer

treatment method, where only tumor cells would be killed by an ideal therapeutic agent.

The targeted therapy has become a main goal for conquer cancer. Most therapeutic agents in current clinical use,
such as chemotherapy, radiotherapy, and immunotherapy are not specific for the molecules responsible for human
disease, thus distribution of the drug in the organism results in unwanted side effects. Targeted treatment is based

on specific ligand recognition.

Aptamers are short single-stranded nucleic acids with a defined three-dimensional shape that allows them to interact
with high affinity with a target molecule. They have advantage that they do not induce immunological response.
The low immunogenicity and cellular-targeting properties, together with the fact that they can be chemically
synthesizes in a vast amounts might result in a suitable drugs with low side effects. They can be used for

identification of cell-surface molecules associated with a pathogenic state of a cell.
Purpose: Identification of proteins targeted by aptamers in cancer cells.

Experimental description: We introduced the proteomic studies of aptamers targets in cancer cell lines PC3 and
MCF7. We applied biotinylated forms of aptamers characterized by the strong affinity to streptavidin to isolate
target proteins. We have performed traditional bottom-up proteomic approach to analyze the group of proteins that
bind to A26 and A33 aptamers that can serve as potential metastases molecular markers and targets for selective
chemotherapy. We have found that cell surface receptors and proteins localized inside the cells are capable of
binding A26 and A33.

Results: Molecular targets of aptamers in cancer cells were identified. Based on the presented research we indicate
the importance of the applicability of aptamers in many technologies including selective diagnostics and

therapeutics

Conclusions: Aptamers can be considered as effective tools, since they possess unique properties to aid in cancer

diagnosis, prevention, and treatment.
Key Words: aptamer, proteomics, cancer
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Abstract

Purpose: Oxidative damage to the cellular proteome, leading to the formation of carbonyl groups in proteins derives
from direct oxidation of several amino acids side chains and through protein adducts formation with lipid
peroxidation products and dicarbonyl glycating compounds. All these modifications have been implicated in cellular
senescence, aging and age-related diseases (Baraibar and Friguet, 2013, Exp. Gerontol. 48 : 620-625). However, in
most cases, the proteins targeted by these deleterious modifications as well as their consequences have not yet been
identified.

Experimental description: In this context, quantitative proteomics approaches, including 2D-gel electrophoresis
based methods, represent powerful tools for monitoring at the proteome level the extent of protein oxidative and
related modifications and for identifying the targeted proteins. Based on 2D-Difference gel electrophoresis (2D-
DIGE), we have recently developed a proteomic method called Oxi-DIGE for the detection, quantification and
identification of carbonylated proteins with the potential to be used in any protein containing samples (Baraibar et
al., 2013, J. Proteomics 92 : 63-70). The Oxi-DIGE technology provides a significant improvement in terms of
reproducibility and statistical support of the data for proteomic analysis of carbonylated proteins, which is essential

for the robust identification of proteins targeted by such a scarce modification

Results: The identification of proteins targeted by carbonylation during cellular senescence, aging and age related
diseases showed that they represent a restricted set within the total cellular proteome that fall in key functional

categories, such as energy metabolism, protein quality control and cellular morphology (Baraibar et al., 2012, Oxi.

Med. Cell. Longev.: 919832). Most of the carbonylated proteins identified belong from the cytosol but also proteins
from the nucleus, mitochondria, endoplasmic reticulum as well as the plasma membrane. Interestingly, cross
comparison of these data sets indicates an overlap in the proteins targeted by these modifications to a certain extent.
An important outcome is that several enzymes that catalyze intermediate metabolism, such as glycolysis,
gluconeogenesis, the citrate cycle, fatty acid metabolism have been found as increasingly modified. In addition, by
combining proteomics and metabolomics analyses in human myoblasts upon replicative senescence a strong
correlation was found between the proteins targeted by carbonylation and the impairment of the related cellular

metabolic pathways.

Conclusions: The Oxi-DIGE technology provides a significant improvement in terms of reproducibility and
statistical support of the data for proteomic analysis of carbonylated proteins. In particular, increased accuracy is
provided due to: (i) reduced false positives by using an exogenous synthetic fluorescent tag; (ii) multiplexing, that
is the possibility to run multiple samples on the same gel, (iii) the use of an internal standard on each gel derived

from all proteins samples which can be run on all gels in a set of experiments. These result in diminishing the effects
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of gel-to-gel variation. The resolution of the carbonyl groups is improved, forming distinct spots that can be analyzed
for quantification after 2D-DIGE and further identification by mass spectrometry

Key Words: carbonylated proteins, differential in gel electrophoresis, oxidative stress, aging, age-related diseases.
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Abstract

Infertility is a rising problem and increases the demand for assisted reproduction techniques (ART)!. However, the
coordinated interexchange between the upper female reproductive tract and the gametes and its consequences are
still not fully deciphered and thus, key biological events are not considered in vitro. Under physiological conditions
the female oviduct plays an active part in reproductive processes?. Thereby, the functionality and the modulation of

the oviductal epithelial barrier are central to the generation of the appropriate microenvironment in the organ®.

In this study we focused on the regulatory effect of the early (within the first two hours after insemination)
interaction between semen and the oviductal epithelium in an experimental model. We will here present proteomic
tools and analyses that aimed at: 1.) Identification of epithelial proteins altered by insemination and 2.)
Characterization of the potential role of the semen modulated intracellular pathways in the generation of the required
milieu in the female organ. The obtained data clearly revealed the applicability of an optimized subcellular fraction
approach, focusing on cell surface, cytosolic proteins as well as enriched phosphoproteins for the identification of
semen modulated pathways in the oviductal epithelial barrier. The gained knowledge will further help us to

understand the importance of the interplay between semen and the oviduct for reproductive processes.
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potential HSP105-targeted cancer immunotherapy
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Abstract

Purpose: We previously reported that heat shock protein 105 (HSP105) is overexpressed in a variety of human
cancers, including colorectal, pancreatic and esophageal cancer and has proven to be a novel biomarker for the
immunohistochemical detection of these cancers. We identified HLA-A2 or HLA-A24-restricted cytotoxic T cell

(CTL) epitopes for potential HSP105-targeted cancer immunotherapy.

Experimental description: We used HLA-transgenic mice (Tgm) and the peripheral blood mononuclear cells
(PBMCs) of colorectal cancer patients to identify HLA-A2 and HLA-A24-restricted HSP105 epitopes. In addition,
we investigated by ex vivo IFN-y ELISPOT assay whether the HSP105-derived peptide of CTLs exists in PBMCs

of pre-surgical colorectal cancer patients.

Results: We found that four peptides, HSP105 A2-7 (RLMNDMTAV), HSP105 A2-12 (KLMSSNSTDL), HSP105
A24-1 (NYGIYKQDL) and HSP105 A24-7 (EYVYEFRDKL), are potential HLA-A2 or HLA-A24-restricted CTL
HSP105-derived epitopes. HSP105-specific IFN-y-secreting T cells were detected in 14 of 21 pre-surgical patients

with colorectal cancer in response to stimulation with these four peptides.

Conclusions: Our study raises the possibility that these HSP105 peptides are applicable to cancer immunotherapy
in patients with HSP105-expressing cancer. We started first in human Phase | clinical trial of these identified

HSP105-derived peptides vaccine therapy for advanced esophageal or colorectal cancer patients.
Key Words: cancer antigen, peptide vaccine
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023B-Generating a Proteomic Profile of Neurogenesis from Human Foetal

Neural Stem Cells.

Shaun Garnett, Jignesh Tailor, Susan Kidson, Austin Smith, Kathryn Lilley, Jonathan Blackburn.

Abstract

Traditionally neural stem cells were cultured as neurospheres, a heterogenous agglomeration of neural cells at
various stages of differentiation. This heterogeneity prevented accurate quantitative analysis. In 2008 Sun et al
produced the first non-immortalised human foetal neural stem (NS) cell line from 9 week old human foetal cortex.
These cells are cultured as monolayers, have a radial glia like appearance, self renew and form all three neural cell
types, neurons, astrocytes and oligodendrocytes upon differentiation. More recently human foetal neuroepithelial
like (NES) stem cells have been produced from 5 week old human foetal hindbrain, they resemble neural plate
epithelial, with characteristic rosettes, upon differentiation they form a pure population of neurons. These

homogeneous monolayer cultures allow detailed quantitative analysis of these cells.

Using SILAC we quantitatively compared proteins from proliferating NES and NS cells, cultured under identical
conditions, to better understand the intrinsic differences within the cells. Interesting findings include differences in
Integrins and Signal Transducer and Activator of Transcription (STAT) proteins, affecting how the cells interact

with their environment.

Using Label Free Quantitation a time-course study, describing the molecular changes occurring as these cells
differentiated for up to 12 days, shows distinctive neuronal and glial identity in NES vs NS samples respectively,
concurrent with current literature. Interesting finding include inhibition of EIF2 Signaling in both cell types, and

activation of CREB Signaling only in NES cells, showing differences in translational control.

This work represent a thorough characterisation of non immortalised human foetal neural stem cells, providing a
detailed account of the proteins being expressed by these cells as well as the molecular changes occurring as they
differentiate, it will serve as a useful catalog to better understand brain development, aid in regenerative therapies,

and the use of these cells as model systems for better understanding diseases affecting the brain.

124



ICAP 2015 - Proceedings

024A-SuperQuant: A data processing algorithm for increasing quantitative
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Abstract

Purpose: Biological samples are accompanied by a significant protein complexity. This leads to co-isolation and
fragmentation of multiple peptides ion species in shot-gun proteomics. SuperQuant is a technique that expands on
the complementary approach (matching b,y-ion pairs) of identifying co-isolated peptides. Here we investigate if
SuperQuant allows for additional quantitative information to be obtained from MS1 type quantitative measurements.

This approach was validated and tested using Hela and glioblastoma cell lines.

Experimental description: Human glioblastoma (GMB) and Hela cells were cultured and harvest in three
biological replicates. Peptide samples were dimethyl labeled and mass spectrometry experiments were conducted
using a Dionex Ultimate 3000 n-L.C coupled to an Orbitrap Fusion (ThermoFisher) mass spectrometer. Survey scans
(m/z 400-1,200) were recorded with 120,000 resolution followed by CID-MS/MS (up to 3 seconds) with 15,000

resolution. An algorithm of SuperQuant was implemented in C# and compiled as node in Proteome Discoverer 2.0.

Results: Complementary ion pairs in target MS/MS spectra were intensified and virtual secondary spectra were
generated for each co-isolated peptide present in the isolation window. In order to test the SuperQuant approach we
performed dimethyl-labeling of equal amounts of HelLa cell lysate. Labeled samples were mixed in 10:4:1 (L:M:H)
ratio and analyzed without pre-fractionation. The complexity of MS/MS spectra was tuned by varying the isolation
windows between 1, 2 and 4 Th. Each non-target peptide supported by at least three ion pairs was considered to
represent a co-isolated peptide and used to generate a secondary virtual spectrum. 1.3, 2.5, and 15.3 additional
spectra with more than three complementary fragment pairs were extracted per input spectrum using 1 Th, 2 Th,
and 4 Th, respectively. The optimal performance of SuperQuant was with an isolation width of 2 Th. With this
isolation width the yield in additional peptide identifications was 35% (FDR<0.01). ROC analysis confirmed that
the SuperQuant workflow was capable of identifying more peptides or PSMs at all significance levels. In total, 15%
additional peptides could be quantified with SuperQuant compared to non-processed data. Considering all regulated
proteins in GMB cells, 210 proteins were found differentially regulated using SuperQuant compared to 128 proteins
from standard analysis; 54 proteins were found regulated only with standard analysis, 74 were detected using both

strategies and 136 (106%) were exclusive for SuperQuant.

Conclusions: Deeper quantitative proteome analysis can be achieved by SuperQuant pre-processing of shotgun

proteomics data.
Key Words: Quantitative proteomics, data processing, complementary fragment ions, chimeric spectra
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024B-Quantitative proteomics in human drug metabolism
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Abstract
Purpose: The aim of this study was to develop reproducible, accurate methods for determining the concentrations
of enzymes and transporters involved in human drug metabolism.

Experimental description: We have developed QconCAT-based LC-MS/MS methodology for quantifying the
cytochrome P450 and UGT enzymes and the drug transporters in human tissue. The QconCATSs (artificial proteins
consisting of labelled standard peptides, released by proteolysis) initially did not express in E. coli and methods for
expressing recalcitrant QconCATs were developed as a part of the project. Specifically, we fused the two
QconCATSs (MetCAT and TransCAT which quantify enzymes and transporters respectively) to proteins with known
characteristics. The MetCAT was fused to a QconCAT protein, known to express in inclusion bodies in high yield,
whereas the TransCAT was fused to a soluble construct and expressed in cytosol.

The MetCAT has now been used to quantify the enzymes in a panel of 24 livers, and the TransCAT has been used to quantify

transporters in four intestinal samples. We have also analysed three liver samples using label-free methodology.

Results: Cytochrome P450 and uridine 5'-diphospho-glucuronosyltransferase enzymes are responsible for much of
the metabolism of drugs in the liver, intestine and other tissues. There is, however, substantial inter-individual
variability in their concentrations, as well as variation between groups of individuals (ethnic groups, age groups).
Transporter proteins are responsible for further variations in how a given dose of a drug may lead to different plasma

and tissues in different people and groups.

Our results show wide variation in a population between the levels of the different enzymes, for example CYP3A4,
which metabolizes many important drugs, is present with a range 10.4-262.1 pmol mg™* protein. We determined

several correlations between enzymes, including a positive correlation between levels of CYP3A4 and CYP2B6.

Most recently, label-free quantification has been shown to give broadly comparable results and, in addition, to give

quantification data on other proteins in the samples.

Conclusions: Personalized medicine is crucially dependent on an understanding of the concentrations of drug-
metabolizing enzymes and transporters in human tissue. Quantitative LC-MS/MS is a powerful tool for
understanding these enzymes and transporters, and QconCAT and label-free quantification methods deliver

complementary but consistent information.
Key Words: QconCAT, label-free, quantification (quantitation), cytochrome P450, UGTSs.
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Abstract

Background: Scorpions (Arthropoda, Arachnida) occupy vast territory of the world and their ability to produce and
deliver venoms is an essential factor in this success. Scorpion venom is a very complex mixture of substances, where
peptides are the major constituents with various biological and pharmacological properties. Excluding the
phenomena of intraspecific diversity, it is estimated that more than 150,000 different peptides/proteins expressed in
the venom glands of 1500 different scorpion species.

Experimental description: During the last decade, the cutting edge OMIC technologies of proteomics and
transcriptomics have been largely employed to deeply understand structure and molecular diversity of animal

venoms from various species including scorpions.

Results: To date, using proteomic analyses, there are 5314 unique molecular masses have been identified from the
venom of 27 different scorpions. Mass fingerprinting data clearly showed remarkable differences in the number of
venom molecules (ranging from 60 to 665) between scorpion species. Few of the 5314 molecules were fully
characterized which mainly belonging to neurotoxins, antimicrobial peptides and bradykinin potentiating peptides.
Also, the venom gland proteome of 20 different scorpion species has been revealed using a combination of
transcriptomic and bioinformatics methods and resulting in about 73 thousands ESTs. These sequences are
corresponding to neurotoxins, antimicrobial peptides, housekeeping proteins, hypothetical proteins and a large

number of unassigned types of scorpion venom peptides/proteins.

Conclusions: The main advantages of using transcriptomics in scorpion venomics are: (i) adding new insights about
biological processes taking place in scorpion venom glands; (ii) facilitating the identification of various novel
biologically active peptides and (iii) drawing an accurate image about interspecific and intraspecific venom
diversity. Recent studies of scorpion venomics will be discussed, with special focusing on antimicrobial peptides
derived from scorpion venoms.

Keywords: Scorpion venomics, Proteomics, Transcriptomics, Venom gland, cDNA library, Antimicrobial peptides.
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Abstract
Purpose: Amyloids are fibrillary protein aggregates with cross-beta structure. The one of the main problems in the
field of amyloid biology is the lack of the methods providing fast and simple identification of candidates for

amyloid-forming proteins at the proteomic level. The goal of this study was to develop and verify such method.

Experimental description: We developed a method for proteomic screening and identification of amyloid-forming
proteins (PSIA) [Nizhnikov et al. // PLOS One, 2014, e116003]. In brief, PSIA consists of three main steps: (i)
purification of amyloid-rich protein fractions based on unusual resistance of amyloids to treatment with ionic
detergents, (ii) separation of proteins either by two dimensional difference gel electrophoresis (2D-DIGE) or by
high performance liquid chromatography (HPLC) followed by (iii) MALDI mass-spectrometric identification of

proteins.

Results: Efficiency of PSIA was confirmed by detection of a set of known amyloids including yeast (Sup35, Rnq1l,
Bgl2) and mammalian (PrP, AB). In addition, we tested PSIA for identification of novel amyloid-forming proteins
in yeast Saccharomyces cerevisiae. Three yeast proteins, Apel, Ape4 and Gasl, were identified in detergent-
resistant polymeric fractions obtained in the normal physiological conditions. Subsequent analysis performed by
semi-denaturing detergent gel electrophoresis revealed these proteins do form detergent-insoluble polymers. The

study of ability of these proteins to form amyloid fibrils is currently in progress.

Conclusions: PSIA is really efficient tool both for detection of known amyloids and for identification of candidates
for novel amyloid-forming proteins. It can be used for proteomic screening for amyloids in different organisms,

from bacteria to human.
Key Words: amyloid; prion; MALDI; 2D-DIGE; SDD-AGE; HPLC; protein identification
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Abstract
Purpose: We wanted to extract prostasomal lipid rafts and identify their proteins. Prostasomes are extracellular
vesicles secreted from prostate epithelial cells and they have an unusual lipid composition resembling lipid rafts.

Lipid rafts are ordered membrane domains that can float on a density-gradient of 1.10 g/mL.

Experimental description: Seminal plasma was centrifuged for 30 min at 10,000g and 4°C to pellet possible cell
debris. The supernatant was saved and ultracentrifuged for 2h at 100,000g and 4°C to pellet extracellular vesicles.
The resolved extracellular vesicle pellet was separated from amorphous material on a size exclusion column and
prostasome-containing fractions were monitored and collected. The exosome fraction, i.e. prostasomes, (density
between 1.13-1.19 g/mL) was obtained in a sucrose gradient. A second sucrose density gradient was prepared, this
time containing the detergent TritonX-100 (1%) and a layer of sucrose with the density of 1.10 g/mL. TritonX-100
disrupted the prostasome membrane except for detergent resistant membranes (lipid rafts) that floated on the 1.10
g/mL density of sucrose. Prostasomal lipid rafts were collected and pelleted by ultracentrifugation for 2h at 100,000g
and 4°C. Proteins in the prostasomal lipid rafts were identified by LC MS/MS and Mascot software. The pelleted

lipid rafts were easily solved in aqueous buffer, much like intact prostasomes.

Results: In total, 500 proteins were identified and after our own exclusion criteria of at least one bold red hit, 379

proteins were accounted for.

Conclusions: Several of the identified proteins were involved in formation of intraluminal vesicles. We found
almost complete settings of the ESCRT-I and ESCRT-111 complexes but, we could not identify any member of the
ESCRT-0 complex and only CHMP5 of the Vps4 complex. Additionally, several members of the tetraspanin family

were found.
Key Words: Prostasomes, extracellular vesicles, lipid rafts, LC MS/MS
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behavioral characteristics during emotional stress.
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Abstract

Purpose: Evidence from animal studies has demonstrated that the limbico-reticular complex is initially involved in
emotional responses. The amygdale and hippocampus are the most multifunctional structures of the limbic system.
The reticular formation is directly connected with the emotions due to promote new and significant information to
the different brain regions. To identify the differences of proteomic expression in rat brain caused by emotional

stress we performed comparative proteomic analysis.

Experimental description: Wistar male rats were divided on 2 groups of behaviorally passive and active animals.
Immobilization of rats during 12h (from 9p.m. till 9a.m.) served as a model of acute emotional stress. The protein
expression profiles of hippocampus, amygdale, reticular formation and cortex were studied using by two-
dimensional electrophoresis and MALDI-TOF.

Results: The proteomic analysis showed the down-regulated expression of GFAP, septine-5, calreticulin, alpha-
synuclein, phosphatidylethanolamine-binding protein 1, thiomorpholine-carboxylate dehydrogenase, prohibitin,
glutamine synthetase and up-regulated expression of lactate dehydrogenase, F-actin-capping protein subunit alpha-
2 in different parts of brain depending on behavioral type of rats and the stage of stress.

Conclusions: Thus, individual behavioral features affect the specific pathway of organism response to the stress
and determine an adaptive potential of the organism.

Key Words: brain, emotional stress, comparative proteomics, behavior
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Abstract

Purpose: Cell-free production of proteins and other biomolecules has emerged during the last decade as an
important core technology in the new field of synthetic biology. Lysates of either eukaryotic or prokaryotic
organisms can be employed for the synthesis of particularly difficult proteins such as membrane proteins, large
multisubunit assemblies or highly oxidized proteins. Cell-free expression provides an open and accessible reaction
environment. Additionally, functional properties of the lysate proteomes can easily be modulated in order to

generate ideal conditions for the production of high quality samples of individual target proteins.

Experimental description: Protocols for the preparation of cell-free lysates have been developed and optimized.

Libraries of additives have been screened for the manipulation and optimization of lysate proteomes.

Results: We present strategies for the manipulation of cell-free lysates and reaction conditions for the efficient
production of difficult proteins such as G-protein coupled receptors or enzymes. We further exemplify the
optimization of protein sample quality by directed fractionation of lysate proteomes and selective inactivation of
particular enzyme classes and pathways. Examples focusing on the structural and functional characterization of

membrane proteins will be discussed.

Conclusions: Lysate proteomes for the cell-free production of biomolecules can be adjusted according to the

requirements of individual targets.

Key Words: cell-free expression, bacterial lysates, membrane protein environments, synthetic biology, artificial

proteomes.
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Abstract

Purpose: The tumor interstitial fluid (TIF) that perfuses the breast tumor microenvironment is a novel and highly
promising source of biomarkers for tumor progression. Considering that the protein composition of the TIF reflects
the physiological and pathological state of the tissue, a detailed proteomic-based analysis should provide a
potentially powerful resource for diagnostic biomarker discovery and for identifying more selective targets for

therapeutic intervention.

Experimental description: Here we provide an overview of the features of tumor-associated interstitial fluids, as
well as the significance of the implemented strategies based on recent and updated information obtained mainly
from our proteomic studies of breast cancer.

Results: We collected TIFs from small pieces of freshly dissected invasive breast carcinomas and analyzed them
by gel-based proteomics in combination with matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry, Western immunoblotting, as well as by cytokine-specific antibody arrays. A comparative analysis of
the interstitial fluids from 69 prospective breast cancer patients collected from tumor (TIF) and matched normal
lesions (NIF) allowed to identify a number of abundant cancer up-regulated proteins that are externalised by cells
in the tumour microenvironment and some of them were further validated by using a tissue microarray containing

70 malignant breast carcinomas of various grades of atypia.

