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Introduction:

Exosomes are cell-derived nanovesicles that are secreted from all types ofcells and are present in all body fluids.
Tumor derived exosomes contain molecules derived from the tumor, and thus represent an opportunity for health
monitoring and diagnosis[1].

Here an exosome proteome purification procedure has been developed with the aim to purify exosomes from low
sample amount and to study the correlation between exosome cargo and cancer progression.

Methods:

Exosomes were purified from 100 ul serum. Serum was previously depleted from bigger vesicles.

Exosomes were then isolated by precipitation and the resulting pellet was ultra-filtrated on 3kDa spin filters, vesicles
were lysed, and proteins concentrated. After protein digestion, peptides were analyzed by bottom-up-LC-MS/MS. To
reduce the serum proteins level size exclusion chromatography(SEC)has been investigated as an additional
purification step.

Results:

350 protein groups were identified, and which included 14 of the top 25 frequently identified exosomal proteins
defined by the ExoCarta database.Functional enrichment analysis of the proteomics data was performed for cellular
component geneontology. Gene ontology analysis performed by STRING reported the presence of exosomalproteins
(194 proteins in GO:0070062, FDR: 1.87e-122), PANTHER reported vesicles as the main category present in the
sample (135 proteins). Serum albumin, immunoglobulins and protein of thecomplement system were also identified
in the EVs-UF-precipitated samples, indicating that thesamples also contained soluble proteins as impurity.Serum
exosomes purified by SEC reported lower level of albumin, immunoglobulins and complement system proteins
showing the ability of the columns to further purify exosomes from contaminants.

Conclusions:

Our exosomes purification procedure will be applied to purify exosomes from cancer patient serum with the aim to
study the role of these vesicles in inter-cellular communication and to study the correlation of exosome cargo and
tumor progression. Further scaling down of the procedure will be evaluated so as to be able to analyze an even
lower amount of starting sample.

Novel Aspect:

This procedure enable the in depth proteome analysis of vesicle cargo starting from very low amount of sample.
Proteomics analysis of exosomes y bottom-up-LC-MS/MS have been overwhelmingly performed on exosomes
purified by ultracentrifugation, but which requires a lot of sample volume available and thus is not feasible on the
serum from individual mice (circalOO0ul available from a single mouse) for studying cancer mouse models [2]. The
exosomes purification method reported here enables the analysis of exosomes from individual mice.
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Mass spectrometry based proteomics and metabolomics are fast growing and powerful technologies, with the
potential to revolutionize health care and precision medicine. However, separation technologies has so far limited
throughput and robustness and thereby prevented omics technologies from being fully integrated and routinely
used in a clinical setting. Here we describe a conceptually novel low-flow chromatography system that delivers the
robustness and throughput required for clinical applications while maintaining the sensitivity of current nano-flow LC
instrumentation. The new system uses four low-pressure pumps in parallel to elute samples from a disposable trap
column while simultaneously creating a final but offset chromatographic gradient with embedded analytes.

Initially,two low-pressure pumps form a primary gradientthat flows througha disposable trap column thereby
elutinganalytes of interestwhiletwo additional low-pressure pumpspositioned right after the trap column are
modifying theeluentto create an “offset” thatincreasesthe retention of the now embedded analytes at the
separation column. The offset gradient with the embedded analytes aremoved into a long, narrow holding loop that
subsequently is switched in-line with a single high-pressure pump and a separation column. Thus elution from the
disposable trap columnand gradient formation become de-coupled from the high-pressure separation.

We have characterized the performance of the new system regarding cross contaminations (<0.05%, total TIC),
retention time shifts and peak widths (<8.5 sec) in over 1,500 Hela runs. The extremely short overhead time of
approximately 3 min/gradient allowed us to measure 60 samples per day (21 min gradient, 3 min overhead time)
compared to 40 samples with a standard nano-LC systems (22 min gradient, 15 min overhead time). To benchmark
reproducibility, we measured 100 human plasma samples in 40 hours andeach resulted in several hundred
quantified plasma proteins, including more than 50 FDA-approved biomarkers. Assured ofa high reproducibility, we
then aimed to find significant biological information in the human plasma proteome. For this purpose, we analyzed a
longitudinal weight loss study that includeda total of 319 plasma samples, where we found strongest effects on
proteins of the lipid metabolism and inflammation system.
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Introduction

Matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS) is a powerful analytical tool endowed
with the capability to analyze biological samples ranging from biomolecules to micro-organisms, up to whole
histological sections. Due to the complexity of such analytes, there is the need for ad-hoc sample pre-processing (e.g.
washing, reduction/alkylation, enzymatic cleavage), which can be performed on-target, through the use of smart
surfaces.

Methods

Cluster Beam Deposition [1,2] was adopted to deposit patterned functional films made of ultrafine TiO2
nanoparticles, either on polymeric, metallic and glass slides at room temperature. Peculiar nanoporosity and bio-
affinity of this material play a synergic role in sample capturing. TiO2 super-hydrophilicity by UV irradiation [3]
provides uniform spreading of liquid samples and optimal adhesion of histological sections onto the patterned
functional areas.

Results

Hydrophobic barrier at the border of the super-hydrophilic functional areas acts as an effective droplet confinement
structure, which allows easy and reliable on-target processing of liquid-phase samples. In comparison with standard
in-vial approach, on-target processing of protein samples (including secondary cleaning and Trypsin digestion) avoids
the loss of sample fractions, due to cleaning, as well as of peptide fractions due to their capture on vial plastic walls.
Regarding histological samples, improved adhesion avoids detachment, tearing and shrinking, during tissue
processing (e.g. dehydration, delipidation, fixation). Improved adhesion can also benefit pharmaco-kinetic studies,
where any tissue treatment should a-priori be excluded [4]. Tissue stability permits matrix removal after MALDI
Imaging, in order to carry out immunohistochemical analysis on the very same section. In general, nanoscale surface
roughness offers distributed nucleation points favoring uniform and homogeneous crystallization of MALDI matrix.

Conclusions

Advanced surface engineering concepts have been adopted to develop innovative MALDI targets aiming to reliable
on-target sample processing. Advantages were throughly demonstrated with protein samples, subjected to
secondary cleaning and Trypsin digestion, and with histological samples subjected to harsh chemical treatments
prior MALDI Imaging. Benefits are also expected in pathogen analysis as well as in robotic sample processing for
clinical diagnostics.

Novel Aspect
Improved on-target sample processing in MALDI-MS through the use of nanoporous bio-affine films made of
ultrafine TiO2 nanoparticles deposited on any kind of a substrate.
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Introduction:

Magnetic nanoparticles are of great interest in biomedicine (e.g. magnetic resonance imaging, targeted tumor
therapy), however, their biocompatibility is an ongoing concern and large—scale in vivo toxicology studies are mostly
lacking. Here we examined the effects of magnetic iron and cobalt oxide nanoparticles on the lung in mice using
label-free quantitative proteomics. The new EvoSep LC system, specifically developed for clinical proteomics, was
evaluated.

Methods:
Toxicity of iron cobalt oxide nanoparticles was examinedin vivo by intratracheal instillation in mice. Bronchioalveolar
lavage fluid (BALF) samples were collected at day 1 and 3 post exposure.Nanoparticles with different iron cobalt
composition were included (Fe Co: 1:0, 3:1, 1:1, 1:3, 0:1)testing two doses(54ug, 162ug). The BALF proteome of 168
mice was profiled by label-free LC-MS/MS(EvoSep coupled to Orbitrap Fusion Lumos, Thermo) using 21min
gradients.

Results:

Performance of EvoSep was evaluated. Average Pearson correlation coefficient of 0.99 was determined among 16
technical replicates demonstrating very high reproducibility. To increase identification and quantification a mix of
representative samples was separated by high pH fractionation and measuredin parallel. Biological replicates (168
BALF samples) were run as single shot injections using 21min gradients. A total of 1400 proteins were quantified
with average of 400 proteins per biological replicate (min: 269, max: 602). Statistical analysis was performed by
empirical Bayes moderate T test incorporated in the Limma package. Differentially expressed proteins were
clustered and enrichment analysis was performed. Highly enriched were proteins associated with extracellular
vesicles, stress and immune response, as well as glutathione metabolism, response to metal ion and reactive oxygen
species. To assist pathway identification in-depth BALF library from high pH fractionation was included in the
bioinformatic analysis.