Conclusions: The interstitial aqueous phase of breast tumors is a highly promising resource for the discovery of
biomarkers associated with pathological changes in tissues. Proteomic-based profiling of TIF allows one to delve
deeper into the regulatory mechanisms and functions of secretion-related processes in tumor development. The
anomalous externalization of protein molecules that is innate to tumors and the tumor microenvironment, being
associated with cancer progression, offers a valuable source for biomarker discovery and possible targets for

therapeutic intervention.
Key Words: Breast cancer, tumor microenvironment, tumor interstitial fluid, proteomic profiling
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Abstract

Purpose: Tenderness is the main beef meat quality searched by consumers, breeders and butchers. Its large
variability causes dissatisfaction of consumers. So, for the beef sector, it is of major interest to be able to predict
tenderness of the meat of live animals, carcass or cuts. For several years, various scientific programs aimed to
identify proteomic biomarkers for tenderness (Picard et al 2012). They provided a list of biomarkers which are
currently evaluated on new samples in order to confirm their use in a final tool for evaluation of tenderness routinely

on carcass or on live animal.

Experimental description: Proteins extracted from the Longissimus thoracis(LT, fast oxido-glycolytic)and
Semitendinosus (ST, fast glycolytic)muscles were separated by two dimensional electrophoresis according to the
protocol of Bouley et al(2004). Proteins differentially abundant between two groups of extreme tenderness (high
versus low) were revealed by statistical analysis with SameSpot image analysis software and identified by mass
spectrometry. Then, the relative abundance of the 21 proteins potential biomarkers of tenderness was quantified by
the immunological technique dot-blot allowing the simultaneous analysis of large number of samples for one
protein. Multiple regressions based on relative abundances of these proteins were used to propose equations of
prediction for different types of cattle (young bulls, cows, heifers and steers of several breeds).

Results: The protein biomarkers of tenderness are involved in the following biological functions: muscle glycolytic
and oxidative energy metabolism, calcium metabolism, muscular ultrastructure and contraction, oxidative stress,
apoptosis and cell protection. Some proteins such as Hsp70-1B appeared as good biomarker of low tenderness in
different breeds and muscles.Other proteins such as MyHCIIx, LDH-B and small Hsp are appositively correlated
with tenderness in the ST compared to the LT muscle and in Angus compared to Limousinand Blond d’Aquitaine
young bulls (Picard et al 2014). This demonstrates that some mechanisms involved in tenderness are dependant of
the contractile and metabolic properties of the muscles and others are independent of these properties.Accuracy of
prediction equations is also variable according to muscles and animal types. The validated protein biomarkers are
currently used in the development of a prototype for a tool allowing the quantification of the relative abundances of
around twenty proteins on hundreds of samples simultaneously for the evaluation of beef tenderness. This approach

is currently extended to other beef sensory quality traits.

Conclusions: Identification of biomarkers will contribute to the development of innovative production strategies
tailored to the objectives of the beef sector. The ultimate goal is to offer professionals effective molecular tools to

control upstream the quality of their production.
Key Words: Beef meat; Tenderness; Biomarkers; Prediction; Phenotyping tool
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in Histone Modification using Liquid Chromatography-Tandem Mass

Spectrometry-Based Targeted Proteomics
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Abstract

Purpose: Protein methylation at arginine residues is a prevalent post-translational modification in eukaryatic cells
that has been implicated in processes from RNA-binding and transporting to protein sorting and transcription
activation. Three main forms of methylarginine have been identified: NG-monomethylarginine (MMA), asymmetric
NG,NG-dimethylarginine (aDMA), and symmetric NG,NG-dimethylarginine (SDMA). Current methods are able to
predict and determine thousands of methylargnine sites, whereas stoichiometric distinction and quantification of

these methylarginine forms, especially aDMA and sSDMA are still challenging.

Experimental description: Liquid chromatography coupled with tandem mass spectrometry (LC—MS/MS)-based
targeted proteomics is emerging as a promising technique for site-specific quantification of protein modification
using proteolytic peptides as surrogates of proteins. However, the routine targeted proteomics assay can not easily
distinguish the contribution of aDMA and sDMA. In this study, linear algebra algorithms were employed as an add-

on to targeted proteomics to retrieve information on individual dimethylarginine peptides.

Results: A LC-MS/MS-based targeted proteomics assay was first developed and validated for each
dimethylarginine peptide. The linear algebra analysis of aDMA and sDMA was achieved from LC-MS/MS of their
common spectra using an internal standard and a calculated response factor for each peptide. Finally, we applied
this approach to determine the stoichiometry of histone methylation in breast cancer cells and tissue samples

Conclusions: LC —MS/MS-based targeted proteomics assay combined with linear algebra algorithms has a potential

for simultaneously determining various methylated forms in protein modification.

Key Words: Protein methylation, aDMA, sDMA, histone, linear algebra, liquid chromatography—tandem mass

spectrometry, targeted proteomics
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Abstract

Purpose: Epilepsy affects ~ 1% of the human population and despite extensive study, the precise nature of epilepsy
is poorly understood. Recently we have evaluated the levels and types of post-translational modifications (PTMs)
of proteins in surgically removed epileptic brain tissue, which includes seizure onset, irritative and silent zones. The
overall goal of this study was to identify enzymes and metabolites responsible for asynchronization of energy

metabolism.

Experimental description: Tissue used included surgical resections from patients with epilepsy as well as a Kv1.1
KO mouse model of familial epilepsy. Non targeted lipid analysis was carried out on a Bruker Solarix FT-ICR by
LC/MS. Amino acid analysis was performed using the aTRAQ method on an ABSciex 4000 Q-Trap. Proteome
screening for oxidative modification (carbonylation) was performed using 2-D DIGE followed by peptide analysis
on a Thermo Velos Pro LTQ. Adenosine energy metabolites were determined through etheno adduct formation and

fluorescent detection by HPLC.

Results: Our data revealed tissue specific accumulation of oxidatively damaged proteins in the seizure onset zone.
The most significant protein affected was identified as GAPDH, a key enzyme of energy metabolism
interconnecting glycolysis (GP), pentose phosphate pathway (PPP) and tricarboxylic acid cycle (TCA). Moreover,
higher levels of oxidative stress were observed in onset zones. Together with fact that epilepsies which respond
well to the ketogenic diet (KD) have impaired glucose uptake our data suggests that higher level of oxidative stress
impacts GAPDH activity, thus reducing levels of TCA intermediates and resulting in temporal asynchronization of
GP, PPP and TCA, ultimately decreasing ATP levels. This imbalance can trigger an epileptic seizure. Seizures, on
the other hand, can be prevented by supplying cells with TCA intermediates or their precursors such as ketone

bodies in KD treatment.

Conclusions: Energy and redox balance is primarily controlled by GP, PPP and TCA. Under normal conditions
glucose is transformed to pyruvate by GP, producing a small amount of ATP. The vast majority of ATP is generated
in mitochondria through TCA and oxidative phosphorylation which utilizes pyruvate as a substrate. Under oxidative
stress, glucose transformation is diverted from GP to PPP resulting in an increase in cellular reducing power through
increased NADPH formation. Products of PPP are linked to GP through the enzyme GAPDH. Our data indicates
that higher levels of oxidative stress partially inactivate GAPDH, a key enzyme interconnecting GP, PPP and TCA.
This reduces the levels of metabolic intermediates available for TCA, leads to asynchronization of GP, PPP and
TCA, and to a temporal decrease in ATP levels. Imbalance in the pathways involved in energy metabolism and

redox balance, together with low ATP levels, result in neuronal network hyperexcitability. This phenotype can be
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reduced or prevented by supplying cells with TCA intermediates or their precursors, such as the case in KD

treatment.
Key Words: Epilepsy, Energy metabolism, Oxidative damage
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Abstract

Purpose: The study of global protein expression in acute myeloid leukemia (AML) patients by mass spectrometry
(MS) can help identifying differential expression and post-translational modifications of proteins that could
represent disease-related biomarkers for early diagnosis or for improved prognostics and to predict the patient
response to different therapeutics. To optimize the proteome and phosphoproteome coverage of samples from AML
patients by LC-MS/MS analysis, we have tested several methods with different peptide fractionation and

phosphopeptide enrichment strategies.

Experimental description: Peptide samples were prepared with an in-solution digestion protocol, using urea or
guanidinium hydrochloride as denaturant, and with the filter aided sample preparation (FASP) methodology.
Peptide fractionation was carried out with reverse phase/strong cation exchange (SCX) and SCX disks in a stage-
tip. Techniques for phosphopeptide enrichment included metal oxide affinity chromatography (MOAC),
immobilized metal affinity chromatography (IMAC) and sequential elution from IMAC (SIMAC).

Results: From an initial screening of the different samples on a Linear Trap Quadrupole (LTQ) Orbitrap Elite MS,
we found the best proteome coverage with the sequential FASP method, with Lys-C and trypsin as digestion
enzymes, which identified and quantified 3100 proteins from 20 pg of sample. With the same strategy, followed by
a separate MOAC/TiO2-beads enrichment of the two peptide pools, we identified and quantified 2.900
phosphorylation sites from only 250 pg of AML patient sample. On a QExactive HF hybrid Quadrupole-Orbitrap
MS, 5400 proteins and 4000 phosphosites were identified and quantified from these FASP-prepared samples.

Conclusions: To improve the proteome and phosphoproteome coverage of AML patient samples by MS analysis
to discover new biomarkers, testing of different methods can be beneficial. Based on sample preparation
optimization in our laboratory, we have chosen the FASP protocol to prepare AML patient samples for MS-based

proteomic and phosphoproteomic studies.
Key Words: AML, proteomics, phosphoproteomics, sample preparation.
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Abstract

Aims and scopes: It is known that sub-pollen particles (SPP) cause more severe symptoms of asthma than its whole
pollen grain counterparts, due to its smaller size and ability to penetrate deeper into the lungs. To reveal other
possible causes of such more severe asthma symptoms induced by Ambrosia artemisiifolia SPP, its sub-pollen

particle and pollen grain proteomes were characterized and compared.

Experimental description: Protein extract of short ragweed (Ambrosia artemisiifolia) pollen and its SPP were
prepared and subjected to denaturing 2-D electrophoresis. Pollen proteome spots were excised after colloidal
coomassie blue brillinat (cCBB) staining and in gel digested for liquid chromatography coupled with high resolution
LTQ Orbitrap XL hybrid mass spectrometry. Parallel to that, cCCBB stained gels were analyzed and quantified with
laser scanner Typhoon 7000 series and Image 2D Master Platinum 7.0 software (GE Healthcare, USA).

Results: There is statistically significant difference between the contents of major allergen Amb a 1.05 subgroup in
the ragweed whole pollen grains and SPP, the latter being richer in Amb a 1.05 (2 times), in major allergen Amb a
11 (5 times), in minor allergens Amb a 4 (7 times) and Amb a 6 (4 times). The 30 kDa basic antigen group in SPP

(8 times more abundant) needs further investigation.
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Conclusions: Beside its smaller size and hence easier penetrability, short ragweed SPP possess significantly higher
load of major Ambrosia artemisiifolia allergens, Amb a 1.05 and Amb a 11, minor allergens Amb a 4 and Amb a 6

which could contribute to more severe asthma symptoms caused by SPP.

Key Words: Ambrosia pollen, sub-pollen particles, short ragweed, asthma, Amb allergens.
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Abstract

Purpose: Research in the field of quorum sensing (QS) inhibition resulted in the identification of numerous QS
inhibitors (QSIs). But their mode of action and impact on proteome of bacterial pathogens remains unclear. Hence,
the aim of the present study is to find out the molecular mechanism of QSI and its effect on cytoplasmic proteome

of P. aeruginosa PAQO1.

Experimental description: Cytoplasmic proteins of P. aeruginosa PAO1 grown in the absence and presence of 5
Kg of QSI were extracted by sonication. For 2DE, 600ug each of cytoplasmic proteins from control and treated
samples were subjected to isoelectric focusing using immobilized pH gradient (IPG) strips (18 cm, pH 3-10 NL (GE
Healthcare)) at 20°C using standard parameters for 18 h. Then the IPG strips were reduced and alkylated for 20
min. After this step, strips were placed on 12 to 15% gradient sodium dodecyl sulphate-polyacrylamide gels (Ettan
DALT six, GE Healthcare) for the second dimension and electrophoresis was performed. Protein spots were
visualized by colloidal Coomassie brilliant blue G-250. The gels were scanned with Image scanner Il (GE
Healthcare) and the raw images were analyzed using ImageMaster 2D Platinum 7. Experiments were performed in
biological triplicates. More than two fold differentially regulated protein spots were selected for in-gel trypsin
digestion and analyzed using MALDI TOF/TOF (AXIMA Performance, Shimadzu.Biotech). The proteins were
identified by peptide mass fingerprinting using the software tool MS-Fit (http://prospector.ucsf.edu).

Results: Among the detected spots (613), 48 (7.8%) spots are downregulated and 31 (5%) spots are upregulated by
more than two fold. Based on statistical significance (ANOVA 0.05), seventeen downregulated and five upregulated
protein spots were selected for MALDI TOF/TOF analysis. Downregulated proteins are involved in iron transport,
transcriptional regulation, antibiotic resistance, chemotaxis and two component signaling systems. QSI treatment
upregulated the expression of histidine kinase, ABC-transporter protein, putative transcriptional regulator,
hypothetical proteins G655_17540 and PSPA7_1308.

Conclusions: Since iron transport proteins, two-component response regulators and sensor are involved in the
activation of protease, exotoxin A, and pyoverdin biosynthesis proteins in P. aeruginosa, downregulation of above
said proteins by QSI could be a major event in attenuation of virulence factor production. In addition, QSI also
blocked the expression of proteins involved in the pyoveridine and pyochelin synthesis proteins. Most notably,
putative iron-sulfur proteins which are known to express highly in biofilms are significantly downregulated upon
QSI treatment. In conclusion, QSI inhibits the virulence factor production by targeting the iron homeostasis,

pyoveridine and pyochelin biosynthesis pathways.

Key Words: quorum sensing inhibitor; P. aeruginosa PAOL1; quorum sensing.
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Abstract

Purpose: In insects it is known that humoral and cellular immunity plays pivotal role in defending the body against
microbial and macrobial infection. Humoral immunity is provided by activation of immune - associated genes and
its transcripts whereas the cellular immunity is provided by the cells in the circulating haemolymph, the hemocytes.
Recently we showed immuno - competence of the larval integument which forms the primary barrier between
environment and internal milieu through proteomics approach. On the other hand, hemocytes spread over the
parasitic surface and encapsulate it. However, the uzi fly infection induced toxicity in hemocytes leading to
detoxification reactions. We thus elucidated differential immune responses of integumental epithelium and
hemocytes induced through infestation by a dipteran endoparasitoid, Exorista bombycis in the economically

important silk producing insect and a lepidopteran model, Bombyx mori.

Experimental description: Sub cellular responses of integumental epithelium and hemocytes were analyzed by
transmission electron microscopy. Immune responses of integumental epithelium were analyzed by SDS-PAGE,
2D electrophoresis, in-gel digestion and mass spectrometry. Toxic and detoxification responses of hemocytes were
analyzed by SDS-PAGE and mass spectrometry and transcriptome responses by microarray analysis. Gene
expression was performed by Real — time PCR (qPCR) analysis. All data were analyzed statistically using ANOVA,

PCA and regression analysis.

Results: Integumental epithelium showed signs of autophagy and apoptosis and differential expression of associated
genes after the infestaton. Proteomic analysis revealed enhanced expression of innate immunity components of toll
and melanization pathways, cytokines, signaling molecules, chaperones, and proteolytic enzymes demonstrating
diverse host responses. qPCR analysis revealed upregulation of genes encoding cytokine, spatzle, BmToll, and NF
kappa B transcription factors Dorsal and BmRel. NF kappa B inhibitor cactus showed diminished expression when
Dorsal and BmRel were upregulated, revealing a negative correlation (R2= 0.612). The hemocytes showed signs of
toxicity and activation of certain detoxification mechanisms. Microarray and gPCR showed up regulation of genes

associated with detoxification mechanism.

Conclusions: Using Proteomic tools, we showed activation of immune proteins in integumental epithelium which
is a first time report in any invertebrates. Moreover, endoparasitoid — induced toxicity and activation of
detoxification mechanism in hemocytes could be revealed by mass spectrometry and microarray analysis, thereby

exposed the differential responses of two tissues to macroparasitic infestation.
Key Words: immunity; detoxification; mass spectrometry; microarray; Bombyx mori; parasitism.
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Abstract

Purpose: To investigate the total membrane-enriched proteome derived from a cohort of paired tumorigenic and
adjacent non-tumorigenic colon tissues from CRC patients, to identify deregulated proteins associated with CRC,
the individual TNM stages as well as the EGFR status of the CRC tissues

Experimental description: Membrane proteins were extracted by Triton-X114 phase partitioning, separated by gel
electrophoresis, in-gel trypsin digested into 10 fractions and subjected to label-free LC-MS/MS analysis by LTQ
orbitrap XL. Identified proteins were analyzed by advanced pathway analysis to identify proteomes and the

associated networks, based on tumor stages and EGFR expression

Results: Various cancer associated proteins, including CRC-specific proteins, were found to be significantly up- or
down-regulated in CRC tumors relative to adjacent normal tissues. Advanced proteomic analysis identified
networks and pathways such as, immunological diseases, cancer and cell to cell signalling to be up-regulated and
cellular functions, movements and assembly to be down-regulated in CRC tumor.

We further employed a proteomics-driven approach to provide a comprehensive view of the CRC tissue proteomes
and the associated networks, based on tumor stages and EGFR expression.

Among proteomic features distinguishing between early and late stage CRC tumors were Increased expression of
several cytoskeletal proteins, including cytokeratins (KRT2, KRT18, and KRT19), tubulins (TUBB2A, TUBB2B
and TUBBG6), actins (ACTB and ACTBL2) and filamins (FLNA and FLNC), which were significantly
overexpressed in late stage CRC tumors.

Of note was the up-regulation of the signature CRC metastasis-associated proteins, JUP, EPCAM and SDCBP, as
well as cytoskeletal proteins associated with tumor metastasis (ACTB, KRT18, KRT19, TUBB2A, TUBB2B,
TUBBSG, DES, FLNA and FLNC), observed exclusively in late stage CRC tumors, independent of EGFR expression
status. In EGFR* tumors, on the other hand, exclusive EGFR-dependent overexpression of cell adhesion molecules
(CEACAMS, 6 and 7) was observed, exclusive of tumor stage.

A close association between EGFR expression status and tumor stage was also observed through similar expression
patterns of certain cancer-specific proteins. Among these were the exclusive observation of ERBB2 and its
interacting partners (GRB7 and SRC) in EGFR* and late stage tumors (absent in EGFR™ and early stage tumors), as
well as elevated expression of members of heat shock proteins (HSP90OAB1, HSPA1A, HSPD1, HSPAS8 and
HSPD1) in EGFR* and late stage tumors. Similar expression profiles for cytoskeletal (SPTAN1, SPTBN1, TPM1,
TPM3, CAPZAl, CAPZA2, CDH1 and LIM1) and cell adhesion proteins (CTNNA1, CTNNA2, DSG2 and
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LSGALs4) as well as several glycotransferases (FUT3, FUT8 and ST6GALNACL), mucins (MUC2, MUC13 and
FCGBP) and ribosomal proteins were observed in both EGFR* and early stage CRC tumors.

Conclusions: This work provides a detailed map of the altered proteome and associated protein pathways in CRC.
Expression profiles of cancer-associated proteins, including several CRC-specific proteins, involved in tumor
growth, progression and metastasis, influenced by EGFR expression status, tumor stage or both, were identified.
The insights gained from this study may open avenues for a knowledge-driven search for candidate CRC protein

markers.

Key Words: colorectal cancer, membrane-enriched proteome, label free shotgun proteomics, epidermal growth
factor receptor (EGFR), TNM tumor stage
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Abstract

Purpose: Protozoan parasites of the genus Leishmania are the causative agents of leishmaniasis in humans, cycling
between promastigotes in the sand fly mid-gut and amastigotes in phagolysosome of mammalian macrophages.
While much of the molecular mechanism of development inside macrophages remains a mystery, development of
a host-free system that simulates phagolysosome conditions (37°C and pH 5.5, 5% CQO3) has provided new insight
into these processes. Transcriptomic and proteomic analyses indicated that differentiation is a coordinated process
that results in adaptation to life inside phagolysosomes. Quantitative phosphoproteomics revealed extensive
differences in phosphorylation between promastigotes and amastigotes, and identified stage-specific
phosphorylation motifs.

Experimental description: We used Isobaric Tag for Relative and Absolute Quantitation (iTRAQ) to investigate

the dynamics of changes in phosphorylation profile during L. donovani promastigote-to-amastigote differentiation.

Results: These experiments revealed protein kinases that phosphorylate specifically by the differentiation signal at
the beginning of differentiation, but not by either high temperature or acidic pH alone. The results of these analyses
have begun to reveal the molecular basis of differentiation, including a role for protein kinase A (PKA) in its

regulation.

Conclusions: This work constitutes the first genome-scale interrogation of phosphorylation dynamics in a parasitic
protozoa; revealing the outline of a signaling pathway during Leishmania differentiation.

Key words: Parasitic protozoa; phosphoproteomics; development; host-parasite interaction
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Abstract

Purpose: Chemical cross-linking and mass spectrometry (CX-MS) combined with molecular modeling is a
powerful structural MS strategy. Zero-length cross-linkers are particularly useful for refining and confirming
structural models because they provide the most precise distance constraints between cross-linked sites. However,
zero-length cross-linked peptides are difficult to identify, and therefore this method has been used far less frequently
than longer cross-linkers such as the popular amine-reactive homobifunctional reagents. Due the great value and
under-utilization of zero-length cross-link analysis, we have developed methods to enhance its routine application
to diverse biological problems.

Experimental description: Our group has greatly improved in-depth detection of zero-length cross-links by
optimizing mass spectrometry data acquisition for this application, and by developing a software tool, ZXMiner,
specifically for zero-length cross-link identification. The strategy utilizes label-free LC-MS/MS quantitative
comparisons of tryptic digests from zero-length cross-linked samples and uncross-linked controls to identify
putative cross-linked peptide precursors. Spectra from all precursors within 5 ppm of theoretical cross-linked
peptides are compared to predicted cross-linked peptide theoretical spectra. Graphical tools facilitate verification of
cross-link assignments. Resulting high-confidence peptide identifications are then employed to identify novel

interactions and as distance restraints for molecular modeling experiments.

Results: We initially applied this method to large segments of the human red cell protein, spectrin using a Thermo
Orbitrap XL mass spectrometer. The data acquisition method and scoring algorithm were subsequently optimized
on a Thermo Q Exactive Plus mass spectrometer to achieve improved depth of analysis on complex samples. This
method was applied to purified human red cell plasma membranes as a complex physiological model system. Using
a 4-hour gradient without sample fractionation, 57 proteins could be identified by five or more peptides, which
represents a total search space of almost 5 million Da of unique sequence. Representative results identified 65 cross-
linked peptides at an FDR=0. Most cross-links were associated with the most abundant proteins, although 3 cross-
links involved several of the least abundant proteins in the database. The most abundant proteins in the membrane
are the anion exchanger (AE1) and spectrin, which contained 12 and 34 identified high confidence cross-links,
respectively. These data have been used to develop detailed structural models and to map locations of interactions

with other membrane proteins.

Conclusions: CX-MS using zero-length cross-linking can be applied to multi-million Da complexes to identify
novel interactions and to provide precise distance constraints for molecular modeling and development of

experimentally verified structures of large protein complexes.
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Abstract

Purpose: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) result in considerable
morbidity and mortality. While early diagnosis of AECOPD could potentially prevent long-standing complications,
a blood-based biomarker for AECOPD has yet to be implemented in clinical practice. The objective of this study is

to identify plasma protein biomarkers distinguishing AECOPD from convalescent clinical states.