Conclusions:

We present here a proteomic toxicity screeningtesting simultaneously 6 different nanoparticle types (magnetic iron
cobalt oxide nanoparticles with Fe Co ratio: 1:0, 3:1, 1:1, 1:3, 0:1; carbon black as control), after pulmonary
inhalationat two time points and two concentrations. As demonstrated EvoSep combined with short LC gradients
and high-resolution mass spectrometry enables high-throughput proteome profiling of clinical samples such as BALF
or plasma.

Novel Aspect:

The EvoSepLC system designed for clinical proteomics allowing for high throughput and robust measurement was
tested on real-life samples.
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Introduction:

In systemic amyloidoses (SA) different precursor proteins misfold, aggregate as amyloid fibrils and are deposited in
various tissues. Correct identification of the precursor amyloid protein is key for successful clinical treatment.
However,current diagnostic approaches are lacking. We developed an LC-MS method that assays in one analysis the
major specific systemic amyloidosis proteins, their mutations and additional proteins as generic indicators of SA.

Methods:

We developed an SRM-MS assay targeting 13 major SA proteins and often-occurring mutations plus 20 additional
proteins.To improve peptide detectability and allow for intra-sample and batch normalization, we spiked in heavy
isotope labeled synthetic peptide analogs for all targeted peptides and iRT peptides. The final assay, containing 289
precursors and 1134 transitions, was condensed to a single, 35 minute LC-SRM-MS analysis method.

Results:

A 1-pg fraction of thetrypsin digested tissue is enough to perform the developed SRM-assay. After target peptide
and transition selection and optimization together with retention time scheduling, we could quantitatively measure
more than 1000 transitions in a 35 minute LC gradient.

Three sets of in total 226 samples consisting of control samples and patient samples with varying levels of the SA
types ATTR, AA, AL-L and AL-K were measured with the SRM-assay. One set was used to create a prediction model
based on amyloid protein intensities. The two other sets were used to test and validate the prediction model. The
amyloidogenic precursor protein was correctly detected with >80% specificity and sensitivity. The correctness of
diagnosis increased with increasing disease severity. Potentially present mutations could be detected simultaneously
with the assay.

Conclusions:

An amyloid signature of 20 proteins was developed to diagnose the presence of amyloid fibrils in fat tissue aspirates
from systemic amyloidosis patients regardless of type and to gauge SA severity.

The high specificity and sensitivity of the assay combined with its relative straightforwardness make it an interesting
alternative to the contemporary SA diagnosis pipeline.

Novel Aspect:
Single, 35-minute LC-SRM assay simultaneously diagnoses, types and grades 13 different SA types including their
potential mutations.
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Introduction:

Soy is one of the eight major allergenic foods, that can cause severe reactions. But little is known so far about the
fate of allergenic soy proteins during gastrointestinal digestion. Beside already published potential epitopic regions
of different soy allergens with the ability to bind Immunoglobulin E and cause an allergic reaction, there is still no
profound knowledge about kinetics of allergen degradation and characterization of degradation products [1].

Methods:

The three phases of human gastrointestinal digestionof dried soy beans were simulated with a standardized in-vitro
digestion model [2]. While time dependent degradation of intact soy proteins was analyzed by SDS-PAGE, the
identification of the highly complex set of degradation products was performed by micro-LC-MS/MS on a Q-TOF
instrument in a software assisted proteomics approach. Degradation rates were estimated by label-free
guantification for each phase.

Results:

For major soy allergens B-Conglycinin (Glym5) und Glycinin (Gly m 6) degradation was observed during
gastrointestinal digestion. Gly m 5 B-subunit showed the highest stability during gastric digestion whereas a-subunits
of Gly m 5 and Gly m 6 subunits were largely degraded during 30 minutes of gastric digestion. For both phases highly
complex mixtures of low-molecular products (Gly m5: 121 peptides, Gly m 6: 405 peptides) could be identified.
Gastrointestinal digestion seems to follow a multi-step mechanismin repetitive patterns regarding time dependent
formation and degradation kinetics of peptides with different length. Investigation of digestion kinetics by label-free
guantification verifies that some proteins are degraded into larger peptides at an early digestion state, whereas
others are degraded as late as in the end of gastric phase. Regions in the amino acid sequence overlapping with
previously identified epitopes could be determined, suggesting that these peptides can trigger allergic reactions after
intestinal absorption.

Conclusions:

By Simulation of gastrointestinal digestion of soy in an in-vitro model time dependent degradation of major soy
allergens B-Conglycinin und Glycinin could be determined as well as differences in formation kinetics of degradation
products. Additionally, degradation products of both allergens with intact epitopic regions could be identified,
keeping the ability of IgE-binding to potentially cause an allergic reaction after absorption by the intestinal mucosa.

Novel Aspect:
Time dependent degradation of allergens and formation of potential allergenic products could be observed by
simulated gastrointestinal digestion in an in-vitro model.

References:
1. Saeed H., Gagnon C., Cober E., Gleddie S., Molecular immunology, 70, 125 (2016).
2. Minekus M, Alminger M., Alvito P., Ballance S., Bohn T., Bourlieu C., Carriére F., Boutrou R., Corredig M.,

Dupont D. et al., Food & function, 5, 1113 (2014).
1291 - PROTEOMIC PROFILING OF EXTRACELLULAR VESICLES DERIVED FROM MESENCHYMAL STROMAL CELLS

Jessica Brandi (1)

University of Verona, Department of Biotechnology, Verona, Italy (1)



J. Brandil, A. Adamo2, M. Manfredi3,4, E. Robotti3,4, E. Marengo3,4, D. Cecconil, M. Krampera2

1 Department of Biotechnology, University of Verona, Verona, Italy

2 Department of Medicine, University of Verona, Verona, Italy

3 ISALIT, Spin-off of Department of Sciences and Technological Innovation, University of Piemonte Orientale,
Alessandria, Italy.

4 Department of Sciences and Technological Innovation, University of Piemonte Orientale, Alessandria, Italy
Keywords: Mesenchymal stromal cells, Extracellular vesicles, Shotgun Proteomics

Introduction:

Mesenchymal stromal cells (MSCs) are adult multipotent stem cells used for regenerative medicine and
immunomodulation [1]. Extracellular vesicles (EVs) released by MSCs act as their paracrine effectors by delivering
transcription factors, oncogenes, mRNA, microRNA, and proteins to target cells [2]. In this study, we have
investigated the immunomodulatory capabilities of EVs derived from primed-MSCs (pEVs) compared to control
(cEVs), through a SWATH-MS approach.

Methods:

Shotgun mass spectrometry (MS) analysis has been performed on pEVs and cEVs in order to characterize and
compare their proteomic profile. Proteins differentially expressed were evaluated in silico using different
bioinformatic prediction tools. Multivariate pattern recognition methods like Principal Component Analysis (PCA)
and Partial Least Squares Discriminant Analysis (PLS-DA) were also employed. Selected proteins and pathways were
validated using Western Blot and flow cytometry analysis respectively.

Results:

Shotgun proteomic analysis revealed in pEVs, a strong modulation of proteins involved in many processes related to
immune response. The results obtained through SWATH-MS analysis, were validated through western blotting, by
selection of four candidate proteins according to their immunomodulatory potential. Proteins differentially
expressed in p-EVs compared to c-EVs were mapped to terms in the GO database. Biological process classification
showed enriched terms categories such as “leukocyte migration”, and “leukocyte cell-cell adhesion” suggesting a
possible involvement of pEVs in modulating immune effector cells activity. Enrichment analysis of pEVs
downregulated proteins revealed that the top four identified pathways are: “PI3K-AKT signalling pathway”,
“regulation of actin cytoskeleton”, “focal adhesion” and “leukocyte trans-endothelial migration”. The expression and
phosphorylation profile of different components of PI3K-AKT signalling pathway was evaluated by flow cytometry in
activated B lymphocytes. Our results showed that, the treatment with pEVs, induced a significant down regulation of
the pathway compared to cEVs.

Conclusions:

The molecular characterization at protein level of pEVs derived from MSCs, and the consequent functional validation
of candidate pathways in activated B lymphocytes, will suggest novel therapeutic perspectives for the treatment of
inflammatory and autoimmune diseases.
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Introduction:

Reduction of synaptic activity is an early event in several neurodegenerative diseases. In two earlier studies we have
used affinity purification combined with PRM-MS to demonstrate increased CSF levels of the synaptic proteins
synaptotagmin-1 and SNAP-25 in patients with Alzheimer’s disease compared with controls(1, 2). In this study the
strategy was further developed to concurrently measure levels of both proteins in individual patient CSF samples.