Experimental description: We used multiple reaction monitoring mass spectrometry to quantify 230 distinct
peptides in plasma samples from patients with COPD. This was first performed in a biomarker discovery cohort of
patients hospitalized with AECOPD (LEUKO) and replicated in two AECOPD cohorts (TNF-o. and RTP).
Candidate proteins differentially expressed between AECOPD and convalescent states were chosen using a false
discovery rate <0.2. These were then subjected to an elastic net model whose performance characteristics for
diagnosing AECOPD were evaluated using leave-pair-out cross validation.

Results: 21 proteins were found to be differentially expressed between AECOPD and convalescent states. 18
remained in the final classifier model. Biomarker scores derived from this model were significantly higher during
AECOPD than in the convalescent state (p=0.001). The area under the curve statistics for diagnosing AECOPD
were 0.70 for the LEUKO cohort, 0.72 for the TNF-a. cohort, and 0.72 for the RTP cohort.

Conclusions: A panel of 18 biomarkers can distinguish AECOPD from a convalescent state and may in future

provide the basis for a clinically applicable blood test to diagnose AECOPD.

Key Words: COPD, chronic obstructive pulmonary disease, biomarker, exacerbation, mass spectrometry
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Abstract

Introduction: The current, widely-held mechanism of allostery of hemoglobin (Hb) has been that the changes from
the R-quaternary/tertiary structures of oxy-Hb to the T-quaternary/tertiary structures of deoxy-Hb exert certain
structural constraints on the coordination structure of the heme group, leading to a lower O-affinity of the hemes
and thus that of Hb [1]. However, we found that there is no causal correlation between the static T/R-quaternary
structures and the low/ high O.-affinities of Hb [2]. We explore an alternative mechanism of the regulation of the
ligand-affinity and cooperativity in Hb.

Results and Discussion: The Oj-affinities of free complexes Fe[ll]- and Col[ll]-protoporphyrins with axial
nitrogenous bases in organic solvents are very low (Pso > 102 ~ 10 ® Torr), whereas the apparent O-affinities of
these metalloporphyrins, which are incorporated in proteins such as apo-myoglobin, apo-Hb, serum albumin, etc.,
increase substantially to Psp < 10 ~ 10* Torr, though their coordination structures are apparently unchanged [3].
Such substantial increases in the apparent ligand-affinities of metalloporphyrin-containing proteins are
accomplished by preventing/inteferring with the dissociation of the un-bonded ligand by protein matrix, since the
interior of globin is nearly fully packed by protein matrix. In Hb and Co-substituted Hb (Co-Hb), the dissociation
process of the un-bounded ligand proceeds through the “caged” state [4-6], which can be produced by cryogenic
photolysis of the ligated-states at 4.2K and in which the metal-ligand bond is broken and the un-bonded ligand is
trapped near the bonding site within the globin moietiy. This “caged” state has spectral features distinct from those
of either deoxy- or ligated states of the respective hemoproteins. The apparent ligand-affinities (Pso, Kr, and Kg,
where Psp = 2/[Ky + Kg]) of Hb and Co-Hb are regulated by heterotropic effectors, as observed by Bohr [7] without
detectable changes in either static T-/R-quaternary/tertiary structures of the globin moiety or the
coordination/electronic structures of the metalloporphyrin moiety and thus the ligand-affinity of the
metalloporphyrins themselves [8-10]. The substantial reduction of the apparent ligand-affinities of Hb and Co-Hb
by heterotropic effectors, may be caused by increase in the migration rate of ligands through globin matrix from the
“caged” state to solvent, resulting from the effector-linked, enhanced high-frequency (>GHz) thermal fluctuations
which increase the transparency of the globin matrix toward small diatomic ligands such as oxygen, CO, and NO
[8-10], which may concomitantly reduce the rate of geminate-recombination of the ligand to the metalloporphyrins.
Thus, we structurally identify Monod-Wyman-Changeux (MWC)’s “T”-low- and “R ”-high- affinity- functional
states [11] as high- and low-amplitude, high-frequency (>GHz) thermally fluctuating dynamic states of Hb,

respectively, regardless of its static T-/R-quaternary/tertiary structures [10].
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Conclusion: The ligand-affinity of Hb is regulated through the 4D structural changes (or protein dynamics) induced
by heterotropic effectors [9], rather than the ligand-linked, static T-/R-quaternary/tertiary structural changes, as
proposed by Perutz [1]. Thus, the “caged” state of Hb acts as a critical transition state in regulation of the affinity
for small diatomic ligands in Hb and Co-Hb [10].

Key Words: Allostery, Protein Dynamics, Cooperativity, Hemoglobin
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Abstracts

Whole cell protein extracts contain many different types of proteins resident in an organism at a given phase in its
growth cycle. OMPs, however, are often associated with virulence in Gram negative pathogens and could prove to
be model biomarkers for strain differentiation among bacteria. Whole cell protein and outer membrane protein
(OMP) extracts were compared for their ability to differentiate and delineate the correct database organism to an
experimental sample and for the degree of dissimilarity to the nearest neighbor database organism strains. These
extracts were isolated from pathogenic and non-pathogenic strains of Yersinia pestis and Escherichia coli using
ultracentrifugation and a sarkosyl extraction method followed by protein digestion and analysis using liquid
chromatography tandem mass spectrometry (MS). The mass spectra of bacterial peptides were searched, using the
SEQUEST algorithm, against a constructed proteome database of microorganisms in order to determine the identity
and number of unique peptides for each bacterial sample. Data analysis was performed with the in-house ABOid®
software. The bacterial classification and identification algorithm used assignments of organisms to taxonomic
groups (phylogenetic classification) based on an organized scheme that begins at the phylum level and follows
through the class, order, family, genus, and species to the strain level. The non-pathogenic Y. pestis A1122 strain
used did not have its genome available yet, and thus, data analysis resulted in an equal similarity index to the non-
pathogenic 91001 and pathogenic Antiqua and Nepal 516 strains for both extraction methods. Pathogenic and non-
pathogenic strains of E. coli and the pathogenic Y. pestis CO92 strain were correctly identified with both protein
extraction methods. Overall, proteomic MS proved useful in the analysis of unique protein assignments for strain
differentiation of E. coli and Y. pestis. The power of bacterial protein capture by the whole cell protein and OMP
extraction methods was highlighted by the data analysis techniques and revealed differentiation and similarities

between the two protein extraction approaches for bacterial delineation capability.
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Abstract

Purpose: Acidithiobacillus ferrooxidans can grow at pH 1.5 and it stands copper concentrations of up to 800 mM.
Although the microorganism has a positive inside that retards entrance of protons and other cations, it also possesses
a wide repertoire of strategies to confront metal stress such as presence of a genomic island, a polyP-based Cu-
resistance system and an oxidative stress defence system. The aim of this work was to study the global response of
A. ferrooxidans ATCC 23270 to Cu by using gproteomics.

Experimental description: Changes in the total cell proteins in cells grown in the presence of Cu were determined
by using isotope-coded protein labelling (ICPL).

Results: A down-regulation of porins and the overexpression of new Cu-resistance determinants such as Cu
chaperones and RND efflux pumps were found. Other cellular responses seen were an increased expression of the
enzymes involved in biosynthesis of amino acids with high affinity for copper (histidine and cysteine), a putative
periplasmic disulfide isomerase and proteins involved in peptidoglycan synthesis. In addition, increased levels of

rusticyanin (Rus), a protein related with energy generation, was found in sulfur-grown cells in the presence of Cu.

Conclusions: The results obtained strongly suggest that in response to copper, not only overexpression of canonical
Cu-resistance determinants occurs, but also porins are down-expressed to decrease entrance of the metal to the cell.
In addition, a group of proteins is apparently needed to repair the damage caused by Cu stress on the cell envelope.
Furthermore, the overexpression of Rus in the presence of Cu indicates a possible role for this protein in copper
resistance as well. This knowledge will help to understand the mechanism of copper and other metals resistance in
these acidophiles and it could be used also to select the most appropriate microorganisms to obtain more efficient

industrial biomining processes to recover metals.
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Abstract

Purpose: Cryptobiosis is one of the most sophisticated strategies to cope with harsh environments. For example,
Polypedilum vanderplanki, an African midge, shows a capablity of anhydrobiosis that is the form of cryptobiosis
for withstanding severe desiccation.

The purpose of my talk is to discuss about molecular mechanisms of anhydrobiosis in P. vanderplanki which were

revealed by current omics researches.

Experimental description: Comparative analysis was examinied to reveal the genomic background of desiccation
tolerance. We compared the genomes of an anhydrobiotic midge P. vanderplanki and a congeneric desiccation-
sensitive midge P. nubifer.

Results: We found that the genome of the anhydrobiotic species specifically possesses clusters of multi-copy genes
whose products act as antioxidants and molecular shields to prevent protein aggregations due to dehydration.
Intriguingly, these genes are located in distinct paralogous clusters in the genome except for the classical orthologues

of the corresponding genes shared by both P. vanderplanki and P. nubifer.

Conclusions: Desiccation-specific gene expression systems probably occur in P. vanderplanki by comparing gene
expression patterns between P. vanderplanki and P. nubifer.

Key Words: Cryptobiosis, Anhydrobiosis, Polypedilum vanderplanki, tolerance, desiccation
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Abstract

Organelle proteomics, such as the flagellum, has been one of the most suitable approaches used to identify novel
components and modifications of a given cell, tissue, organ or even organism. Information is usually gained at a
large scale and is very valuable to further understand biological processes of the given compartment. In this
presentation | will talk about a particular subset of flagellar proteins, which happen to be amazingly related to
protozoa virulence in Leishmaniases. As all eukaryotic flagella, the Leishmania flagellum is a protein nanomachine,

but it has a particular way in being arranged to invade human macrophages. Yes, | just said to invade, rather than to

be engulfed or phagocyted by macrophages. Leishmania flagellar apparatus turns the protozoan into an “infection
motor” by means of complex, intricate surface and shallow subsurface features that provide major biological
processes in this trypanosomatid survival and virulence, from motility and cell division, towards invasion and
persistence in host cells. Using conventional proteome assays and computational molecular modeling coupled with
atomic force microscopy (AFM), my research group has studied specific morphological data resulting from protein
structural organization of Leishmania spp. flagellum, gathering information not yet explored neither in a
nanostructured nor in a pathogenic approach for this species. AFM imaging allows detailed visualizations of the
flagellum surface, as can be seen by Figure 1, which, in a 3D-view, shows an undulated surface made of two sided
border-like elevations along all the elongated flagellum and the red arrow illustrates one of these; the inner region
between these two elevations, a major groove, measured around 200nm in average (redline). Figure 1b also shows
a prominent membrane surface of flagellar adhesion zone (FAZ) next to the cell body. The underlying hypothesis
of all such studies is that polymerization and depolymerization of parasite actin and actin motor-associated proteins,
during both processes of motility and host cell entry, might be key events for successful infection, including the
parasite survival within phagosomes. Our reports have revealed an actin-polymerization Leishmania protein,
profilin, and its partner, formin, as involved in axonemal assembly/disassembly, therefore, flagellar dynamics /
remodeling, while Leishmania coronins and Arp2/3 complex are believed to participate in the phagosome formation.
We must recall that Leishmania has differential levels of survival inside phagosomes, suggesting that the survival
of parasites is linked to their ability to be targeted to tight/non-cidal and non-degradative compartments. To what
extent these different killing pathways (delayed or not) are used in a given phagosome certainly depends on various
cellular and environmental conditions (usually a plethora of macrophage receptors at variable proportions that may

influence phagosome fate to variable degrees), including interactions with flagellar proteins here emphasized.

Key Words: flagellar proteins; organelle proteome; molecular modeling; atomic force microscopy (AFM);

phagosome

159



ICAP 2015 - Proceedings

Figure 1. 3D-view images of L. chagasi flagellum. (A) Region within the furrow/groove. There is an undulated surface (arrow)

made of two sided border-like elevations and a measurement of one groove/furrow whole extension (redline). (B) The adhesion
zone (FAZ) to the cell body can be seen (arrow).
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Abstract

The renal Fanconi-syndrome is a disorder of the proximal tubule of the kidney to reabsorb small molecules causing
urinary loss of amino acids, glucose, electrolytes, phosphate, and low-molecular-weight proteins leading to the
clinical consequence of rickets and compromised growth. Most inherited Fanconi-syndromes are due to
mitochondriopathies and we try to analyse the molecular principles underlying these diseases. Recently, we
identified a new form of an autosomal-dominantly inherited Fanconi-syndrome caused by mutation of the
peroxisomal bifunctional enzyme. The single point mutation results in a mis-localization of the protein to the
mitochondria, thereby disturbing mitochondrial energy production. Interaction with the mitochondrial trifunctional
protein leads to impaired B-oxidation and hampered assembly of respiratory chain supercomplexes. Consequently,
ATP-production in the proximal tubule cells is diminished resulting in an energy under-supply of the cellular
transporters, thus causing the renal Fanconi-syndrome. We used a combination of genetic, proteomic and
metabolomic approaches to elucidate the underlying molecular mechanism and cellular consequences of this
disease. Thereby, we identified the first pathomechanism of a mitochondriopathy caused by mis-targeting of an

intrinsically non-mitochondrial protein.
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Abstract

The use of biomarkers as identifiers for early disease detection and diagnosis justifies the high demand of sensitive
and multiple protein detection techniques. Among the potential analytical techniques, multiplexing surface-
enhanced Raman scattering (SERS) offer unique advantages such as ultrasensitive detection down low the
deconvolution times, fingerprint vibrational information of the target molecules, and the possibility of performing
the experiments even in complex biological samples. In this presentation, we will discuss the analytical strategy of

identifying several biomarkers in a complex matrices based on plasmonic bead platforms.
Key Words: SERS, AgNPs, plasmonic, biomarker, multiplex
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Abstract

Purpose: Heat shock protein 90 (Hsp90) is a major hub in the protein network that maintains cellular homeostasis
and function. The qualitative and quantitative changes and rewiring of this protein network in tumor cells make
them vastly dependent on Hsp90, and as a consequence its inhibition creates a profound transformation in the
proteome. Here, we compare and analyze the most recent efforts (from our lab and others) that take advantage of
the druggability of Hsp90 in order to understand the global changes at the proteome level that this inhibition
produces. In addition, the lack of a systematic and proteome-wide study with genetically really comparable and
matched normal and cancer cells that address the differential sensitivities to Hsp90 inhibitors, motivated us to
conduct one.

Experimental description: Compilation and analysis of previously quantitative proteomics reported data of the
perturbed cell proteome upon Hsp90 inhibition. Also we performed an iTRAQ quantitative proteomics analysis of
global proteome changes of normal NIH 3T3 versus Ras-transformed NIH cells treated with 3 different Hsp90

inhibitors (geldanamycin, PU-H71 and pochoxime A).

Results: The considerable impact that the targeting of Hsp90 has on the structure of the cell protein networks shows
that the interactome becomes laxer and presumably less efficient in communicating changes and stimuli to maintain
cellular homeostasis. The transformation of NIH-3T3 cells from normal to tumoral with an oncogenic Ras mutant
establishes a new program of protein abundance that is efficiently targeted by Hsp90 inhibitors. Surprisingly, three

different inhibitors (Geldanamycin, PU-H71 and Pochoxime) affect a characteristic set of actors of this program.

Conclusions: Studies like the one presented here, showing how the human proteome is changed and shaped by
targeting Hsp90, could set the stage for the pharmacoproteomic profiling of responses to sets of different inhibitors
and of cancer types with different molecular backgrounds. These drug-profiling analyses will be essential for the
development of tailored Hsp90 inhibitors for the treatment of different tumor types and for the use in personalized

medicine.

Key Words: Hsp90, Hsp90 inhibition, quantitative proteomics, protein networks, network topology, protein-protein

interactions, pharmacoproteomic profiling
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Abstract

Purpose: Epithelial to mesenchymal transition (EMT) naturally occurs during embryogenesis and tissue repair but
is also involved in cancer progression and metastasis. EMT induces complex cellular and microenviromental
changes resulting in loss of epithelial phenotype and acquisition of mesenchymal properties, which promotes
migratory and invasive capabilities to cells. EMT can be triggered by several factors, including TGF-B, HGF and
PDGF or by overexpression of some transcription factors such as ZEB1, TWIST1, SNAIL and SLUG. We studied
EMT induction using a targeted proteomics approach in different cancer tissues, represented by breast, ovarian,

pancreatic and prostate cell lines.

Experimental description: Proteotypic peptides representing 103 relevant proteins, selected from high throughput
proteomic study of EMT, were selected and synthesized in light and heavy forms to compose our molecular
signature of EMT. Using a 30 minutes MRM method developed in a UPLC-XEVO TQs platform (Waters), we
quantified this multiplex EMT molecular signature using a in adenocarcinoma cell lines that were induced to EMT
by treatment with growth factors or overexpression of the transcription factor SNAIL. Fifty micrograms of total
extracts and conditioned media of cell lines induced (or not) to EMT were processed to obtain tryptic peptide digest

for subsequent MRM analysis.

Results: The method reached a sensitivity of around 50fmol injected, allowing quantification of proteins present at
nanograms/ml in samples. Our data not only validates previous experiments where some EMT markers were
regulated in one ore more cancer cell lines, but also demonstrates important protein alterations that can be considered
tissue specific. For instance, HE4, a promising biomarker for ovarian cancer was extensively modulated in several

cell lines during EMT.

Conclusions: With this MRM method we expect to monitor large patient sample sets in order to validate EMT -

related proteins as potential targets for cancer diagnosis.
Key Words: Epithelial-Mesenchymal Transition, Cancer Metastasis, MRM
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Abstract
Purpose: The aim of this study was to evaluate the effects of several heavy metals on the growth/survival, EPS
production, ultrastructure and protein profiles of the highly efficient extracellular polymeric substances (EPS)-

producer cyanobacterium Cyanothece sp. CCY 0110.

Experimental description: After exposure to different concentrations of metals (Cu?*, Pb?*, Cd?*, or Li*), cell
growth, production of total carbohydrates and RPS (released polysaccharides) and ultrastructural changes were
investigated. Proteomes were compared by two 8-plex iTRAQ studies and results were validated with data from

Western blots, O, evolution and ROS measurements and enzymatic assays.

Results: The heavy metals affected the cells differently, triggering distinctive responses. Concerning chronic
exposure to the metals, the cells were more affected by Cu?* followed by Pb?*, Cd?*, and Li*. The presence of metals
led to remarkable ultrastructural changes, mainly at the thylakoid level. The comparison of the proteomes allowed
to follow the stress responses and to distinguish specific effects related to the time of exposure and/or the
concentration of an essential (Cu?*) and a non-essential (Cd?*) metal. The majority of the proteins identified with
significant fold changes were associated with photosynthesis, CO, fixation and carbohydrate metabolism,
translation, and nitrogen and amino acid metabolism. Unexpectedly, the amount of released polysaccharides (RPS)

was not enhanced by the presence of heavy metals.

Conclusions: This work shows the holistic effects of different heavy metals on the cyanobacterium Cyanothece sp.
CCY 0110. Overall, the results suggest that during Cu?* chronic exposure the cells adjust their metabolism to invest
the spare energy in the activation of metal detoxification mechanisms. In contrast, the toxic effects of Cd?*

accumulate over time suggesting that cells might not have the same capacity to deal with this non-essential metal.

Key Words: Cyanobacteria; Cyanothece; extracellular polymeric substances (EPS); heavy metals; iTRAQ;

proteome
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Abstract

Cigarette smoking is a risk factor for chronic obstructive pulmonary disease (COPD) and cardiovascular disease
(CVD). ApoE™ mice are prone to develop premature atherosclerosis and emphysema making them an ideal model
in which both pathologies can be assessed simultaneously. We evaluated the effects of combustible cigarette smoke
(CS) from a reference conventional cigarette (3R4F) and of the aerosol from THS 2.2, a candidate modified risk
tobacco product (c(MRTP). Female ApoE"- mice were exposed for up to 8 months to either fresh air, CS from 3R4F,
or the aerosol from THS 2.2 or a combination thereof as follows: after 2 months, those exposed to CS were split in
3 groups, continued exposure to CS, switching to THS 2.2, or exposure to fresh air (i.e., cessation), for the remaining
6 months while the other two groups remained unchanged. The mice of these five study groups (fresh air/sham, CS,
THS 2.2, cessation, switching) were exposed for 3 hours/day, 5 days/week, and CS and THS 2.2 aerosol exposure
were adjusted to the same target nicotine concentration of 30 pg/l. For the quantitative analysis of effects on the
lung proteome, lung tissue was collected at months 1, 2, 3, 6 and 8, proteins extracted, and labelled using a TMT 6-
plex procedure. Tryptic peptides were separated on an Easy nanoLC 1000 instrument connected online to a Q-
Exactive mass spectrometer (Thermo Scientific) and analyzed with a custom workflow. The proteomic analysis was
part of a larger systems toxicology assessment framework, which included transcriptomic and lipidomic
measurements and several markers of disease progression including pulmonary inflammation (cell infiltration,
cytokine levels), pulmonary function and lung emphysema. Quantitative proteomics demonstrated an increasing
effect of CS exposure on the lung proteome over time. Proteomics captured the broad biological impact of CS
exposure including effects on immune-system, xenobiotic and oxidative stress, metabolism, and ER stress protein
clusters. In contrast, exposure to the aerosol from THS 2.2 showed only a limited effect on the lung proteome. The
cessation and switching groups showed a comparable decline of the observable effects to sham group levels over
time. With this, quantitative proteomics extended, strengthened, and mechanistically supported the other measured
endpoints. Our work demonstrates the power of including proteomics analyses to study the biological impact of
cigarette smoking and to investigate the mechanisms underlying the benefits of smoking cessation or switching to
a cMRTP.

Key Words: Systems Toxicology, Quantitative proteomics

Correspondence: Julia Hoeng. Philip Morris International, Philip Morris Products S.A., Neuchatel, Switzerland.

E-mail: Julia.hoeng@pmi.com

168



ICAP 2015 - Proceedings

039A-S. aureus specific proteome analysis for the characterization of host-

pathogen interactions

S. Michalik'2, M. Depke?, T.C. Meyert?, A. Murrt?2, M. Gesell Salazar'?, U. Kusebauch?, S. Bader?, Z.
Sun®, R.L. Moritz8, T. Pribyl*, S. Hammerschmidt*, U. Vélker?, F. Schmidt*?

tUniversity Medicine Greifswald, Department of Functional Genomics, ZIK-FunGene Group Applied Proteomics
2University Medicine Greifswald, Department of Functional Genomics, Germany
3University of Greifswald, Department Genetics of Microorganisms, Germany
41SB Seattle, USA

Abstract

Purpose: S. aureus related diseases range from mild to severe infections and proteomics is able to identify key
components important for such diseases. However, general proteome analysis approaches using data dependent
acquisition (DDA) are known to provide lower reproducibility and comprehensiveness when compared to data-
independent acquisition (DIA). A spectral library, which is suitable for the analysis of DIA data, was generated,
benchmarked with a well characterized biological standard data set, and used for an in-depth analysis of in vitro S9

cell and in vivo murine infection experiments.

Experimental description: Protein samples from S. aureus grown under different conditions were extensively
fractionated to obtain a comprehensive proteome map for routine proteomics approaches. The DDA data (N=152)
were collected on a Q Exactive and integrated to provide a spectral library suitable for DIA analysis. The

comprehensive S. aureus DIA library was then used to perform DIA-based proteome studies in vitro and in vivo.

Results: Benchmarking of the S. aureus DIA library, which covers approx. 72% of the S. aureus proteome, reveals
that this library provides very high reproducibility (majority of CVs < 10%) and cross-MS compatibility. When
analyzing 47 Staphylococcus strains, peptides of each strain covered > 80% of our library. Thus the library can be
used as a global staphylococcal DIA library. DIA analysis of murine infection samples revealed up-regulation of
proteins involved in oxidative stress and downregulation of proteins involved in ANTP synthesis and protein
biosynthetic activity, which was confirmed by the S9 cell infection experiments. DIA data allowed a deeper insight

in the pathogen adaption to the host during infection.

Conclusions: A newly generated S. aureus DIA spectral library represents a valuable resource for the scientific
Staphylococcus community. The comprehensive and quantitative DIA data revealed similar adaption patterns of the

pathogen after internalization by non-professional phagocytes and in a murine in vivo infection model.
Key Words: S. aureus, DIA, in vivo, proteomics
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Abstract

Purpose: Identification of the protein translocation pathways required for mitochondrial biogenesis.

Experimental description: Mitochondria originated from a Gram-negative bacterium and only about a dozen
proteins remained to be encoded on mitochondrial DNA. These proteins are mainly hydrophobic core subunits of
respiratory chain complexes, which are inserted with the help of OXA (YidC) machinery into the inner membrane.
The vast majority of roughly 1000 mitochondrial proteins are nuclear encoded, translated in the cytosol and imported
into the organelle. Within the last decade proteomic analysis of purified mitochondria and complexes led to the
identification and characterization of 3 novel import pathways and more then 20 novel components required for
mitochondrial protein biogenesis. Since many mitochondrial inner membrane proteins are derived from bacteria it
was speculated that additionally many mitochondrial precursor proteins are imported into the mitochondrial matrix
and conservatively sorted into the inner membrane with the help of the OXA (YidC) machinery. We developed a
proteomic assay to identify conservative sorted mitochondrial proteins. The conservative biogenesis pathway of
these mitochondrial proteins was proven by their dependence on the import translocase TIM23 with its associated
import motor. In addition, we demonstrate the Oxa-dependent inner membrane complex assembly of nuclear
encoded mitochondrial precursor proteins. Thus, we identified crucial nuclear encoded mitochondrial proteins as

Oxa-substrates by a proteomic approach using total mitochondria.

Results: Conservative sorting — protein import from the cytosol and insertion into the inner membrane with the help

of the OXA machinery inherited from bacteria — represents a general import pathway for mitochondrial biogenesis.

Conclusions: The identification of numerous subunits and complexes required for mitochondrial protein transport

by proteomics allows us to gain novel insight into the functional mechanisms of mitochondrial biogenesis.
Key Words: inner membrane, MIA, mitochondria, outer membrane, OXA, protein transport, SAM, TIM, TOM
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Abstract

Purpose: Concerns about Biosafety of transgenic crops have led Governments to implement regulations to assess
potential risks before genetically engineered crops are approved for commercialization. Each genetically modified
crop regulatory approval is preceded by years of intensive research demonstrating that the crop is safe to humans,
animals as well as other non-target beneficial organisms, plants and environment. In a recent study, we have
demonstrated that the major factor influencing proteomic differences of transgenic vs. non-transgenic plants may
be the in vitro culture stress imposed during plant genetic transformation. This study lead us to question the
dimension of transgenic vs. non transgenic differences as compared with the ones we know that can happen any
time, due to environmental stresses.

Experimental description: In order to answer the above question we have analysed three rice lines (a control, a
transgenic and a negative segregant) along 7 generations after transgenesis using a proteomics (Refraction 2D—
multiplex fluorescence gel electrophoresis technology) and transcriptomics (microarrays - Affymetrix RUSGene
1.1ST ArrayStrip) approach. On the 5" generation we have further induced salt stress (12Ds/m from day 3 until day
15 post-germination) in all lines under test.

Results: We have verified that the proteome of Control, Negative segregant and Transgenic lines become more
similar along generations and that by generation 5, these three lines are no longer discriminated by proteomics.
Since the transcriptomes of the three lines under test were already very similar at generation 3, it is not obvious if
the tendency observed on 2D - Multiplex fluorescence gel electrophoresis data is confirmed by the microarrays data.
Furthermore, proteomic and microarrays results, obtained for the three lines, showed that salt stress has caused a
high number of differentially abundant spots and modified gene expression in the different tested lines as compared

with control conditions.

Conclusions: It was evident, from this study, that environmental stresses may cause far more proteomic/
transcriptomic alterations in food plants than genetic engineering techniques. Since plant foods are mainly field-
cultivated and often subjected to the most diverse environmental stresses, the results of this study allow raising the
question about what is really relevant and what is clearly excessive when designing risk assessment for Genetically

Modified Organisms.
Key Words: Genetically modified organisms, risk assessment, drought stress, rice, proteomics, transcriptomics.
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Abstract

Purpose: Duchenne and Becher Muscular dystrophies are two rare fatal disorders which leads to progressive muscle
weakness and loss of walking ability. Current diagnostic tests fail in estimating progression of the disorder, or effect
of treatment. To develop tools that can aid clinical treatment and care of affected patients we aim to validate

biomarkers that are specific, informative and conclusive, and to develop sensitive and accurate immunoassays

Experimental description: We have developed a workflow for generation of sandwich immunoassays using the
suspension bead array platform, antibodies produced by the Human Protein Atlas project and in-house generated
protein standards. The suspension bead array technology offers besides a high multiplexing capacity, that allows
analysis of hundreds of analytes in hundreds of samples simultaneously, also the advantage of delivering
measurements of high sensitivity

Results: We have in our laboratory developed a work flow for production of recombinant proteins as proteins
standars and an assay for detection and validation of the carbonic anhydrase 3 protein, previously identified by us
as a biomarker for muscular dystrophy. The biomarker has been measured in spike-in samples and performance of
the assay evaluated.

Conclusions: We have developed a workflow for generation of dual-binder immunoassays that facilitates
development of assays for validation and monitoring of biomarkers panels.

Key Words: antibody-based proteomic, suspension bead arrays, sandwich, immunoassays.
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Abstract

Purpose: Chilling injury (CI) constitute a set of physiological disorders causing detrimental effects on quality of
fruits when stored after harvest at low temperatures to retard postharvest ripening and to extend their shelf-life. We
have applied proteomics analysis to identify potential protein markers of Cl and cold stress, and to detect biological

processes affected by CI or involved in the plant organ response to deal with the cold stress.

Experimental description: Fruits (bell peppers and tomatoes) were subjected to postharvest storage and posterior
reconditioning at room temperature (20°C). Storage was performed at a low temperature causing Cl (1 and 2°C
respectively) for one batch of fruits and at a higher non-chilling temperature (10 and 12°C respectively) for another
batch used as control. Physiological parameters were determined, such as electrolyte leakage, ethylene production
by GC-FID, respiration rate by GC-TCD, lipid peroxidation by MDA production, and sugars, organic acids and
ascorbic acid by HPLC-RID/UV. Transmission electron microscopy studies were performed in bell pepper fruit
sections. After extraction proteins were separated by two-dimensional differential in-gel electrophoresis (2D-DIGE)
and proteins spots were identified after trypsin digestion with matrix-assisted laser desorption/ionization time of
flight mass spectrometry (MALDI-TOF MS). The search for peptides was fulfilled in batch mode using GPS

Explorer v3.5 software with a licensed version of MASCOT, using viridiplantae and SGN databases.

Results and Conclusions: A comparative proteomics analysis between fruits stored at chilling and non-chilling
temperatures with posterior reconditioning was carried out. In tomato fruits storage at low temperature was ended
just before visible ClI symptoms appeared, but in bell pepper fruits this storage was extended until development of
these symptoms. The proteomic study has allowed for the identification of processes occurring in fruit biology that
are critically affected by chilling injury such as the activation of stress defense mechanisms starred by stress-
responsive proteins (LEAs, HSPs and PRs), and alterations in carbohydrate/energy metabolism, particularly in
enzymes from glycolysis, TCA and Calvin cycle, but also involved in stress signaling such as GAPDH, OGDH,
INV and aldose-1-epimerase, this last one a potential new protein marker in cold stress. In tomato a remarkable

down-regulation of a chloroplastic ATP synthase occurred, which may lead to depletion of intracellular ATP. In
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bell pepper fruits where Cl progress was more advanced the proteomics analysis revealed alterations in redox

homeostasis, protein abundance in the ascorbate-glutathione cycle is altered and CAT down-regulated.

Key Words: Cold stress; Postharvest; Proteomics; Tomato; Bell Pepper; Carbohydrate Metabolism; Redox

Homeostasis; Stress-responsive Proteins
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Abstract

Ubiquitin is a 76-residue protein that tags proteins and thus regulates numerous intracellular processes. Incubation
of the rat brain mitochondrial fraction with biotinylated ubiquitin in vitro followed by avidin-agarose
chromatography and mass spectrometry (MS) detection revealed direct ubiquitination of extra- and
intramitochondrial proteins. However, the proportion of directly ubiquitinated proteins represented not more than
20% of the total number of identified proteins that specifically bound to avidin-agarose. Profiling of endogenously
ubiquitinated proteins of the mitochondrial compartment by means of affinity chromatography on the proteasome
subunit S5a conjugated with agarose followed by their MS detection revealed 58 individual proteins identified by a
characteristic diglycine fragment of their tryptic peptides. Administration of the neurotoxin 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) inducing symptoms of parkinsonism in mice had a minor effect on the total
number of identified proteins (59) but caused qualitative changes in the proteomic profile. Pretreatment with a non-
peptide neuroprotector, isatin, decreased MPTP-induced neurotoxicity and significantly reduced the total number
of individual ubiquitinated proteins (to 36). Isatin (interacting with a wide range of isatin-binding proteins in the
brain and regulating expression of isatin-sensitive genes) administered to control mice also decreased the total
number of ubiquitinated proteins (to 30).

Conclusions: The qualitative changes in the ubiquitin mitochondrial subproteome suggest that the neuroprotector
effect of isatin is associated with “metabolic immobilization of the brain” induced by interaction of isatin with isatin
binding proteins and altered patterns of ubiquitinated proteins of the mitochondrial compartments and inhibition of

monoamine oxidase (B) as well.
Key Words: mitochondrial subproteome, affinity-based profiling, ubiquitin, isatin, isatin-binding proteins, MPTP
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Abstract

Purpose: Alfalfa (Medicago sativa L.) is known as ‘the queen of forage’ for the high nutritional value of the leaves
but suffers from the poor quality of the stem. Thus it exists space to unravel new potentialities for the usage of its
stem, especially in the field of renewable materials. As important co-factors of many enzymatic reactions in plant’s
metabolism, copper and zinc may be key players involved in the modulation of stem development. Coupling the

different approaches and subcellular studies will allow us to better understand the development of alfalfa stem.

Experimental description: Alfalfa grown under different nutrition conditions (control, copper, zinc and
copper+zinc) for about 4 months. Stems were then divided into three parts: apical, intermediate and basal. For
proteomics, cell wall proteins were extracted according to a 3-steps protocol developed in our group and analysed
by gel-based and gel-free techniques. For metabolomics, freeze-dried ground stems were extracted with
methanol/water (80:20 v/v). The supernatant was evaporated and reconstituted in methanol/water (5:95 v/v). The
thus obtained extract was analyzed in MS1 full scan mode and top 10 MS2, both in positive and negative mode,

using a UPLC-TripleTOF 5600+ system operating with an electrospray ionization (ESI) source.

Results: Stems were first cut after 2 months and allowed to regrow for another 2 months before harvesting in order
to collect more homogeneous material. From both proteomics and metabolomics measurements, it appeared that the
different nutrition conditions were having a less marked effect than the position on the stem (apex, intermediate,
base). Indeed, multivariate approaches were confirming the results of our previous study on stem soluble proteins
where higher similarities were observed between the apical (youngest part) and intermediate stem regions than the
basal one. Gel-based approach allowed the detection of a class of peroxidase present in different isoforms with
various glycosylation events and showing changes in abundance along the stem. An accumulation of beta-
galactosidase was noted in the growing part of the stem while beta-amylase and glucan endo-1,3-beta glucosidase
were particularly present in the oldest stem part. To complete the proteomics approach, the deciphering of
metabolomics data is still ongoing and will be presented together with the impact of copper and zinc nutrition

exerted on the dynamics of the stem.

Conclusions: In this study, a multidisciplinary approach -combining subcellular proteomics and metabolomics- has
been used to get more in-depth information about the dynamics of the cell wall, the fibre quality and the evolution

of the metabolites present in the stem.

Key Words: subcellular proteomics, cell wall, metabolomics
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Abstract
Purpose: Peroxidase activity is known as a general stress marker. According to peroxibase

(http://peroxibase.toulouse.inra.fr/) about 150 class 111 isoperoxidases have been identified in the maize (Zea mays

L.) genome. Membrane bound peroxidases have been identified by our team (Mika and Lithje, 2003, Plant Physiol.
132: 1489-1498; Liithje et al. 2011, Phytochem. 72: 1124-1135). Proteomic approach demonstrated differential
regulation of class Ill peroxidases by various stressors (Mika et al., 2010, J. Exp. Bot. 55: 1343-1349). Thus
measurements of total peroxidase activity may reveal weak changes although single isoenzymes may alter in

abundance and/or dramatically increase in enzyme activity.

The aim of the present work was to study i) peroxidase profiles of different sub-proteomes after cadmium exposure;
ii) verification of plasma membrane localization by GFP-fusion proteins of identified candidates
iii) expression profiles of these peroxidases in different root zones and iv) regulation of the corresponding genes by

different stressors.

Experimental description: After cell fractionation by differential centrifugation, aqueous polymer two-phase-
partitioning and sucrose step gradient, peroxidase profiles of sub-proteomes have been investigated by native PAGE
and non-reducing SDS-PAGE combined with in-gel staining methods (LUthje et al., 2014 Meth. Mol. Biol. 1072:
687-706). Plasma membrane localization has been verified after stable transformation by GFP-fusion proteins in
maize. SYBR green has been used in gPCR for expression profiles in different root zones and expression levels of

genes of interest under control and stress conditions.

Results: Sub-proteomes revealed distinct peroxidase profiles. Peroxidase activities were differentially regulated by
various stressors. Similar results have been found for plasma membrane-bound peroxidases that showed different

expression levels in root zones and differential regulation by applied stressors.

Conclusions: Peroxidases are differentially regulated by various stressors. Although class 11l peroxidases are
suitable as stress markers, detection of total activity will include all isoenzymes, which degrades the quality of the
marker. Peroxidase profiles of sub-proteomes may be more specific as markers compared to total activities. Gel-
based approaches allow identification of single isoperoxidases that may dramatically alter in abundance and/or

enzyme activity in dependence on a stressor.
Key Words: class Il peroxidase, heme peroxidase, oxidative stress marker, sub-proteomics
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Abstract

Egg shells are food and poultry industry byproducts which largely consist of calcareous crust and proteinaceous
membranes that protect embryo and help its development. The shell byproducts have been proposed for various
biomedical, engineering, and agricultural applications. Nutritional supplements of egg shell membrane (ESM)
improve immunity, reduce stress variables in post-hatch poultry. Thus, the objective of our study was to characterize
the proteomic components of the membranes and their possible significance. Membranes were harvested from fresh,
unfertilized brown and white eggs, either separately or in pool, washed exhaustively with distilled deionized water
then extracted with acidified methanol for peptides and a guanidine hydrochloride (GdHCI) buffer for total proteins.
The soluble supernatant from both procedures were dialyzed using 1 kDa membrane and the retentate containing
proteins and peptides subjected to carbamidomethylation, and trypsin digestion for LC-MS/MS analyses.
Additionally, the methanol extract was analyzed with MALDI-TOF-MS and several major peptide peaks purified
by HPLC and characterized by peptide mass finger printing (PMF) and LIFT-MS. The LC-MS-MS data collected
and processed with Bruker data analysis software and searched against NCBI gallus protein database using Mascot/
Proteinscape software. Proteins with combine MASCOT scores above 45 were subjected to functional annotation
using STRAP bioinformatics tool. The MALDI-TOF-MS identified peptides included several derived from a protein
named clusterin that is implicated in protecting against a variety of stress, 4 antimicrobial peptides, including
lysozyme and ovodefensin, and 2 other peptides one, a sporozoite surface-like-, and the other a phosphatase and
actin regulator protein. The brown and white egg membranes showed differences with respect to their ovodefensin
isoforms. The MALDI-MS data was confirmed by LC-MS-MS data of methanol extract. Over 275 proteins were
identified in the guanidine extract which were annotated to defense, structural, binding, motor, signal transduction,
and cytoskeletal organizational functions. Based on the predominance of proteins in both extract, we conclude that
egg membrane matrix proteins provide physical resilience, protection against microbial, and environmental stress,
and possibly provide molecular cue for the development embryo. ESM may provide a platform for oral

immunization of chicks to improve their disease resistance.
Key words: Egg shell membrane, mass spectrometry, proteins, peptides
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Abstract

Purpose: Proteome variability is currently addressed via technologies dominated by various forms of mass
spectrometry (MS), which almost exclusively address quantitative aspects only. One major caveat of the MS
approach is that it misses dynamic changes of qualitative attributes of the proteome. Qualitative changes of the
proteome variability among others, involve genetic code dependent variation such as alternative splicing, allelic
variants and combinatorial variability of multi-chain proteins, while stochastic variability with a less prominent
genetic component include changes in post translational modification, folding variability, degradation, regulated
extracellular processing and complexing. Qualitative changes of the proteome are the sources of epitome variability.
In order to address epitome variability, we generated mAb libraries (Quantiplasma 69 and 300, QP69 and QP300)
directed against 2-10 independent epitopes of major and medium abundant proteins (approx. 70-100) of the human
plasma. For profiling the epitome, we developed biochips running on the Evidence investigator platform of Randox
Ltd. UK. Epitome profiles seem to provide high quality disease specific epitope panels. In order to investigate
potential diagnostic applications of specific epitome profiles we aimed at analytical validation of the QP69 and
QP300 biochips.

Experimental description: Lot to lot, inter-assay, intra assay, day to day and user dependent variabilities were

tested at the level of individual mAb-s on a single Evidence investigator instrument in our laboratories.
Results: results indicate an overall <20% coefficient of variation

Conclusions: Quantiplasma biochips are useful for reproducible epitome profiling and for potential application as
diagnostics.

Key Words: monoclonal antibody proteomics, biochips, epitomics
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Abstract

Purpose: Protein glycosylation is a key post-translational modification present in the majority of cellular proteins
expressed on the cell surface and in the extracellular space. Many studies have associated abnormal expression of
N-linked glycoproteins to various diseases, such as cancer, suggesting that glycoproteins may be used as biomarkers
for cancer diagnosis and/or prognosis. The aim of this work was to identify and quantify up-regulated glycoproteins

in cancer tissue and serum.

Experimental description: The following strategy was adopted in order to focus mass spectrometry-based
proteomics on the detection and quantification of glycoproteins: (i) tryptic digestion of the protein mixture; (ii)
enrichment of glycosylated peptides; (iii) peptide deglycosylation by PNGase F; (iv) analysis of the mixture of
formerly N-glycosylated peptides by nanoscale liquid chromatography coupled to tandem mass spectrometry
(nanoLC-MS/MS). For the enrichment step, either the protocol introduced by Aebersold and co-workers (Tian et
al. Nat. Protoc. 2009) or the protocol described by Larsen and co-workers (Palmisano et al. Nat. Protoc. 2010) were
applied.

Results: The workflow has allowed the identification of differentially expressed N-linked glycoproteins in
colorectal cancer tissue samples compared to paired healthy tissue from 19 patients undergoing colorectal cancer
surgery. Nine of the identified proteins (LH2, DPEP1, Sel-1L, CD82, PAR-1, LH3, S12A2, LAMP-3, OLM4) were
found to be up-regulated in the vast majority of the cohort. Glycopeptide enrichment and mass spectrometry was
also applied to the analysis of cancer-associated proteins present in serum at concentrations below 10 ng/mL. In
particular, over 100 nanoLC-MS/MS analyses could be performed on a prostate cancer sample set, demonstrating
that the workflow can reach a throughput sufficient to fulfill the requirements for the verification stage of biomarker
discovery. In this latter study, low abundance proteins like cathepsin-D and LAMP-2 were found to be present at

higher levels in patients’ samples compared to controls.

Conclusions: Glycopeptide enrichment allows the detection of hundreds of membrane-associated and extracellular
proteins in cancer tissue. When coupled to targeted MS detection, it enables the quantification of low-abundance,

cancer-associated proteins present in serum at concentration levels down to the low ng/mL range.

Key Words: biomarker discovery, N-glycosylation, colorectal cancer, prostate cancer
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Abstract

In recent years, more focus has been placed on the role of small molecular weight peptides in clinical medicine,
mostly for their ability to penetrate cellular membranes, and to interfere with enzymatic functions or protein-protein
interactions. The ability to predict the 3D structures and functions of biological molecules would certainly be useful
in designing therapeutic drugs. Hence, the Resonant Recognition Model (RRM), applied in this study, is a physico-
mathematical model that incorporates signal processing methodology for structure-function analysis of proteins.
The aim of our research is to design and investigate the biological effects of RRM bioactive peptides and their

potential to be applied as therapeutic agents.

Experimental description: The RRM approach was used to design 18-22 mer bioactive peptide analogues of
natural proteins known to possess cytotoxic effects on cancer cells including Myxoma virus (MV); mammalian
interleukins (IL) and tumor necrosis factor (TNFa). The biological effects of RRM-MV; RRM-IL; and RRM-TNF
were investigated on mammalian cancer and normal cell lines. The cytotoxic effects were evaluated by qualitative
and quantitative cell survival methods. In addition non-bioactive peptides lacking the specific RRM frequencies or
peptides with scrambled sequences were also tested as controls. Human apoptosis protein arrays were used to detect
the expression levels of pro-apoptotic and anti-apoptotic proteins in treated versus non-treated cancer cells.
Glycomic arrays and fluorescent microscopy were used to find the potential cellular targets of these peptides in
cancer cells. Furthermore, we also applied the RRM to design short peptides with antimicrobial activity as analogues
for known antimicrobial natural peptides like azurocidin (CAP37) and lactoferrins and evaluated their effect on

Escherichia coli, and Staphylococci including a methicillin resistant S. aureus (MRSA) strain.

Results: The bioactive peptides RRM-MV, RRM-IL, and RRM-TNF produced significant apoptotic/necrotic effects
on B16 mouse melanoma cells, human melanoma MM96L, and COLO16squamous cell carcinoma, PC3 prostate
cancer and MCF7 breast cancer. However, no cytotoxic effects were detected on human red blood cells, normal
skin fibroblasts; mouse macrophages, mouse fibroblasts, and Chinese hamster ovary cells (CHO). Yet the non-
bioactive, control peptides did not cause any cytotoxic changes in any type of cancer or normal cells. The bioactive
peptides were found to be located inside cytoplasmic components in treated cancer cells prior to necrosis stage.
Possible cellular targets were predicted to be specific glycoproteins, however the bioactive peptides have a different
binding specificity to glycans as Sialy Lewis X, gangliosides and mannoses. Furthermore, the azurocidin peptide

analogue had a bacteriostatic antimicrobial effect on all tested bacteria including MRSA.

Conclusions: The RRM is a powerful computational tool to design bioactive peptides with specific biological
functions. Our data indicates that each of the RRM designed peptides possessed the desired biological function

which was conserved in its unique sequence.
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Abstract

Purpose: Glycosylphosphatidylinositol anchored proteins (GPI-APs) in the outer leaflet of the membrane
microdomains, commonly referred to as lipid rafts, play important roles in many biological processes such as signal
transduction, cell adhesion, protein trafficking, and antigen presentation. From a topological viewpoint, elucidating
the presence and localization of GPI-anchor modification sites (w-sites) is important for the study of the biophysical
properties and anchoring mechanisms of these proteins. However, very few reports have actually identified -Sites
of GPI-APs. To enable large-scale site-specific analysis of GPI anchoring, we developed a method that combined

GPI-APs purification and TiO-based affinity purification to identify GPI1-APs by mass spectrometry.

Experimental description: We purified GPI-APs from culture cell lines using Triton X-114 phase separation and
PI-PLC treatment of proteins. Next, we enriched the GPI-anchored peptides using TiO.-based affinity purification
and treated with hydrogen fluoride (HF) after digestion of purified GPI-APs. The HF-treated peptides were
subjected to LC-MS/MS analysis.

Results: Using this method, the number of identified w-sites was increased than our previous method, and a total of
102 w-sites derived from 72 GPI-APs were identified in 19 human cancer cell lines. Several studies argued that the
w-site is restricted to six amino acids with small side chains (Ser, Asn, Gly, Asp, Ala, and Cys). Here, however, we
revealed that other amino acids (Met, Thr, and Val) are also present at o-sites, albeit at a much lower frequency. A
previous study by our group revealed that the GPI-anchor attaches to different amino acids to yield a variety of
protein species. In this study, we found that in 18 of 72 identified GPI-AP had different amino acids at the C-

terminal GPl-anchored sites, yielding different protein species.

Conclusions: We present a proteomic method for the identification of the GPIl-anchored proteome. This method
makes it possible to effectively enrich for GPl-anchored peptides using TiO-based affinity purification. Using this
method, we identified 20—30 GPI-APs from a single cell line. Moreover, this method allowed us to identify 102 -
sites derived from 72 GPI-APs in 19 human cancer cell lines. Thus, our method could be used to elucidate the

mechanisms of GPI anchoring and discover GPI-APs as candidate biomarkers.
Key Words: GPl-anchor, w-site, TiO;
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Abstract

Gluten intolerance or coeliac disease affects 1% of the EU population. Gluten is defined in current legislation as the
protein fraction from wheat, barley, oats or their crossbred varieties and derivatives thereof, to which some persons
are intolerant and that is insoluble in water and 0.5M NaCl'. Regulation 41/2009 established specific requirements
when using the labels "gluten-free" (lower than 20 mg kg*) and "very low gluten” (equal or lower than 100 mg kg-
1) on food products. In support of this regulation an accurate, robust, sensitive and specific method for gluten
quantification is needed to instil confidence in affected consumers. Currently ELISA methodology, based on the R5
antibody, is recognised by Codex Alimentarious and accepted by AOAC International as the first action method for
gluten quantification. However, the main drawbacks of the current ELISA methods are the lack of comparability
and accuracy of measurement results. This has been attributed to a lack of reference materials, unique kit procedures
and the use of different antibodies which may target different analytes. A better definition of gluten is needed to set
the basis for gluten quantification and comparability of measurements. Here, we propose a set of peptides markers
that are specific for wheat gluten. These peptides were identified using a discovery-based proteomics approach and

the specificity of the markers was investigated using a selective reaction monitoring (SRM) based targeted approach.

The discovery strategy identified a potential peptide marker list from a custom protein database. The identity of the
target peptide was confirmed through untargeted LC-MS/MS analyses (Synapt G2, Waters) of a Lys-C/trypsin and
chymotrypsin-digestion of a wheat gluten extract. A qualitative screening SRM method (Xevo TQS, Waters) was
develop based on selected peptides specific for Triticum sp., unique to a single protein and containing
toxic/immunogenic sequences compiled in the celiac disease database (AllergenOnline, FARRP, University of
Nebraska-Lincoln). The SRM method was used to screen gluten-containing cereals (rye, barley, wheat, oat) and
non-gluten containing cereals (corn, rice) and other plant seeds (soy). A potential set of specific peptides for wheat

gluten was identified.

The final selection of peptides represents a wheat gluten fingerprint as all the gluten protein sub-fractions are
represented including LMW/HMW-glutenins, a-, -, y- and w-gliadin proteins. Method performance and validation

as well as 'gluten’ quantification based on selected peptides will be discussed.
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Abstract
Ever since Lord Kelvin has conjectured that atoms are composed of knots in the ether, these peculiar objects have
stimulated the imagination of mathematicians and natural scientists alike. In recent years the field went through a

renaissance and progressed considerably, spurred by the discovery of knotted DNA and proteins.

Even though protein knots are rare, they occur in all kingdoms of life and their topology is typically preserved
amongst homologs. Nowadays, knotted protein structures can even be created artificially, and knotted designs could
in the future be used in the context of protein engineering. In this talk I will provide an introductory overview to the

field and evidence which indicates why the folding of knotted proteins may not be so difficult after all.

Knotted protein structures. From Bolinger et al, PLoS Comp. Biol. 6, €1000731 (2010).
Key Words: knots in proteins, computer simulations, folding
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Abstract
Purpose: We aimed to study the effect of Seasonal Weight Loss (SWL) on the mammary gland secretory tissue

proteome in two goat breeds from the Canary Islands with different levels of tolerance to SWL.

Experimental description: Two dairy goat breeds from the Canary Islands with different levels to tolerance to
SWL were used: Majorera (tolerant) and Palmera (susceptible). Within each breed, goats with the same age and
stage of lactation were divided into two groups: control (constant weight) and underfed (15% liveweight reduction).
At day 22, mammary gland biopsy samples were extracted. Samples (100 ug) were added to 500 pl of Ammonium
Bicarbonate 50 mM, Urea 8M, Thiourea 2M buffer and homogenized, centrifuged and supernatant recovered. Per
sample, 15 pg of proteins were trypsin digested (FASP protocol) and desalted. Peptides were loaded onto everse-
phase C18 columns and analyzed on an LTQ-Orbitrap Velos mass spectrometer. Protein identification and label

free quantification were performed using Mascot (Matrixscience) and Progenesis software (Nonlinear Dynamics).

Results: A total of 1010 proteins were identified, from which 96 proteins were considered statistically different
among groups (fold change > 1.98 and P<0.05). After SWL, there was an increase of proteins related to apoptosis
and stress processes in both breeds. Moreover, both breeds showed a decrease in the number of proteins related to
protein, carbohydrates and fat biosynthesis. When both breeds were compared after SWL, Majorera breed showed
higher expression of immune system related proteins compared to Palmera breed. In contrast, Palmera breed
showed higher expression of proteins related to apoptosis, ketone bodies formation (Fat liver) and protein metabolic

processes compared to Majorera breed.

Conclusions: The two goat breeds have a different metabolism reaction to SWL, highlighting differences
particularly related to the immune system (higher expression in the tolerant breed) and apoptosis (higher expression

in the susceptible breed).

Key Words: Mammary gland, Dairy goat, Seasonal Weight Loss
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Abstract

Prions are hitherto unique infectious pathogens that cause a group of invariably fatal neurological disorders,
Transmissible Spongiform Encephalopathies (TSE). Prions consist of aggregated abnormal conformers of cellular
prion protein (PrP) and propagate by recruiting PrP into seeds of misfolded PrP although the critical interacting
proteins are unknown. We derived a lineage of cell lines with markedly differing susceptibilities, unexplained by
their PrP expression levels, to identify such factors. Transcriptome analysis of prion-resistant revertants, isolated
from highly susceptible cells, revealed a gene expression signature associated with susceptibility and modulated by
differentiation. Several of these genes encode proteins with a role in extracellular matrix (ECM) remodeling, a
compartment in which disease-related PrP deposits. Silencing nine of these genes significantly increased the rate of
prion propagation, whilst cellular differentiation was unaffected, suggesting that the identified gene signature does
not have a direct role in cellular differentiation. Silencing of Papss2 led to undersulfated heparan sulfate and
increased PrP deposition at the ECM, concomitantly with increased prion propagation. Moreover, inhibition of
fibronectin 1 binding to integrin a8 by RGD peptide inhibited metalloproteinases (MMP)-2/9 whilst increasing prion
propagation. In summary, we have identified a gene regulatory network associated with prion propagation at the
ECM and governed by the cellular differentiation state.

Key Words: Prion, neurodegeneration, extracellular matrix, sulfation, RGD, integrin, matrix metalloproteinases
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Abstract

Purpose: Epigenetic modifications of chromatin are essential in the regulation of many biological processes. The
evolutionary conserved histone proteins that are intimately associated with DNA to form the chromatin are pivotal
substrates herein. Until recently, the bulk of research has been very targeted and mainly focused on the amino-
terminal tail of these histones that protrude from the nucleosome and can become modified by a plethora of different
posttranslational modifications (hPTM). By applying the latest in bottom-up mass spectrometry (MS) data
independent acquisition (DIA) strategies such as HDMSE and SWATH, hundreds to potentially thousands of hPTM
combinations can be mapped in a quantitative manner. This will generate a first bird’s eye view of the so-called

“histone code” and allow to get a feel of its cell-wide dynamics.

Experimental description: As these DIA strategies are label-free quantitative approaches, minimizing technical
variability is of the essence. Optimized histone extraction and chemical derivation protocols now allow to initiate
the fine-tuning of acquisition parameters as well as to tackle the challenges of identification and quantitation during

data analysis of these complexly modified peptides.

Results: Histone extraction can be done by direct acid extraction on a frozen cell pellet, without any significant
differences in protein content or PTM profile compared to more elaborate protocols involving nuclear isolation.
Both 1D PAGE and conventional data-directed acquisition (DDA) however caution that different cell types might
require different extraction protocols. During chemical derivation, wherein lysines are blocked for tryptic cleavage
by propionylation, several side reactions, such as overpropionylation at S, T or Y and amidation at carboxylic acid
groups should (and can) be avoided. Using these technical insights we have now defined the “baseline variation” of
the histone epigenome in the progenitor THP1 cell line as a first step to quantifying all the changes following
induced differentiation.

Conclusions: While holding great potential, as seen by the thousands of precursor peptide masses found in histone
extracts, the main challenge now lies in annotating these complexly modified peptides. We are currently validating
the potential of using prior knowledge to significantly reduce the combinatorial explosion of the search space found

when trying to search the 20 different known hPTMs simultaneously.
Key Words: Histone code, posttranslational modification, Data independent acquisition MS
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Abstract

Prostate Specific Antigen (PSA), a biomarker of diagnosis and clinical management of prostate cancer (PrCa) is
suboptimal. Better biomarkers to assess risk, detect PrCa early, anticipate and monitor the clinical
behavior/progression of PrCa are required. In the PSA testing era, lack of sensitivity and specificity, combined with
inability to define a true ‘cut off” in biomarker concentration leads to under and over diagnosis with resultant
suboptimal treatment. We have utilized an innovative multidimensional liquid chromatographic-mass spectrometric
approach to discover, validate and qualify PrCa proteomes based on our original proteomics method (Garbis, SD,
et al, Anal Chem, 2011). Such a method allowed the in-depth proteome analysis of non-depleted serum able to
capture secreted and lipid microvessicle/exosome derived proteins. Improvements made to this method allowed the
higher throughput analysis against individual sera samples, derived from 28 volunteers with full compilation of
tumour clinical features and clinical outcomes. The comparison of their proteomes identified unique protein panels
to discriminate between the healthy, BPH, T1/T2 indolent, T1/T2 aggressive, T3/ T4 aggressive PrCa clinical stages.
Using machine learning based and multi-linear regression algorithms, the optimal combination of protein
biomarkers and clinical variables was identified for the confident classification of patients. This resulted in the
distillation of the top-20 modulated proteins with unsurpassed clinical specificity and sensitivity and constituted our
“serological prostate cancer molecular signature” with potential clinical utility in the prediction of aggressive PrCa.
Additionally, such a signature constitutes the basis for the development of disposable point-of-care diagnostic Kits

for the monitoring of its disease progression.
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Abstract
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Introduction and Purpose. The methodological bricks of subclinical diagnostic and predictive protocols should
include basic algorithms to differ essentially from those employed in traditional clinical practice, i.e., (i) to confirm
a diagnosis of subclinical stage of the disease course. In this sense, among the translational biomarkers, antibodies

(Abs) are the best ones and thus key mediators of inflammatory responses to generate the events.

Most of autoimmune disorders including multiple sclerosis (MS) are preceded by a subclinical stage in which the
patients can be identified by autoAbs. Abs against myelin basic protein/MBP endowing with proteolytic activity
(Ab-proteases) are of great value to monitor demyelination at either of the stages. Ab-proteases are multivalent
immunoglobulins (Igs) endowed with a capacity to provide a targeted proteolytic effect on the antigenic (Ag)
substrate. The examples of Ab-proteases were IgG found in bronchial asthma (BA), hemophilia; autoimmune
myocarditis (AIM) and antithyroid autoAbs.

Results and Outcome. Anti-MBP autoAbs from MS patients and mice with EAE exhibited specific proteolytic
cleavage of MBP. The activity of the latter markedly differs between: (i) MS patients and healthy controls; (ii)
different clinical MS courses; (iii) EDSS scales of demyelination to correlate with the disability of MS patients to

predict the transformations prior to clinical changes.

Ab-mediated proteolysis of MBP results in generating a set of peptides with MW ranged in various but fixed
boundaries to suit common principles of the molecular architectonics of MBP. The sequence-specificity of Ab-
proteases demonstrates five sites of preferential proteolysis to be located within the immunodominant regions of
MBP. Two of them falling inside the sequence covering 81-103 peptide and its 82-98 subsegment as well, with the
highest encephalitogenic properties to be attacked by Ab-proteases in MS patients with the most severe
(progradient) clinical courses. Meanwhile, sites localized within the frame of 43-68 and 146-170 segments whilst
being less immunogenic happened to be EAE inducers very rare and were shown to be attacked by Ab-proteases in

MS patients with moderate (remission-type) courses.

The activity of Ab-proteases was first registered at the subclinical stages 1-2 years prior to the clinical illness. About

24% of the direct MS-related relatives were seropositive for low-active Ab-proteases from which 38% of the
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seropositive relatives established were being monitored for 3 years whilst demonstrating a stable growth of the Ab-
associated proteolytic activity. We see also low-active Ab-proteases (to target 43-68 and 146-170 sequences) in
persons at MS-related risks (at subclinical stages of MS), and primary clinical and MRT manifestations observed
were coincided with the activity to have its mid-level reached. And registration in the evolution of highly
immunogenic Ab-proteases to attack 81-103 and 82-98 sequences predominantly would illustrate either risks of

transformation of subclinical stages into clinical ones, or risks of exacerbations to develop.

Conclusions. The activity of Ab-proteases in combination with the sequence-specificity would confirm a high
subclinical and predictive (translational) value of the tools as applicable for personalized monitoring protocols. Ab-
proteases can be programmed and re-programmed to suit the needs of the body metabolism or could be designed
for the development of principally new catalysts with no natural counterparts. By changing sequence specificity of
the Ab-mediated proteolysis one may reach reduction of a density of points of the negative proteolytic effects within
the myelin sheath and minimizing scales of demyelination. And, Ab-mediated proteolysis could thus be applied to
isolate from Ig molecules the efficient catalytic domains directed against particular autoimmune epitopes
pathogenically and clinically relevant (encephalitogenic epitopes). Further studies on targeted Ab-mediated

proteolysis may provide a translational tool for predicting demyelination and thus the disability of the MS patients.

Correspondence should be sent to: Dr Sergey Suchkov, MD, PhD E-mail: ssuchkov57@gmail.com

195



ICAP 2015 - Proceedings

049A- Fifteen years of proteomics of developmental wheat grain.

G. Branlard, E. Bancel, T. Bonnot, J. Boudet, M. Dardevet, M. Merlino, I. Nadaud, C. Ravel

INRA UMR1095 GDEC-UBP, 5 chemin de Beaulieu, 63 039 Clermont Ferrand, France

Abstract

Purpose: the aim of the present lecture is to report on several studies that were carried out in our group to understand
differences in grain composition and quality associated with genetic and environmental factors; studies all based on
proteomics analysis of the developing grain of bread wheat (Triticum aestivum L.). A first group of studies focused
on the major proteomics events occurring either in endosperm, or peripheral layers (PL) and aleurone layer (AL)
during developing wheat grain (DWG) grown in normal conditions. A second group of studies was aimed to analyze
the influence of high temperature and heat stress on proteins and starch accumulated during DWG grown in
controlled conditions. The proteomic approach was also used to map grain proteins in mapped segregating progenies
or in analyzing specific translocated material. Finally subcellular organites like starch granules (SG) and currently
nucleus (N) were successfully analyzed through proteomics approach to better understand the genetic and

environmental factors associated to wheat grain composition and properties.

Experimental description: Whatever the growing conditions wheat grains were harvested each time on the mid
part of the ear. Specific endosperm protein extraction was used for albumins-globulins, amphiphilics, storage
proteins as well as for proteins in specific tissues like PL, AL or associated to SG and N. Diversity of proteins was
revealed using 2DE with a focusing on 24 cm long immobiline strips for the first group of studies on DWG and 18
cm for most of the other studies. Gels were CBB stained, scanned and analyzed using dedicated powerful software
like Melanie-3 (GeneBio, Geneva, Switzerland) and Samespots (Nonlinear Dynamics, UK). Trypsic digestion,
Maldi-Tof or MS/MS mass spectrometry and data mining for protein identification were performed as described in

our published papers.

Results: Some important outcomes of studies are presented: analysis of the albumins-globulins in the developing
isolated endosperm (isolated AL) over 21 (15) stages revealed 9 (7) major profiles of protein expression and 17 (26)
different biochemical functions. Analysis of storage proteins (SP) revealed four major phases during protein
accumulation. Environmental growing conditions strongly influence grain composition. Proteome of the living AL
of the three major wheat species (T. aestivum, T. durum and T. monococcum) exhibited however a remarkable
stability over different growing environments. High temperature (HT) during DWG strongly reduced expression of
some major enzymes associated with starch synthesis, whereas there was a dramatic increase in enzymes associated
with stress defence and protein folding. HT significantly decreased the amount of individual gliadin and glutenin
spots but the ratio gliadins/glutenins may not be affected by HT. HT during WGD and grain hardness may induce
the unfolding protein response; dramatically increasing the glutenin polymers size and reducing the bread loaf

volume.

Conclusions: The studies revealed the major phases occurring during DWG, the major proteomic events associated
to starch and protein accumulation in response to HT stress and highlighted the need to better understand the gene

expression and regulation mechanisms through the nucleus proteome analysis currently investigated in wheat grain.

Key Words: wheat quality, heat stress, glutenins, gliadins, endosperm, aleurone layer, starch granules, nucleus.
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P1-Comparative proteomic profile between transgenic and non-transgenic

soybean seeds by 2D-PAGE

B. K. de Campos®?, M. A. Z. Arrudal?

1. Spectrometry, Sample Preparation and Mechanization Group —GEPAM, Institute of Chemistry, University of
Campinas —-UNICAMP, P.O. Box 6154, Campinas, SP 13083-970, Brazil.
2. National Institute of Science and Technology for Bioanalytics,Institute of Chemistry, University of Campinas —
Unicamp,P.O. Box 6154, Campinas, SP 13083-970, Brazil.

Abstract
Purpose: Evaluate possible differences in proteomic map between transgenic and non-transgenic soybean seeds
varieties (RR 7511 and 8200, respectively) due to change in its genome by the insertion of cp4EPSPS gene, which

confers to the soybeans tolerance to glyphosate.

Experimental description: A proteomic approach based on 2D-PAGE separation to identify alterations between T
and NT profile was used. The soybean seeds proteins were extracted using a buffer (50 mmol L de Tris-HCI, 1,5
mmol L KCI, 10 mmol L2 DTT, 1,0 mmol L* PMSF e 0,1 % SDS (m/v)) and its precipitation performed with
ammonium acetate 0,1 mol L. The precipitate was solubilized in a specific buffer and quantified with a 2D Quant
Kit (according to the manufacturer's instructions). A total of 500 ug of protein, was applied to immobilized pH
gradient strips (pH range 4-7) and they were rehydrated at room temperature for at least 12 h. Isoelectric focusing
was performed for a total of 14,300 Vh. The second-dimension separation was carried out at 25 mA per gel and 100
W on 1-mm 12% (w/v) SDS polyacrylamide gels. After separation, the gels were stained with colloidal Coomassie
brilliant blue. The gels were scanned using an ImageScanner Il and the images processed by ImageMaster 2D

Platinum 6.0, which allowed the estimation of the number of spots, the pl values and molecular mass of the proteins.

Results: The proteomic profile of T and NT seeds is different, thereby more than 20% of concentration of total
protein was found in T seeds. Additionally, throughout the 3D evaluation, 14 different spots were found in the T
and only 3 in NT seeds, as exemplified in Figure 1. This indicates that protein synthesis was different between T
and NT soybeans. Intensities of the differentials spots were also observed. For a more accurate assessment, a
quantitative analysis by 2D-DIGE will be performed to assess these changes. As future prospects, we will also

quantify and identify these alterations in the proteomic profile and then propose a biochemical pathway.

(A)

Figure 1. Differential spots (proteins) observed in same region of gel (A) non-transgenic and (B) transgenic soybean seeds.

Conclusions: The insertion of gene cp4EPSPS in soybean may be changing not only their genome but also their
proteomic profile, thus most probably affecting future generations of plant. Regarding to the human food safety, no

case has been reported however bioaccessibility tests need to be performed.

Key Words:Soybean, Organism Genetically Modified, Transgenic, Proteins, Proteomics, Electrophoresis.
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P2-Development of methodologies for the metabolic profiling of biomarkers

in blood serum by LC-MS and GC-MS
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Abstract
Purpose: Development of methodologies for the metabolic profiling of biomarkers in blood serum by GC-MS and
UPLC-MS (negative and positive ion mode).

Experimental description: A Waters Acquity UPLC-ESI-QQQ-MS equipped with a Kinetex C18 column was
employed for LC analyses. Initial preparation of blood serum was performed by depletion of abundant proteins by
precipitation with organic solvent. GC-MS analyses were performed on a GC-EI-Q-MS (Agilent Technologies)
equipped with a HP-5 column. Initial sample preparation was performed by derivatization with methoxylamine
hydrochloride and silylation with BSTFA with 1% TCMS. The number of peaks was selected as the most important

variable for selection. Data treatment was performed employing the open-source software MzMine 2.13

Results: Optimized conditions for LC-MS with ESI+ achieved the detection of 121 different ions (number of peaks
increase of 1008.3%), namely: MS tune parameters: capillary voltage of 0.5 kV, cone voltage of 50 V, extractor
voltage of 3 V, source temperature of 100°C, desolvation gas flow of 100 L/h, scan time of 0.7 s and others;
chromatographic parameters: mobile phases - 0.1% formic acid in water and 0.1% formic acid in acetonitrile;
gradient elution - 10 to 90% of aqueous phase in 20 minutes (concave profile); sample injection - 6.5 uL; flow -
0.65 mL/min; temperature - 40°C; sample preparation - 600 pL of room temperature methanol and acetone 1:1 (v/v)
for 300 pL of blood serum followed by vortex and centrifugation for 10 min, evaporation of 600 pL of the
supernatant under nitrogen flow and ressuspension in 150 uL of aqueous phase. In ESI-, 37 ions were detected under
the conditions optimized so far (humber of peaks increase of 148%), namely: MS tune parameters: capillary voltage
of 1.0 kV, cone voltage of 30 V, extractor voltage of 3 V, source temperature of 140°C, desolvation gas flow of
600 L/h, scan time of 0.18 s and others; chromatographic parameters: mobile phases — water and organic 0.1%
formic acid in acetonitrile; sample preparation - 1200 pL of room temperature methanol for 300 puL of blood serum
followed by vortex and centrifugation for 10 min, evaporation of 1100 pL of the supernatant under nitrogen flow
and ressuspension in 150 pL of aqueous phase. Optimized conditions for GC-MS until the moment resulted in the
detection of 60 ions, which corresponds to an increase of 1000% regarding the initial conditions, namely: initial
column temperature of 100°C for 0.5 min, 10 °C/min until 300°C.

Conclusions: Optimization of LC-MS and GC-MS conditions for metabolic profiling of blood serum is underway.
Conditions optimized so far have provided maximization of the number of detected peaks, which may aid to the

search for metabolic biomarkers of several diseases.

Key Words: metabolomics, metabolic profiling, blood serum, biomarkers, LC-MS, GC-MS
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P3-Comparative evaluation of extraction methods for UPLC-ESI-QTOF MS

analysis of lipids from human blood serum
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Abstract
Purpose: The aim of this study was to perform a comparative evaluation of lipid extraction protocols from human

blood serum using different chromatographic columns by UPLC-ESI-QTOF MS.

Experimental description: The evaluated extraction procedures included three liquid-liquid extraction techniques
optimized for lipid profiling: i) modified Folch method, ii) Bligh and Dyer method, and iii) MTBE method. Modified
Folch method consisted in adding 150 pL of methanol (MeOH) to 20 pL of serum sample and vortexing the mixture.
Subsequently, 300 uL of chloroform (CHCIs) were added and the mixture was incubated for one hour in a shaker
before we induced phase separation by adding 125 uL of an aqueous solution of NaCl 0.15 mol L-1. The mixture
was centrifuged for 10 minutes at 8000 g at 10 °C and the lower (organic) phase was collected. For Bligh and Dyer
extraction, 30 uL of serum were mixed with 360 uL of CHCIlsand 180 uL of MeOH. The phase separation was
achieved by adding 120 uL of water, the mixture was centrifuged for 10 minutes at 8000 g at 10 °C and the lower
(organic) phase was collected. MTBE method was performed by adding 150 pL of MeOH to 20 pL of serum sample
and vortexing the mixture. Subsequently, 500 puL of methyl tert-butyl ether (MTBE) was added and the mixture was
incubated for one hour in a shaker before we induced phase separation by adding 125 pL of water. The mixture was
centrifuged for 10 minutes at 8000 g at 10 °C and the upper (organic) phase was collected. All collected phase in
each extraction was dried to complete dryness with liquid nitrogen, and then reconstituted in the proper mobile
phase for lipid profiling analysis. Additionally, the chromatographic separation of the lipids was performed with
three different columns (Cs, C1s, and HILIC), using UPLC-ESI-QTOF MS in positive and negative ionization mode.
For all the analyses, a 1290 UPLC (Agilent) and a 6650 QTOF mass spectrometer (Agilent) were used.

Results: The results of this study show which extraction method is more efficient and which chromatographic
column is more selective in the lipid profiling analysis of serum samples. It was considered four criteria to compare
the extraction protocols: overall extraction coverage by comparing the number of identified peaks and the sum of
the peak intensities, reproducibility of lipid quantifications, similarity of metabolite profile based on multivariate

statistics and the specificity of extraction methods by comparing the peak abundances for each lipid class.

Conclusions: With the results obtained by lipid profiling analysis, we could compare the efficiency of each type of
extraction using different chromatographic columns by UPLC-ESI-QTOF MS. The results from this preliminary

study will be further applied in the search for bipolar disorder potential lipid biomarkers.

Key Words: Extraction methods, Lipid profiling, Serum and UPLC-MS.
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P4-Database of proteins regulated by morphine addiction

A. Bodzon-Kulakowska!, T. Padrtova?, A. Drabik®, J. Ner?, P. Suder?
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2Department of Chemical Drugs. Faculty of Pharmacy. The University of Veterinary and Pharmaceutical
Sciences. Palackého 1-3 Brno, 61242 Czech Republic.

Abstract

Purpose: Drug addiction becomes more and more serious problem of the modern societies. This is the reason why
different laboratories worldwide are interested in reveal the molecular bases of this phenomenon. Morphine is a one
of the well-known opioids which, because of their ability to cause euphoria, well-being and relaxation, is illegally
used and may cause addiction. Proteins are the main “bricks” of the living organisms and changes in their
expression, caused by drug administration, may be revealed by proteomics studies. The problem is that there is a
huge amount of different studies devoted to addiction, and hundreds of proteins are indicated as involved in the
process. So it is hard to find those proteins, which would be the most interesting from the pharmacological point of
view and may act as potential therapeutic targets.

Experimental description: To overcome the problem of huge amount of proteomic data connected with addiction,
we created the database of proteins which expression is affected by morphine administration (www.addiction-

proteomics.org). Data were collected form 24 articles describing this problem, published up to date (1.04.2015).

Results: Database collects the information from 24 articles, published up to date, about proteomics studies in
morphine addiction. Single record in the database contains protein name, its function and accession number,
taxonomy of an animal used during the study, and information about the sample that was used (tissue, cell culture,
cellular fraction). Additional information about the way of administration, dose of the drug and time of exposition
are also included. Details about proteomic experiment including the type of proteomic platform (2D gel
electrophoresis with staining method and software for analysis, 1D gel electrophoresis with antibody, or ICAT) and

mass spectrometry methodology are described.

Conclusions: Gathered data revealed the dynamic nature of observed proteomic changes and indicate different
molecular pathways that are involved in the whole process. We hope that this database will help to find the key
proteins engaged in the drug dependence phenomenon, which in the future may be the main aim of potential
anti-addiction therapies.

Key Words: morphine, addiction, proteomics, database.
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Abstract

Purpose: Mass spectrometry world is full of different data formats. Lot of them is proprietery and common users
need to install proprietary software to see the data in understandable form. This approach is forced by mass
spectrometry machine and device producers. These big companies have an excelent support service, only if you are
using their data formats. If you want to work with different data formats, because your colleague is not working
with the same machine, you have a problem. From user point of view it is neccesary to create interactive tool, which
offer way how to deal with wide range of data formats in mass spectrometry. From these reasons, we develope
BiowesMSConverter, user-friendly multi-platform standalone application. BiowesMSConverter read lot of most
common open/proprietary MS data formats. It uses libraries from proprietary software (with company agreement)
to work with non-open data formats. If the converter can read any data format it can write data to the format of

course.

Experimental description: Open data format exist and some of them become “standard” for storage and exchange
of mass spectroscopy data. Due to variety of data formats many “converters” also exists, but “none” can work with
all existing data formats. BiowesMSConverter with simple and user-friendly GUI is multi-platform standalone
application. It supports both 32 and 64-bit operating systems. It is written in C/C++ and uses lattest technology for

large data files transfer. It means, a huge amount of data files is converted very fast.

Results: BiowesMSConverter with simple and user-friendly GUI is multi-platform standalone application. Software
helps users with different data formats in Mass Spectrometry world. From this point of view, software reduce time

consumption with setting up right conditions if the user want to see a data and analyze and evaluate them corectlly.

Conclusions: Mass spectrometry world is full of different data formats. Lot of them is proprietery and common
users need to install proprietary software to see the data in understandable form. BiowesMSConverter read lot of
most common open/proprietary MS data formats. From this point of view, it could be use in mass spectrometry
world widely.

Key Words: Mass spectrometry data formats, Mass spectrometry data formats converter
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Abstract

Purpose: Early and long-term graft and patient survival after lung transplantation is challenged by chronic lung
allograft dysfunction (CLAD), whose main phenotype is represented by an irreversible airway fibroobliteration
known as bronchiolitis obliterans syndrome (BOS). CLAD diagnosis relies on the decline in lung function compared
to the best post transplant value, and on chest imaging. Tools that will help unraveling the complexity of the disorder
and identifying useful predictive markers are urgently needed. Being a platform capable of capturing disease-

relevant metabolic profile changes, metabolomics may occupy an important role in this diagnosis.

Experimental description: BALf was obtained during fiberoptic bronchoscopy from lung transplant patients,
before and after BOS development, and from subjects affected by other respiratory disorders. Samples, filtered
through a 40-mm filter and centrifuged to remove the cellular components, were submitted to NMR analyses,

through the acquisition of mono and bi-dimensional experiments allowing the observation of 1H and 13C nuclei.

Results: Exploiting the combination of mono- and bi-dimensional experiments, NMR spectroscopy allowed the
unequivocal identification and quantification of around 35 polar metabolites including aminoacids,
monosaccharides, nucleotides, Krebs cycle intermediates and phospholipid precursors. The resonances of about 10
additional metabolites have not been assigned yet. Experiments were performed on 20 samples collected from
patients affected by different respiratory pathologies:12 BOS; 4 sarcoidosis; 2 pneumonia; 2 solitary lung nodule
diagnosed as benign disorder. A close correlation between metabolite abundance and pathology was found, with a
significant dependence on the inflammatory state (the higher the level of inflammation, the higher the total amount
of metabolites in BALf). Moreover, samples from subjects with different pathologies showed variations in the
concentration of some specific metabolites. In addition, to account for possible sample degradation after storage for
different times and/or at different temperatures, the metabolic profiling of samples recovered from the same patients

and stored at -20 °C or -80 °C for few days or several weeks were compared.

Conclusions: Our NMR data revealed the potential of this methodology for the identification of predictive
biomarkers to unravel lung pathologies, including BOS. These preliminary results strongly support the possibility

to afford a metabolic signature of BOS from NMR BALT analysis.
Key Words: BALf, BOS, metabolomics, NMR spectroscopy.
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monochromatic light sources
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Abstract
Purpose: In modern poultry production, patterns of artificial illumination treatment such as light schedule, intensity,
and color are important factors that influence productive performances. The purpose of this study was to investigate

whether different monochromatic light sources affect the protein expression in the testes of ganders.

Experimental description: Six male White Roman ganders were used. The ganders were allocated into white or
blue light groups. The lighting photoperiod of 7L:17D was applied for 6 weeks as an adjusting period. After the
adjusting period, the photoperiod was changed to 9L:15D and maintained for 24 weeks. The ganders were sacrificed

at the end of treatment to collect testis samples for proteomic analysis.

Results: The results of two-dimensional difference gel electrophoresis revealed that 37 protein spots were
differentially expressed in the testes of ganders with different monochromatic light treatments. A total of 31 spots
were identified by MALDI-TOF/TOF. Gene ontology analysis revealed that the differentially expressed proteins
were mostly located in extracellular vesicular exosome (27%, 7 proteins), nucleus (11%, 3 proteins), and cytoplasm
(11%, 3 proteins). Most of the proteins were with molecular function of protein binding (23%, 6 proteins), ion
binding (23%, 6 proteins), carbohydrate binding (19%, 5 proteins), and heterocyclic compound binding (15%, 4
proteins). The majority of the proteins were participated in biological process of biological regulation (27%, 7
proteins) and cellular process (23%, 6 proteins). In addition, proteins related to sperm maturation and capacitation,
including hemoglobin, apolipoprotein A-1, and phosphatidylethanolamine-binding protein 1, were downregulated

after blue light treatment. The result suggested that blue light might disturb sperm functions and fertility on ganders.

Conclusions: A total of 37 protein spots were differentially expressed in the testes of ganders with blue and white
light exposure. Proteins related to sperm maturation and capacitation were downregulated in the testes of blue light

treated ganders. The exact role of the differentially expressed proteins needs further investigation.
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Abstract
Purpose: Development of simple, fast and reproducible protocol for white wine fingerprinting based on direct

MALDI linear TOF mass spectrometry.

Experimental description: Because of the importance of matrix-sample homogeneity, eight different matrix
systems and four different matrix-sample deposition techniques (volume, dried droplet, two-layer and sandwich
technique) were evaluated. Mass spectrometric measurements were performed on an AXIMA-CFR+ MALDI-TOF
instrument (Shimadzu). All obtained raw MALDI linear TOF mass spectra were processed using SpecAlign
software version 2.4.1 and in-house software tool MS Feature Extractor. Statistical analysis (principal component

analysis and unsupervised hierarchical cluster analysis) done using DataLab.

Results: The a-cyano-4-hydroxycinnamic acid (dissolved in ACN/0.1%TFA) as matrix mixed with the white wine
sample provided the highest mass spectral information content and optimal reproducibility for classiffication
purposes based on fast direct MALDI linear TOF MS fingerprinting. This approach was therefore used subsequently

for classiffication of 33 Croatian white wines.

Conclusions: The direct MALDI linear TOF MS fingerprinting proved as a simple and fast technique for analysis
of white wine and the possibility to classify wines and the respective production method. Therefore, we propose
that classification systems based on fast direct MALDI linear TOF MS fingerprinting of white wine should be

further developed to ensure identification of compounds that contribute to the variability of white wines.
Key Words: mass spectrometry, MALDI, wine authenticity, fingerprinting, statistical analysis

Acknowledgements: This work was supported by the project of the Croatian Science Foundation "High throughput
analytical platforms for Adriatic-brand food quality and authenticity” and by a bilateral Science and Technology
Cooperation between Austria and Croatia funded by the OeAD (HR 10/2012).

Correspondence:

Dina ResSetar

University of Rijeka, Department of biotechnology
Radmile Matej¢i¢ 2, 51000 Rijeka, Croatia

E-mail: dina.resetar@biotech.uniri.hr

Tel: +385 51 584 573, Fax: +385 51 584 599

210



ICAP 2015 - Proceedings

P9-Proteomic comparative study of smooth muscle cells isolated from

systemic and pulmonary arteries

M. Zaloudikova!, A. Eckhardt?, L. Kulhava? R. Vytasek®, K. Karmazin', K. Dousova'

(MDepartment of Pathophysiology, 2™ Faculty of Medicine, Charles University in Prague, Prague, Czech Republic
@Institute of Physiology, Academy of Sciences of the Czech Republic, Videiisk4 1083, Prague 4

Abstract

Purpose: The cellular compositions of the systemic and pulmonary arterial walls are very similar. However the
functional characteristics of these vessels show many differences. One of the most noticeable is in their reaction to
hypoxia. We assume this difference can be consequence of the smooth muscle cells (SMC) protein composition of
the peripheral arteries. Thus as we assume the definition of their proteomic differences can guide us to the important
points with the potential to be a cause of their specific reactions.

Experimental description: We used 14 adult male Wistar rats (200-250g). Animals lived in normoxia (n=9) or
were exposed to isobaric hypoxia (FiO2=10%) in hypoxic chamber for 4 days (n=5). The rats were euthanased by
the intraperitoneal injection of thiopental. Peripheral pulmonary and mesenteric arteries were dissected under the
microscopic control. Smooth muscle cells were obtained by the enzymatic digestion of the vascular fragments and
the isolated material was subjected to sonication in lysis buffer. Protein mixture was analyzed by one-dimensional
gel SDS-polyacrylamide electrophoresis followed by two-dimensional gel SDS-polyacrylamide electrophoresis and
identified using nLC-MS/MS. Proteins were identified by correlating tandem mass spectra to IPI and SwissProt
databases.

Results: We detected the significant differences in the protein composition between the samples separated from the
pulmonary and systemic smooth muscle cells and also between the pulmonary smooth muscle isolated from the rats
living in normoxia and exposed to 4 days hypoxia. We detected proteins more abundant in pulmonary SMC
(vinculin, annexins, 14-3-3 proteins) and in systemic SMC (disulfide-isomerase, aldehyde dehydrogenase) and we
observed the significant increase of collagen VI quantity in the normoxic pulmonary SMC in comparison with
animals exposed to hypoxia.

Conclusions: We observed the significant differences of the proteomic profiles between pulmonary and systemic
smooth muscle cells and also the significant changes in the normoxic pulmonary smooth muscle cells in comparison
with animals exposed to hypoxia. These results bring new findings about extracellular matrix remodeling during

hypoxia.
Key Words: smooth muscle cells, pulmonary, systemic artery, proteome, hypertension
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Abstract:

In recent decades, biologically active components of animals’ venom (proteins and peptides) have been
considered as a rich source for accession to therapeutic bio-molecules. Among the physiologically active molecules
of greatest potential are the hormone-like peptides that act on cardiovascular system. Some bio-molecules derived
from scorpion venom (3-5 KDa), known as non-disulfide bridge peptides (NDBPs), are the bradykinin-potentiating

peptides (BPPs) which reduces the blood pressure by inhibit the angiotensin-converting enzyme (ACE) activity.

Due to exhibited secondary hypotension in victims of scorpion sting, hypothesis of existing BPPs in venom of
Odontobuthus doriea (one of the six medically important scorpions in Iran) was considered. So isolation and
purification of peptides in crude venom with specific role in BK potentiating was the partially aim of this study.

Supplementary proteomics study of purified BPPs to achieve a possibly drug is our desired aim.

Required venom of scorpion prepared in venomous animal department of Razi institute. The clarified crude venom
was analyzed at room temperature by RP-HPLC using an Amersham-Bioscience apparatus; column reverse-phase
(C18, 5 um, 4.6 x 125 mm, Agilent). The flow rate was 1 ml/min and absorbance was monitored at 215 nm. The
solvents used were 0.05% trifluoroacetic acid (TFA) in water (A) and 0.5% TFA in acetonitrile (B). The obtained
fractions divided to 6 zones; Za - Zf and were freeze-dried for testing separately. All fraction zones of the profile
(from 5% to 45% acetonitrile) were challenged on anesthetized rat (adult male, 400 g) for detecting potentiation of
bradykinin. The arterial blood pressure was monitored through a cannula into the carotid artery of rat. The tested
fractions was dissolved in injectable saline and applied in the presence and in the absence of bradykinin. Decrease

of blood pressure recorded from the carotid artery using Power Lab system (AD-instrument).

The zones Zb and Zc reduced blood pressure significantly. The separation of effective zones performed in modified
condition by RP-HPLC and fractions Zb.s and Zc.¢ evaluated for potentiating bradykinin separately. By measuring
invasive blood pressure, fractions of zones Zb » 4 and Zcs led the most hypotension in rat; this may be due to

potentiation effect on bradykinin.
Correspondence: Hamid Reza Goudarzi, Central Laboratory, Department of Biotechnology, RVSRI, Karaj, Iran
h.goodarzi@rvsri.ac.ir

*RVSRI: Razi Vaccine and Serum Research Institute
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Abstract

Purpose: The plasma perfuses all tissues of the body and thus may contain information on physiological
mechanisms. In livestock animals, plasma proteomics is a promising strategy to identify biomarkers of the potential
of meat production. By taking advantage of the progresses in plasma proteomics for disease application in humans,
we are developing a proteome approach to identify minimally invasive biomarkers for beef performance and meat

quality.

Experimental description: the peripheral blood was collected on EDTA from 6 young charolais bulls aged 11-13
months. The plasma was processed, supplemented with PMSF, and kept in aliquot fractions at -80°C until analysis.
For the depletion of the high abundance bovine plasma proteins that could mask proteins of interest, 3 commercially
available methods were tested: Albumin & 1gG Depletion SpintrapTM (GE Healthcare), a combination of Bovine
Serum Albumin-XTM BSA Removal kit (Alpha diagnostic international) and NAbTM Protein G Spin Kit (Pierce),
and Proteominer technology (Bio-Rad). A shotgun analysis was performed on 20 ug of depleted plasma proteins at
the "Metabolism Exploration: from genes to metabolites” platform. The data were processed using "ProteinScape”
with a comparison of two experimental groups with different zootechnical performance (condition 1 vs condition

2). Mining information on proteins was done using proteINSIDE (http://www.proteinside.org/).

Results: Of the 3 depletion methods, Proteominer protein enrichment enabled to effectively decrease the amount of
high-abundance proteins without immunodepletion. Shotgun analysis identified 343 peptides with unique accession
of which 178 were common to both conditions. The list of shared proteins included 94 proteins with signal peptides
and 10 other potentially secreted proteins. Figure 1 shows their functional GO annotation enrichment. Seventy-nine

protein 1D were found to be specific of condition 1 and 86 of condition 2.

GO (BP) enrichment

a7

Conclusions: The shotgun method coupled to plasma depletion allows discrimining proteins specific of each

condition. In-depth analysis of plasma proteome will be useful to identify biomarkers. They will be used in high
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throughput protein detection tools in order to assess the physiological status, well-being and health, adaptability of

livestock animals to climate change or to predict the quality of meat in relation to pre-slaughter conditions.

Key Words: plasma, cattle, shotgun proteomics, biomarker
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Abstract
Purpose: Bipolar Disorder (BD), which affects up to 3% of the worldwide population, is a mental disease with
unclear connections to other similar disorder. This study had aim application approach comparative proteomic to

identify potential biomarkers in patient serum samples with bipolar disorder.

Experimental description: This study was approved by the Ethics Committee of the Hospital das Clinicas
(University of Campinas, Brazil). Fifty six serum samples (23-57 years old) were collected and classified into five
groups: (A) healthy family control (n= 3), (B) healthy no-family control (n=9), (C) BD patients under treatment
with lithium (Li) (n= 14), (D) schizophrenia patients (n= 25) and (E) other diagnostic patients under treatment with
Li (n=4). The participants did not have other concomitant diseases such as cancer, endocrinological or metabolic
diseases. Abundant proteins (IgG and albumin) depletion were performed using ProteoMiner spin columns. The
analysis was performed using two-dimensional fluorescence difference-in-gel electrophoresis (2-D DIGE) coupled
with nanoliquid chromatography-tandem mass spectrometry (nanoLC-MS/MS). For the analysis of 2-D DIGE, the
samples were compared. As follows: (i) group A vs group B; (ii) group A vs group E; (iii) group B vs group E; (iv)

group C vs group E; (v) group E vs group D.

Results: Approximately 50 pg [(pH range 4-70) determined from the 2-D Quant Kit] of each sample and the
corresponding amount of the internal pooled standard were labeled with 400 pmol of CyDye DIGE Fluors minimal
dyes. The ratios of protein abundance that increased or decreased more than 2.0 fold (t-test, p<0.05) were considered
significant. Forty two protein spots were detected as significant difference among groups (41 increased and 1
decreased). In the experiments (i), (ii), (iii), (iv) and (v), were identified 4 protein spots (3 with higher abundance
and 1 with lower abundance for B group), 8 (all protein spots with higher abundance for C group), 13 (all protein
spots with higher abundance for C group), 9 (all protein spots with higher abundance for D group) and 8 (all protein
spots with higher abundance for C group) protein spots presenting significant difference, respectively. All proteins
spots presenting significant difference were selected for in-gel trypsin digest and nanoLC-MS/MS sequencing for

protein identification. In the next step, the identification of proteins by nanoLC-MS/MS will be made.

Conclusions: In this study, we found that close forty protein spots shown significant differences among the groups
compared using 2-D DIGE. As perspective, the proteins will be identified by nanoLC-MS/MS and some proteins

will be selected to confirm the comparative proteomic data using immunoassay.
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Abstract

Purpose: In the contemporary world, breast cancer is one of the most common and dangerous types of cancer in
females. Comparison between two different variants of MCF-7 (MCF-7 vs MCF-7-Z) human breast cancer cell lines
used in subcutaneous xenograft tumor models, has shown different tumor growth characteristics in mice.
Glycosylated proteins are among post-translational modifications one of the most important types of proteins
involved in tumor progression. The aim of the research was to search for the presence of selected glycoproteins,
based on quantitative and qualitative analysis in cancer progression.

Experimental description: For samples preparation we used the strategy utilizing western blotting and nanoLC-
MS/MS analysis. After isolation of proteins from the tissue, glycoproteins were isolated by lectin affinity
chromatography. Glycoproteins fractions were separated by the sodium dodecyl sulfate polyacrylamide gel (SDS-
PAGE), followed by two complementary analyses. One part of the gel was transferred onto PVDF membrane, and
another part was CBB stained. Based on the images obtained after immunostaining, the bands were excised from

the CBB-stained gel and analyzed by tandem mass spectrometry coupled to liquid chromatography (LC-MS/MS).

Results: Using LC-MS/MS technigque we have succeeded to identify 3000 differentially expressed proteins between
MCF7 and MCF7-Z. The selected proteins were associated with cancer metastasis, which plays a vital role in tumor
progression, and are involved in cell structure organization. The presence of the selected proteins was confirmed

using western blotting.

Conclusions: We have identified the potential biomarkers, which can be important in cancer progression.

Key Words: cell lines MCF-7, glycoproteins, tumor, breast cancer
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Abstract

Purpose: Surgery is the primary treatment in oral squamous cell carcinoma (OSCC), one of the most frequent
cancers in head and neck region. However, there is a significant risk of local recurrence in some OSCC patients
with histologically negative surgical margins. Hence, determination of tumor-specific molecular factors in resected
areas appears a vivid issue in this type of cancer, where excessive margins cannot be practiced. Here we aimed to

characterize molecular profile of tumor and adjacent tissues in clinical material from patients with OSCC.

Experimental description: Tissue samples (tumor and adjacent areas) resected from 5 patients with OSCC were
fresh-frozen, cut in cryostat, placed on ITO-coated glass slides, and then dried in vacuum and covered by the
methanol solution of 2,5-dihydroxybenzoic acid (50% methanol, 30 mg/mL DHB, 0.2% TFA) using ImagePrep
device. Samples for peptide analysis were incubated over-night with trypsin prior to matrix deposition. Spectra were
registered using UltrafleXtreme MALDI-ToF spectrometer in positive reflectron mode with 100 um raster; peptide
and lipid spectra were recorded in the 800-4000 Da and 300-1500 Da range, respectively. Tryptic peptides were
identified in tissue lysates using LC-MS/MS approach and annotated to IMS data.

Results: Supervised analysis of tissue areas pre-defined by

HE-stained sections and
specific  tissue areas

pathologist resulted in identification of molecular

S5 | delineated by

components that differentiated OSCC from adjacent tissues. e T I §  pathologist tumor area—
. .. . . RO A o) red, normal epithelium -

Several peptide and lipid ions, which levels were Lo blue, muscle — yellow,

significantly different in cancerous, and other tissue regions
were detected. These were exemplified by peptides (m/z
values) 1043.56; 2014.20; 2143.29; 2159.33; 2523.44 Da up-
regulated and 818.57; 863.53; 937.71; 1022.73; 1796.15 Da

down-regulated in cancerous epithelium in comparison to

normal epithelium, muscle and saliva gland. Further
unsupervised analysis resulted in identification of proteome TR
and lipidome components associated with different regions h

of tumor.

Figure 1. Tissue location of selected proteins (up- or down- regulated) differentiating tumor and remaining regions

of tissue (normal epithelium, muscle, saliva gland)
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Conclusions: In conclusion, the tumour surrounded tissues of SCC were clearly distinguished with the use of these
features and IMS analysis, and this molecular identification can provide important information to elucidate the
mechanism of cancer invasion. MALDI-IMS allows identification of molecular components, both proteins and
lipids, that differentiate cancerous and different areas of oral tumor tissue. Moreover, different sub-regions of cancer,
in this case the invasive front of carcinoma, could be identified using molecular features discovered by unsupervised
analysis of MALDI-IMS data.

Key Words: MALDI imaging, proteins, lipids, LC-MS/MS, oral squamous cell carcinoma (OSCC)
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Abstract
Purpose: Our purpose was to determine whether prostasomes contain lipid raft domains and, if so, to identify their

protein complexes.

Experimental description: Prostasomes were purified by differential ultracentrifugation followed by column
chromatography and sucrose gradient ultracentrifugation. The fraction at 1.13-1.19g/ml was collected and another

sucrose gradient containing 1% Triton X-100 was prepared. Prostasomal lipid rafts were seen as a band at 1.10g/ml.

Results:

Photography of prostasomal lipid rafts floating on 1.10g/ml (0.8M) in a Triton X-100
containing sucrose gradient (left) are sharply outlined contrary to control (right) not
containing Triton X-100 giving rise to only the expected 1.13-1.19g/ml (1.5M) main band.

Flotillin-1, flotillin-2 and clathrin presented bands in all three samples tested (P-
ronz [ N B prostasomes, LR(1.5M)- residual prostasomes in the Triton X-100 sucrose gradient and LR-
! prostasomal lipid rafts). Caveolin-1 and caveolin-2 were not detected in any of the three

— » samples.

Tl UnPoto.Pos_[coRicens __UnProt e, Pos | R siaied e
ToRANE o 2 (os o1 [RabIA
B

Fifty-nine categorized proteins associated to prostasomal lipid raft

vesicles are tabulated. Uniprot accession numbers were derived from

the website (http://www.uniprot.org/).

Conclusions: This is the first comprehensive LC-MS/MS profiling of proteins in lipid rafts derived from exosomes.
We identified more than 370 proteins in the lipid raft fraction of prostasomes and several of them could be traced

to the formation of intraluminal vesicles in multivesicular bodies.
Key Words: Prostasomes, exosomes, extracellular vesicles, lipid rafts, tetraspanin enriched membranes.
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Abstract

Purpose: The human teeth have been together with the saliva in the center of interest for many years, due to medical
problems with them [1]. Only a minor part of the population (ca 10 % of people in the age at ca 30 years) is resistant
to tooth caries. In saliva there were detected over 2000 proteins to these days, and important part of them are salivary
defense proteins. Our study was aimed to proteomics of saliva and to find the differences in the abundances of the

responsible proteins in these tissues between caries-resistant and caries-susceptible people..

Experimental description: The human saliva samples from adult patients (aged 17-35) were collected and divided
into two groups with respect to the number of dental caries (caries-susceptible vs. caries-resistant people). The
proteins of oral fluids were separated by two-dimensional electrophoresis or by difference gel electrophoresis and
the resulting protein maps were quantitatively evaluated. Spots exhibiting statistically significant changes were
excised, digested by trypsin, and analyzed by nano-liquid chromatography coupled to a MaXis Q-TOF mass
spectrometer with high resolution.

Results: We detected more than several hundreds of proteins in each kind of sample (pulp, dentin, saliva) [2]. Then
we compared the individual proteome maps of saliva samples by 2-DE and DIGE and indentified the changes in the
protein abundances among the individuals. The observed significant differences between caries-resistant and caries-
susceptible groups. Special emphasis was put on looking for the abundance changes of proteins that may be involved

in formation of dental caries due to their biological functions.

Conclusion: This study comaring proteomes of whole saliva from carious-resistant and carious-susceptible people

brings new findings to the saliva protection against tooth caries.
Key words: human saliva, proteome, two-dimensional gel electrophoresis, DIGE
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Abstract

Purpose: The majority of the human population worldwide experiences dental caries. Only a minor part of the
population (ca. 10 % of people in the age at 30 years) is resistant to development of this oral disorder. The anti-
caries resistance can be caused by overall immune system, nourishment, dental care efficiency and/or by many other
causes, such as composition of saliva or teeth. Differences in the abundances of the responsible proteins in these
tissues between caries-resistant and caries-susceptible people are expected and are in the center of our interest. The
aim of our work was to investigate the proteomic profile of human tooth pulp from adult people and compare them
mutually.

Experimental description: Sound human teeth extracted for clinical reasons from adult patients (aged 17-40) were
divided into two groups with respect to the number of dental caries (caries-susceptible vs. caries-resistant people).
The proteins from individual tooth pulp samples were extracted and processed by the method described previously
[1]. The proteins were separated either by two-dimensional electrophoresis followed by Coomassie colloidal blue
staining or by difference gel electrophoresis and the resulting protein maps were quantitatively evaluated. Spots
exhibiting statistically significant changes were excised, digested by trypsin, and analyzed by nano-liquid

chromatography coupled to a MaXis Q-TOF mass spectrometer with ultrahigh resolution.

Results: We detected more than several hundreds of spots in the proteome maps of each human tooth pulp sample.
Individual proteome maps were compared by both methods (2-DE and DIGE) and changes in the protein abundances
were identified among the individuals. The observed differences were statistically evaluated to find the significant
changes. Some of these spots corresponded e.g. to peroxiredoxin 1, GTP-binding nuclear protein Ran,
apolipoprotein A-1, glutathione S-transferase P, phosphoglycerate kinase 1 or retinal dehydrogenase. These proteins

exhibits variety of biological functions: cell communication and signal transduction, transport or metabolism.

Conclusions: We determined some quantitative differences in the whole proteomes of human teeth pulp samples
between carious-resistant and carious-susceptible people. Special emphasis will be engaged in further investigations

of these proteins that may be involved in formation of dental caries due to their biological functions.
Key Words: human tooth pulp, proteome, two-dimensional gel electrophoresis
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Abstract

Purpose: Drug dependence influences cell functions and their biological pathways, but the processes do not seem
to be clear and understood. Global analysis of liver proteome can contribute to the explanation of drugs' influence
on the metabolic processes and may help to explain the whole problem. The rat liver microsomes were taken from

control and drugs-addicted rats, and up- and down regulated proteins were evaluated.

Experimental description: Adult male Wistar rats were treated s.c. with either saline (control) or amphetamine,
morphine, or cocaine in saline, for 15 days. Liver microsomes were prepared according to a standard protocol. The
proteins were divided into up- and down regulated groups, based on LC-MS" analyses, followed by the Mascot
server (Matrix Science) identification, after SDS-PAGE separation. The expression of the selected proteins was

determined by Western Blotting and the catalytic activity of cytochromes P450 was also determined.

Results: Two proteins were chosen from up- and down regulated proteins identified by LC-MS" for Western
Blotting, cytochrome P450 4A10 (CYP4A) and cytochrome ¢ oxidase subunit Va (COX5A). The enzymatic activity
of CYP4A was determined by LC-MS" determination of w-hydroxylation of lauric acid.

Conclusions: After administration of various drugs (amphetamine, morphine, and cocaine) to the rats, significant
changes in liver proteome were observed, also including cytochromes P450 responsible for oxidative metabolism.
The expression and catalytic activity of CYP4A and COX5A was determined.

Key Words: cytochrome P450, CYP4A, COX5A, microsomes, drug dependence
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Abstract

Purpose: Hard ticks are hematophagous arthropods vectors that transmit important human and animal pathogens.
Ixodes ricinus is one of the most important tick species in Europe, able to transmit, among others, the bacterium
agent of Lyme disease. The goal of this study was to establish a method to characterize the proteome of I. ricinus,
as a hasis for future studies on the interaction with pathogens proteins during the phase of their lifecycle in the tick.
To this purpose, the protein profile of the ovary (OV) and the salivary glands (SG) were generated.

Experimental description: 40 Semi-engorged I. ricinus ticks, collected from roe-deer (Capreolus capreolus) were
manually dissected under a stereomicroscope to collect salivary glands and ovaries. Tissues were pooled and
mechanically disrupted, sonicated and DNA and proteins extracted. Proteins were separated by 2-DE on 7 cm IPG
strips, with nonlinear (NL) pH 3-10 gradient followed by 12.5% SDS-PAGE on 8x6 c¢cm slabs. Identification of
proteins was achieved by submitting to LC-MS/MS the peptide mixture generated upon tryptic digestion of the
material carefully extracted from gel spots.

Results: The mean spot number in Coomassie stained gels was 235+29 in SG and 221421 in OV (Figure 1, panels
A and B). Comparison of 2-DE patterns for SG and OV (by means of PD Quest version 8.1 software) revealed
several qualitative and quantitative differences between the two sets of pools, some protein spots present in SG
profile being absent from the OV one and viceversa. Among the 21 spots showing significant differences in the
relative abundance between the two pools of samples, eight showed 4- to 18-fold increase/decrease in density. These

spots were excised from the gel, de-stained, digested with trypsin, and peptides were submitted to LC-MS/MS.
The description of those 8 proteins is shown in Table 1.

Figure 1 Table 1

. o 54929 | qi215491972gblEECC1613.1] | 98 Protein disulfide isomerase, putative [Ixodes scapularis]

10741 0i/442748259gb|JAAGE?| 20 Putative 3-hydroxy-3-methylgutaryl-coa reductase [Borrelia spp]

i | 1 o B Spot | Mass Accession number Score (%) Description
-;; g 1§ A : 4 || 72595 | qi442756551|gblJAATO434.1| 9 Putative heat shock 70 Da protein 5 [lxodes ricinus)
s P y ’tiw L [— — Not detectable
v iy ;"U ' S A --d-,"’»‘ 3 [ 16038 | qi322422107|gbjADX01224.1| 99 Beta actin [Ixodes ricinus)
¥ . ”,", 4 1 ° - § | 21493 | gi21549732M|gblEECB821.1] 90 Enolase, putative [Ixodes scapularis]
L‘,w)\if" » ll '1 t 5 [ 47145 | gi442753241|gb|JAAGBT60.1| 9 Putative enolase [ixodes ricinus]
. b
7
8

q ; .
‘ ,© ’ " ae
# 5 § 6615 | qip97718071|gbAHN19768.1] | 75 Serum albumin partial [Cervus nippon]

‘ e 2
Conclusions: Thilwork allowed detecting nwltiple proteins that-exhibia differenfial expressionipgatile in OV and
¥ 0

1 36782 | ql442754645|gb|JAABI482 1| 8 Putative heat shock protein [ixodes ricinus)

SG. Furthermore the method here developed will pave the way Tor Tuture studies on the proteomics of I. Ficinus,
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with the goals of better understanding the biology of this vector and of detecting novel antigenic proteins useful for
innovative diagnostic and vaccination approaches.

Key Words: Ixodes ricinus, proteomics
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Abstract

Purpose: Patients after lung transplantation may develop chronic lung allograft dysfunction (CLAD), whose main
phenotype is represented by bronchiolitis obliterans syndrome (BOS), characterized by an irreversible airway fibro-
obliteration. Given the significant heterogeneity in the time of onset and evolution of CLAD, attempts to early
identify and unravel specific molecular pathways associated to different phenotypes have been made, by far with
unsatisfactory results. On the assumption that changes in levels of metabolic intermediates of a sequential series of
reactions are often more pronounced than variations in enzymatic kinetics, GC-MS was applied to BALT of patients
as a competent platform capable of capturing disease-relevant metabolic profile changes and molecular signatures

of disease.

Experimental description: BALf was obtained during fiberoptic bronchoscopy from lung transplant patients,
before and after BOS development, and from subjects affected by other respiratory disorders. Samples were filtered
through a 40-mm filter and centrifuged to remove the cellular components. A 500 ul aliquot was lyophilized,
derivatized and analyzed by GC-MS, whereas a 1 ml aliquot was analyzed by HSSPME-GC/MS to obtain
information about volatile and semi-volatile compounds. GC-MS analyses have been carried out on a Thermo
Scientific GC/MS system (TraceDSQII mass spectrometer, TraceGCUItra gascromatograph, TriPlus autosampler),
Xcalibur MS Software Version 2.1 (including NIST Mass Spectral Library (NIST 08) and Wiley Registry of Mass
Spectral Data 8th Edition) with a Restek capillary column, Rtx-5MS 30 m x 0.25 mm x 0.25 pum film thickness.
HSSPME-GC/MS analyses have been carried out using a 65um Polydimethylsiloxane/Divinylbenzene
(PDMS/DVB) SUPELCO Fiber. BALF sample (1 ml) was put into a 20 mL glass autosampler vial, the PDMS/DVB
fiber was then introduced into the headspace of the vial and maintained at a temperature of 80 °C, for 30 minutes.

At the end of sampling, the fiber was transferred to the injection port of gas-chromatograph for the desorption phase.

Results: Molecules detected in BALF by GC-MS are mainly fatty acids (hexadecanoic acid and tetradecanoic acid)
derived from fatty acid/lipid metabolism. These molecules are known to play an essential role in the synthesis of
surfactants that protect lung alveoli from collapse. Volatile and semi-volatile compounds observed from the
Headspace-SPME/GC-MS analysis of BALF include ketones, aldehydes, mercaptans, alcohols, alkanes. Our
findings let us to speculate that, while some of compounds identified are endogenous metabolites resulting from
metabolic pathways, others, including plasticizers, food additives and pollutants are interfering exogenous

components.

Conclusions: The GC-MS data presented here reveal the potential of this methodology to identify in BALF
predictive biomarkers of lung pathologies. Despite being preliminary, these results strongly suggest that only an
accurate GC-MS profiling strategy allows to gain information about metabolic signatures of BOS that can

distinguish different phenotypes of the pathology.
226



ICAP 2015 - Proceedings

Key Words: BALT, BOS, metabolomics, Gas Chromatography; Mass Spectrometry.

Acknowledgements: This work was supported by the Cariplo (Milan, Italy) grant # 2013-0820-Bando 2013-Ricerca
Medica.

Correspondence: Paolo ladarola, piadarol@unipv.it; Federica Corana,federica.corana@unipv.i

227



ICAP 2015 - Proceedings

P21-Changes in abundance of mGluR2 and mGluR5 receptors in ethanol

exposition in rats

P. Suder®?, A. Bodzon-Kulakowska?!, A. Drabik®, J. Ner?, J.H. Kotlinska®

!Department of Biochemistry and Neurobiology. Faculty of Materials Science and Ceramics. AGH University of
Science and Technology, Mickiewicza 30 ave., 30-059 Krakéw, Poland
2Academic Centre for Materials and Nanotechnology (ACMIiN), AGH University of Science and Technology,
Mickiewicza 30 ave, 30-059 Krakdw, Poland
3Department of Pharmacology and Pharmacodynamics, Medical University, Chodzki 4 st., 20-093 Lublin, Poland

Abstract

Purpose: Ethanol addiction is difficult problem to solve among societes worldwide. Based on the possible
interactions of glutamate receptors and alcohol, we tested changes in the abundances of mGIuR2 and mGIuR5
receptors in varoius brain structures in rats under the influence of ethanol. As glutamate receptors are responsible
mainly for synaptic plasticity, they seem to be involved in the ethanol effects on memory traces formation, learning
abilities and coordination between brain structures. We have also tested if the selected positive allosteric mediator

of mGluR’s had any effect on the observed changes.

Experimental description: Rats were divided into four groups (saline, ethanol, ethanol+PAM and saline+PAM)
and received daily doses of ethanol for two or seven days. After the days of experiment rats were sacrificed by
decapitation and selected structures from their brains were removed. Tissues were kept in liquid nitrogen until
further analyses. Before quantitative analysis of mGIuR2 and mGIuR5 receptors tissues were homogenized and
protein level in each sample was equilibrated after Bradford measurement. Receptors quantities were identified
using commercially available ELISA kits. Statistical analysis was made based on the quantity of animals in each
group.

Results: We observed significant increase of the mGIuRS5 receptor in the ethanol treated groups for both investigated
times of delivery. The strongest effects were observed for striatum. Astonishingly, we did not observed significant
differences in mGIuR5 levels in hipocampus. For cortex we noticed a trend only, however without statistical
significance. PAM seems to weakly reverse effect of mGIuR5 increase in the first mentioned structure. mGIuR2

level did not respond neither for ethanol application or PAM presence.

Conclusions: Presented data clearly show respond of the mGIuR5 receptor quantity on the ethanol presence in the
organism. Observed effect can be reversed by the positive allosteric modulator of mGIuR-s. There is also observed
differential response of various receptors from the same class towards ethanol intake. Results can be useful for
elucidation of interactions between alcohol and memory trace formation or modulation in the selected structures of

the central nervous system.
Key Words: glutamate receptors, ethanol, PAM, memory
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Abstract

Purpose: The parasite Echinococcus multilocularis (Em) is responsible for a disease in emergence in Europe, the
alveolar echinococcosis (AE). The therapeutic management of this extremely serious illness that mimics cancer
characteristics, is both surgical and medical. In non operable patients, the only treatment available, the albendazole
(ABZ), is parasitostatic and potentially prescribed for life. Decision criteria for discontinuing the treatment currently
rely on the absence of parasitic viability assessed by imaging (PET/CT) and immunological (serological response
towards the recombinants antigens Em18/Em2+) techniques. The development of new follow-up biomarkers, such
as antibodies directed against proteins produced by the metabolically active parasite could help to specify criteria
of decision for discontinuing the treatment with ABZ. The aim of the present study was thus to identify in Em

vesicular fluid (VF), proteins of potential interest as biomarkers of parasitic viability.

Experimental description: The vesicular fluid was isolated from 4 months-in vitro cultures of the parasite Em.
First, VF proteins were precipitated with trichloroacetic acid, purified using the SDS-PAGE Clean-Up® kit (GE
Healthcare, USA) and separated by two-dimensionnal (2D) electrophoresis. Immunoreactive proteins were detected
by 2D-western blotting using sera from patients with AE: ABZ good responders (ABZ-GR, n=5) and ABZ bad
responders (ABZ-BR, n=6) (response to the ABZ treatment was assessed by conventional imaging (PET-CT) and
serological (Em18/Em2+) methods). Sera from healthy individuals (n=5) were also used to exclude proteins non-
specific of the disease. Spots of potential interest in our study, selected by comparing the profiles of the blots
obtained, were cut on a 2D-acrylamide gel colored with Coomassie blue and sent to a proteomic plateforme
(PAPPSO, Paris) for protein identification by mass spectrometry (LC-MS/MS). Shotgun analysis of VF proteins
immunoprecipitated (Pierce Classic IP kit, Thermo Scientific) with each one of the sera previously described was

also undertaken to refine 2D-western blotting results.

Results: Alignment of 2D-western blots allowed to locate three ABZ-BR specific spots and a single ABZ-GR
specific spot. Mass spectrometry analysis of these spots led to the identification of 26 proteins: 25 exclusively
present in ABZ-BR specific spots and one protein contained in both ABZ-BR and ABZ-GR spots. Analysis by

shotgun of Em VF proteins immunoprecipitated with the different sera tested is underway.

Conclusion: The identification of immunoreactive proteins present in the VF of Em by both 2D-western blotting
and immunoprecipitation techniques is the first step towards the development of new follow-up biomarkers of AE

useful in the decision to discontinue the ABZ treatment. Proteins identified by both immunological approaches
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remain to be produced as recombinant antigens in Escherichia coli and their capacity to discriminate ABZ-GR from
ABZ-BR will be assessed by IgG-ELISA tests using a panel of sera from both categories of patients.

Key words: alveolar echinococcosis, albendazole, biomarkers, 2D-western blotting, immunoprecipitation

Acknowledgements: We thank Markus Spiliotis and Junhua Wang from the Institute of Parasitology of Berne
(Switzerland) for supplying vesicles and for their precious collaboration. This work was supported by grants from

the National Reference Centre of Alveolar Echinococcosis (University Hospital of Besangon, France).

Correspondence: Laboratoire Chrono-Environnement, UFR SMP, 19 rue Ambroise Paré, 25000 BESANCON,
FRANCE

E-mail: benedicte.rognon@univ-fcomte.fr

231



ICAP 2015 - Proceedings

P23-Label free proteomics from rat liver microsomes in drug dependence

M. Smoluch?, P. Mielczarek?, G. Schroeder?, P. Suder*?, J. Silberring®*

IAGH University of Science and Technology. Faculty of Materials Science and Ceramics. Department of
Biochemistry and Neurobiology. Mickiewicza 30. 30-059 Krakow. Poland.

2AGH University of Science and Technology. Academic Centre for Materials and Nanotechnology. Mickiewicza

30. 30-059 Krakow. Poland
3Department of Supramolecular Chemistry. Faculty of Chemistry. Adam Mickiewicz University. Umultowska

89b. 61-614 Poznan. Poland.

4Centre of Polymer and Carbon Materials. Polish Academy of Sciences. Curie-Sklodowskiej 34. 41-819 Zabrze.

Poland.

Abstract

Purpose: The drug dependence has a significant impact on the cells' functions and biological processes in
mammalian body. In many cases, the mechanism of drug dependence is not fully understood and the knowledge on
its influence on the human body is not complete. The presented work shows application of the label free

methodology in proteome analysis in drug dependence.

Experimental description: Microsomes were prepared from the Wistar rats after administration of a drug for 15
days. Four groups of animals were analyzed: amphetamine-, morphine-, cocaine-dependent, and control. Proteins
were separated by SDS-PAGE and the molecules within the range of 46-58 kDa were trypsin digested and analyzed
by LC-MS". Peptide maps were separated by the reversed phase capillary system, and detected by an Amazon ETD
mass spectrometer (Bruker Daltonics, Bremen, Germany). Data were processed by the Profile Analysis (label free
approach) and Proteinscape softwares form Bruker Daltonics. Finally, the GO analysis for up-, and down regulated

proteins were performed using the PANTHER Gene List Analysis.

Results: Identification of peptides was performed on the basis of CID fragmentation. MS data allowed for proteins
identification by the Mascot server (Matrix Science). After label free analyses, the proteins identified in rat
microsomes (control and drug dependent) were divided into up-, and down regulated groups. The GO Biological

Functions and GO Biological Processes for up and down regulated proteins were defined.

Conclusions: The project presents application of the label free proteomic research in drug addiction with the focus
on cytochromes P450 (CYP450), mainly responsible for the metabolic processes in liver. Also, the results show
comparison of an influence of different drugs (amphetamine, morphine and cocaine) on proteins present in liver

microsomes.
Key Words: label free proteomics, microsomes, cytochromes P450, drug dependence
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Abstract
Purpose: The aim of this work was to determine the effect of sodium cations, representing the specific allosteric
modulators of ligand binding site of opioid receptors (OR), on agonist binding to §-opioid receptors (3-OR) in

plasma membranes isolated from forebrain cortex of rats exposed to morphine for prolonged period of time.

Experimental description: Rats were exposed to increasing doses of morphine (10 - 50 mg/kg) for 10 days and
sacrificed 24 hours (group +M10) or 20 days (group +M10/-M20) after the last dose. Control animals were
sacrificed in parallel with morphine-treated (groups —M10 and (—M10/-M20)). Plasma membrane enriched fraction
(PM) was isolated from rat brain cortex (+M10 and -M10) and analyzed by specific radioligand binding. 5-OR were
characterized by saturation binding studies with 6-OR agonists [*H]DADLE and [*H]DPDPE in the presence or
absence of 100 mM NaCl. Percoll-purified PM (from all groups) were also resolved by 1D-SDS-PAGE and 2D-

ELFO. Subsequently, immunoblot detection with specific antibodies and proteomic analysis was performed.

Results: Maximum number of [*BH]DADLE binding sites in PM isolated from morphine-treated rats was 1.4-fold
higher than in PM isolated from control rats. Surprisingly, 100 mM sodium chloride had no effect on [*H]DADLE
binding in PM prepared from morphine-treated animals (+M10), but, as expected, it did inhibit agonist binding to
PM isolated from control animals (-M10). Morphine-induced increase of ligand binding to 5-OR was substantially
higher when more specific ligand, [P(H]DPDPE, was used for determination of §-OR in brain membranes. Maximum
number of [*H]DPDPE binding sites in morphine-treated membranes was 2.1-fold higher than in control
membranes. Thus, the inhibition of agonist binding by sodium was detected in control membranes only. Our results
indicated a specific up-regulation of adenylyl cyclases | (8-fold) and 11 (2.5-fold) and significant increase of proteins

functionally related to oxidative stress and apoptosis.

Conclusions: Sodium ions have been described as efficient inhibitors of agonist binding to numerous GPCR
including OR, causing the shift of receptor molecules from active (R*) to inactive (R) conformation and the
uncoupling of receptor from the cognate G protein, i.e. inverse agonist effect. The low sensitivity of §-OR to
inhibitory effect of sodium in morphine-treated samples of forebrain cortex may be interpreted as disturbance of

equilibrium between the active and non-active forms of 3-OR molecules.
Key Words: sodium, morphine, rat forebrain cortex, opioid receptors.
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Abstract

Purpose: Amyotrophic lateral sclerosis is a rapidly progressive and fatal neurodegenerative disease caused by loss
of motor neurons. Many studies showed altered levels of homocysteine (Hcy), methionine (Met) and glutamic acid
(Glu) in ALS patients. The aim of this work was to compare various types of solid phase particles for online

preconcentration of amino acids by online coupling of solid phase extraction and capillary electrophoresis.

Experimental description: The mixture of standard solutions of amino acids (0.1 — 100 umol/L) with addition of
boric acid (0.4 mol/L, pH 9.3) was derivatized with fluorenylmethyloxycarbonyl chloride (FMOC, 5 mmol/L)
(100:50:100 v/v/v). The construction of SPE-CE capillaries was carried out as described elsewhere.! The
microcartrige (L =5 mm, 360 um OD x 150 um ID, fused-silica capillary) was filled with various commercially
available SPE particles: silica-based C18 (irregular, 55-105 um, Sep-Pak C18), silica-based C8 and C18 (spherical,
55 um, Strata®), polystyrene-divinylbenzene hydrophobic particles (PS-DVB, Chromabond®, 45 and 85 um), and
mixed mode hydrophilic-lipophilic balanced particles (Oasis® HLB, 55 um). The background electrolyte (BGE)
was composed by 50 mmol/L boric acid, at pH 10 and the potential of 20 kV was applied for CE run.

Results: The various types of SPE particles were compared for online extraction and preconcentration of FMOC-
derivatized amino acids. The results showed that using irregularly shaped silica-based particles rendered unstable
current in CE analyses. Higher peak intensity was observed when using PS-DVB particles with higher diameter.
The SPE-CE using Oasis® HLB particles showed similar results compared to the spherical C18 and PS-DVB

particles with 85 um in diameter.

Conclusions: The online coupling of SPE and CE allowed the preconcentration and separation of all amino acids
with an increase in signal intensity up to 100 times within 45 min of analyses. The SPE-CE using Oasis® HLB
particles were chosen as the most suitable for analysis of homocysteine, methionine and glutamic acid. Validation

and application of the method for analysis of plasma samples is underway.

Key Words: online solid phase extraction, capillary electrophoresis, amino acids, amyotrophic lateral sclerosis
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Abstract

Protein biomarker discovery for medical diagnostic or for pharmacological purposes is an issue of primary
importance for the proteomic community. In proteomics, the traditional sample treatments for protein identification
through trypsination are tedious and time-consuming. Nowadays, ultrasound energy is gaining momentum to speed
up sample digestion as well as different steps of the sample treatment for protein identification. Thus, gel washing,
enzymatic digestion and peptide extraction from gels are speeded using USE. However, there is still a lack in the
number of samples that can be treated at oncel,2,3,4. Herein, we propose the use of a new ultrasonic technology,
the Microplate Horn Assembly, to reduce the complexity of classical protocols to identify proteins as well as to

increase the number of samples treated a once to an unprecedented level.

Keywords: Proteomics, protein identification, ultrasound energy, protein biomarker discovery
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Abstract

Purpose: Long-term peritoneal dialysis (PD) leads to morphological and functional alterations in the peritoneum,
reducing the lifespan of this dialysis up to five years, and forcing the replacement of PD by other renal replacement
therapies. Peritoneum failure does not occur in every patient in the same sequence and to the same extent. This work
aims to develop longitudinal studies to unravel the evolution of the proteome of the peritoneal dialysate with time,

so biomarkers and molecular profiles for diagnosis and prognosis can be obtained.

Experimental description/ Results: Peritoneal dialysis effluent (PDE) samples from anonymous patients,
already at different stages of dialysis were taken. The PDE from the patients was analyzed using 2D gel
electrophoresis'. Gel comparison and statistical analysis using Progenesis SameSpots indicated the gel spots
differentially expressed for each patient (PO1 (6 proteins overexpressed (1), 3 underexpressed (|)); P02 (7(1),
2(1)); P03 (12 (1), 19 (|)); P04 (4 proteins (|)); P05 (5 proteins (1), 2 ({)). All the detected spots were excised
digested and identified by MALDI-MS.

Conclusion: All the identified proteins were studied for their biochemical function. Identification of specific
molecular changes can be particularly interesting for the understanding and early detection of long-term peritoneum

alterations as well as for the development of new therapies to increase the lifespan of the peritoneal dialysis.
Key Words: Peritoneal dialysis, Peritoneal dialysate effluent, MALDI-TOF-MS, 2D-SDS-PAGE, long-term PD.
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Abstract

Purpose: Over the past few years, there has been an intensification in onset of ocular diseases among worldwide
population. The incidence of eye pathologies upsurges with advancing age, leading to a decline of normal eye
function and even to blindness. Ocular diseases are frequently triggered by chronic disorders, such as diabetes or
hypertension which affects retina, and by alterations in its position, leading to retinal detachment (RD). Recent
studies indicates that human vitreous humor (VH) suffers proteome alterations according to the actual physiological
and disease state of retina. However there are only few published articles regarding RD proteome. Hence, this study
is focused in VH proteome in RD, since it has become a global concern, owning to its incidence in young adults,
under certain circumstances, and in older people and with higher diopter degree. In this cases, the vitreous humor
can liquefy due to the weakening of vitreoretinal adhesion and to proteome changes and, when this occurs, the
vitreous falls upon itself causing the physical separation between the photoreceptor layer of the retina and the
underlying retinal pigment epithelium causing vision loss. There are three types of retinal detachment: exudative,
tractional and rhegmatogenous. The most common detachment phenomenon is rhegmatogenous retinal detachment
(RRD). Thus, this research aims to study the VH proteome in RRD patients, and its alterations, in order to find
potential biomarkers that could support an earlier diagnosis of this disease, decreasing the incidence of this ocular

pathology in current population.

Experimental description: To achieve those goals, several strategies were performed, including abundant proteins
depletion, protein fractionation and protein identification by mass spectrometry (MS), in order to found many
proteins as possible. The final optimized strategy combined protein fractionation using liquid chromatography (LC)
with a Q-Sepharose column as an anion exchanger, SDS-PAGE separation and protein identification by MALDI-
TOF/TOF. Additionally, VH samples from 26 patients, with ages comprehended between 26 and 82 years old, were

pooled to decrease sample variability, making the grouped sample more representative of VH proteome.

Results: In a first approach, we found 132 proteins under a 95% confidence, using Protein Pilot, where 30 proteins
share common biological associations, with a minimum score of 0.400 according to STRING10. The majority of
these 30 proteins are involved in regulation processes and share binding functions. Regarding KEGG analysis, the

identified VH proteins are involved in pathways such as calcium, HIF-1 and oxytocin signaling.

Conclusions: The developed strategy allowed to find proteins in vitreous humor of RRD patients which were not

identified using other proteomic strategies such as LC-MS.

Key Words: Proteomic analysis; Vitreous humor; Retinal Detachment; Protein identification, MALDI-TOF/TOF.
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Abstract

Purpose: Retinal detachment (RD) is a potentially blinding condition characterized by a physical space created
between neurosensory retina and retinal pigment epithelium. DR management is exclusively chirurgical but new
therapeutic approaches may improve the visual outcome after surgery. Quantitative proteomics can help to
understand the chronic disturbances in cellular metabolism during RD, providing additional information in order to

found new potential biomarkers or pharmacological targets.

Experimental description: In this study, iTRAQ labelling was employed in combination with bidimensional liquid
chromatography and mass spectrometry in order to study expression modifications in protein composition of pooled

VH obtained from human eyes with RD (n=4) when compared to macular epiretinal membranes (n=4).

Results: A total 1030 proteins were identified in vitreous, of which approximately 112 were found differently
expressed in RD in comparison with control group. From the differentially expressed proteins, 47 and 38 proteins
were found, respectively, overexpressed and underexpressed in RD VH compared with MEM controls. Using this
methodology, 334 VH proteins were newly identified in vitreous from a total of 1030 proteins. The quantitative
analysis showed that Rhodopsin and S-arrestin, involved in phototransduction, were the most significantly
overexpressed proteins, and apolipoprotein A-IV, a-1-acid glycoprotein 2 and apolipoprotein C-Il were the most
underexpressed. Also, pathways such as carbon metabolism, complement and coagulation cascades and biosynthesis
of amino acids are probably changed in RD. Abnormal interactions in these pathways could be related with the

development and progression of RD.

Conclusions: The proteomic results from this study can provide new avenues for understanding the pathogenesis
of RD and to find new biomarkers or therapeutic targets.

Key Words: Quantitative Proteomics, Vitreous Humor, Retinal detachment, iTRAQ.
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Abstract

Purpose: The choroid plexuses (CP) are unique structures in the brain located in each of the four ventricular cavities
that form an interface between the peripheral blood on the basal side and the cerebrospinal fluid (CSF) on the apical
side. The best recognized function of the CP is the production of the CSF, which secretion/composition can be
affected by the large secretory activity of this tissue. Due to its direct contact with the brain, the CSF is a potential
indicator of any changes occurring in the central nervous system. Sex hormones exert general neuroprotective
actions relevant to several neurodegenerative conditions and the prevalence of some of these neurological disorders
differs between men and women. However, little is known about their effects in CP physiology and in CSF
production and composition. Therefore, the goal of this study was to identify sex related changes in the CP
transcriptome and CSF proteome to better understand sex related differences in brain physiology.

Experimental description: This study was conducted using data previously obtained by cDNA microarray to
compare the CP transcriptome between female and male rats. This analysis was complemented by the proteomic
analysis of the CSF by two-dimensional difference-in-gel electrophoresis (2D-DIGE) coupled with liquid
chromatography and tandem mass spectrometry (LC-MS/MS) not only between females and males, but also

between sham-operated and castrated animals.

Results: Microarray analysis showed that 17128 and 17002 genes are expressed in the male and female choroid
plexus, respectively, allowing the mapping of 108 and 105 pathways, many of which were differentially regulated
between sexes. The proteomic analysis identified 5 down-regulated proteins in the cerebrospinal fluid samples from
male rats compared with females and 7 proteins exhibiting marked variation in the cerebrospinal fluid of
gonadectomised male animals in comparison to sham animals, whereas no differences were found between sham

and ovariectomized females.

Conclusions: These results clearly show sex related differences in the CP gene expression and in CSF composition,
highlighting the importance of the choroid plexus as a resourceful secretory organ involved in several biological

processes under the clear influence of sex, probably due to differences in the hormonal backgrounds.
Key Words: choroid plexus, cerebrospinal fluid, transcriptomics, proteomics
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Abstract
Purpose: The purpose of this study was to explore the differential expression of egg white proteins in different

breeds of chickens and their association with physical characteristics of hard-boiled eggs.

Experimental description: Fresh eggs collected from 31-wk-old ISA Brown, L2 strain Taiwan country chickens
(L2 strain TCCs), and Quemoy chickens, were stored at room temperature (25-26°C) for 3 days before further
analysis. The eggs were subjected to measuring general traits and physical characteristics of hard-boiled eggs
evaluation, including texture profile analysis, stress relaxation, breaking test, and puncture test. The egg white were

used for proteomic analysis.

Results: The general egg traits showed that eggs from ISA Brown had higher egg weight, egg length, and egg width
than those of L2 strain TCCs and Quemoy chickens (P < 0.05). The egg shape index, yolk weight, albumin height,
and Haugh unit did not differ among breeds. The physical characteristics of hard-boiled eggs in L2 strain TCCs
showed higher hardness, fracturability, gumminess, chewiness, puncture value, viscoelasticity, and toughness than
those of the other two breeds (P < 0.05). The levels of 16 out of 124 quantified protein spots differed significantly
among the three breeds (P < 0.05). Fifteen of the differed protein spots were successfully identified by peptide mass
fingerprinting and represented 7 distinct proteins, including Hep21 protein precursor, ovoinhibitor, ovalbumin
related protein X, ovalbumin, ovotransferrin, serum albumin, and phosphoglucomutase-1. The levels of one and
three ovotransferrin spots in L2 strain TCCs were significantly higher than those in ISA Brown and Quemoy
chickens. Pearson correlation further showed that the level of ovotransferrin was highly positive-correlated with

most of the physical characteristics of hard-boiled eggs.

Conclusions: The result of this study suggested that the reason why the eggs of L2 strain TCCs have better physical

characteristics of hard-boiled eggs may result from the higher level of ovotransferrin in their egg white.

Key Words: Chicken eggs, Egg white proteins, Physical characteristics, Hard-boiled eggs
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Abstract

Purpose: The study of global protein expression in acute myeloid leukemia (AML) patients by mass spectrometry
(MS) can help identifying differential expression and post-translational modifications of proteins that could
represent disease-related biomarkers for early diagnosis or for improved prognostics and to predict the patient
response to different therapeutics. To optimize the proteome and phosphoproteome coverage of samples from AML
patients by LC-MS/MS analysis, we have tested several methods with different peptide fractionation and

phosphopeptide enrichment strategies.

Experimental description: Peptide samples were prepared with an in-solution digestion protocol, using urea or
guanidinium hydrochloride as denaturant, and with the filter aided sample preparation (FASP) methodology.
Peptide fractionation was carried out with reverse phase/strong cation exchange (SCX) and SCX disks in a stage-
tip. Techniques for phosphopeptide enrichment included metal oxide affinity chromatography (MOAC),
immobilized metal affinity chromatography (IMAC) and sequential elution from IMAC (SIMAC).

Results: From an initial screening of the different samples on a Linear Trap Quadrupole (LTQ) Orbitrap Elite MS,
we found the best proteome coverage with the sequential FASP method, with Lys-C and trypsin as digestion
enzymes, which identified and quantified 3100 proteins from 20 pg of sample. With the same strategy, followed by
a separate MOAC/TiO2-beads enrichment of the two peptide pools, we identified and quantified 2.900
phosphorylation sites from only 250 pg of AML patient sample. On a QExactive HF hybrid Quadrupole-Orbitrap
MS, 5400 proteins and 4000 phosphosites were identified and quantified from these FASP-prepared samples.

Conclusions: To improve the proteome and phosphoproteome coverage of AML patient samples by MS analysis
to discover new biomarkers, testing of different methods can be beneficial. Based on sample preparation
optimization in our laboratory, we have chosen the FASP protocol to prepare AML patient samples for MS-based

proteomic and phosphoproteomic studies.
Key Words: AML, proteomics, phosphoproteomics, sample preparation.
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Abstract

Introduction and Purpose: Oral squamous cell carcinoma (OSCC) is one of the most frequent malignancies
worldwide. The five-year survival rate is low in OSCC and one of the reasons is that patients with tumors in early
stages frequently exhibit few symptoms, resulting in diagnosis delay and severe morbidity. An essential question in
this cancer is why individuals with histologically similar lesions have different clinical outcomes. Metabolomics
has emerged as a promising tool that may contribute to answer this question and to improve our understanding on
the mechanisms driving oral cancer development and progression. In the present study, plasma analysis was
performed to identify metabolic profiles of OSCC patients and controls as well as of patients with metastatic and

primary tumors at different stages of disease.

Experimental description: Targeted metabolite analysis was carried out on 30 plasma samples from patients with
OSCC and 12 controls for the quantitation of amino acids, biogenic amines, acylcarnitines, hexose, and lipids. The
assay was based on phenylisothiocyanate-derivatization followed by flow injection analysis tandem mass
spectrometry (FIA-MS/MS) and liquid chromatography (LC)-MS/MS. The normalized data were processed using

MetaboAnalyst software for statistical analysis.

Results and Discussion: Significant differences in the concentration of 25 metabolites were observed between
plasma from OSCC patients and controls. Similarly, the rate of free carnitine/phosphatidylcholine was able to
discriminate patients at different stages of OSCC and isoleucine/methionine levels significantly were correlated
with node metastasis. The results also showed that urea and citrulline/arginine cycles are involved in oral
tumorigenesis and that increased glutaminolysis occurs during tumor progression. In conclusion, we could
demonstrate that non-invasive metabolite analysis of plasma has a potential role in improving early diagnosis and
prognosis of OSCC.

Key Words: oral squamous cell carcinoma, metabolomics, head and neck cancer, neoplasms.
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Abstract

Purpose: Peritoneal dialysis (PD) is a form of renal replacement used for advanced chronic kidney disease. PD
effluent holds a great potential for biomarker discovery for diagnosis and prognosis. In this study a novel approach
to unraveling the proteome of PD effluent based-on dithiothreitol depletion followed by 2D-SDS-PAGE and protein

identification using tandem mass spectrometry is proposed.

Experimental description: In the present study, samples of peritoneal dialysate effluent were collect from six
patients from the Complexo Hospitalario Universitario de Ourense (CHUO). Before proteomics analysis the six
samples of peritoneal fluid were depleted with DTT and quantified using a Bradford protein assay. In order to
analyze the differences among the patients, 2D gels were carried out by triplicate for each patient. A total of 100 pg
of protein was loaded onto pH 3-10 strips, and then proteins were visualized with CBB. Gel spots were excised and
subjected to in-gel digestion and MALDI-TOF/TOF analysis.

Results: A total of 49 spots were analyzed revealing 25 proteins differentially expressed, among them many proteins

involved in calcium regulation.

Conclusions: Through this work it has been demonstrated that the proteome of the peritoneal dialysis effluent is far
from being well established. A total of 25 proteins differentially expressed have been identified among 6 patients
with PD. It is concluded that studies dealing with PDE are difficult to compare if the methodology used to treat the
samples and to identify the proteins are not the same. It has been shown that the DTT-based depletion method is a
cheap alternative to be considered to other expensive approaches. Remarkably, a group of proteins dealing with
calcium metabolism and calcium regulation has been found to be lost through peritoneal dialysate effluent. This
finding might be directly linked to the calcification of soft tissues, in patients subjected to PD, and opens new
insights into the potential use of PDE as a sample for diagnosis and prognosis of patients with renal failure. Clinical
Proteomics 2014, 11:17.

Key Words: Peritoneal dialysis effluent, 2D-Gel Electrophoresis, Protein identification, Proteomics
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