Methods:

The immunoprecipitation was performed on a KingFisher™ Flex System which uses magnetic rods to move particles
through the various binding, mixing, washing and elution phases in a 96 well plate format. HR-PRM analyses were
performed on a Q Exactive™ Hybrid Quadrupole-Orbitrap™ MS coupled to an Ultimate 3000 standard liquid
chromatography system. The instrument was set to acquire scheduled pairs of PRM scans in profile mode.

Results:

In this study, we developed and validated a high-throughput assay for concurrent quantification of synaptotagmin-1
and SNAP-25 in clinically relevant volumes of CSF. The assay was utilized to compare the levels of synaptotagmin-1
and SNAP-25 in a clinical cohort with CSF samples from patients diagnosed with early AD, prodromal AD, mild
cognitive impairment, late AD, mixed AD, and non-demented controls. The increased CSF levels of both
synaptotagmin-1 and SNAP-25 in AD patients compared to controls are in agreement with the results from two
previous studies were CSF synaptotagmin-1 and SNAP-25 were quantified separately.

Conclusions
We have shown that automated immunoprecipitation combined with PRM-MS is robust and sensitive enough to
concurrently measure two synaptic proteins in CSF from individual patients.

Novel Aspect:
This platform will make it feasible to perform larger and diagnostic diversified studies as well as adding other
biomarkers mirroring other pathologies.
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Introduction:

Comprehensive, robust, high-throughput analysis of the plasma proteome has the potential to enable analysis of the
health state. Up to now, analysis of the plasma proteome was achieved using delicate nano-flow setups. To reduce
this limitation, we established a robust capillary-flow LC-MS-DIA setup capable of measuring 32 plasma proteomes a
day. Using this setup, we acquired the samples of a large-scale weight loss and maintenance plasma sample
study(DiOGenes).

Methods:

Plasma samples were randomized and prepared with an optimized in-solution digestion protocol and spiked with
Biognosys’ PlasmaDeepDive. The samples were acquired on a Thermo Scientific Orbitrap Fusion Lumos connected to
a Waters M-class UPLC and a 300um*150cm Waters CSH 1.7um column. DDA runs were performed using HPRP
fractionation. DIAwasdonein a 45 min injection-to-injection mode. Analysis of DIA runs was performed using
Spectronaut Pulsar.

Results:

After testing several combinations, we obtained optimized conditions using a 300 um inner diameter column. This
setup has the advantage of offering increased flow rates (5 pl/min) resulting in small injection-to-injection overhead
times (i.e., 5 min). A gradient of 40 min was determined as an optimal gradient length, resulting in 90% of the
maximally achieved identifications with longer gradients. Further characterization of the system showed precise
quantification of 47 FDA approved plasma biomarkers (CVs below 20%).

We successfully used this capillary LS-MS DIA setup to acquire 1,508 (plus 66 control pools) samples of the DiOGenes
project. We identified in average 450 proteins per samples and achieved a dataset completeness of 77% at the
protein level. Proteins of the inflammation system were the most variable and proteins involved in blood coagulation
were the least variable protein groups. Unsupervised clustering showed that the weight loss was most severe
intervention accompanied with significant protein changes in plasma.

Conclusions

Differential abundance analysis identified proteins to be significantly differential between all of the time points
revealing biology. Non-enzymatic addition of glucose to proteins (i.e., glycation) was detected and could be followed
over the time course of the study. The PlasmaDeepDive kitcould be used to perform extrapolation to all identified
proteins enabled label-free absolute quantification of 490 additional proteins in of 1,472 plasma samples.

Novel Aspect:
High-throughput capillary-flow DIA of 1,574 human plasma proteomes with label-free absolute quantification and
unbiased determination of glycation sites.
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Introduction:

Bio active peptides are involved in the regulation of major physiological processes that occur in an organism [1].
Classical bio active peptides are cleaved from their precursor and are directed towards the secretory pathway
[2].Recently, another novel class of bioactive peptides often termed as SEPs (sORF encoding polypeptides) alias
micro peptides alias non-classical bio active peptides were discovered [3]. These are called non-classical because
they are translated directly from small ORFs [3]. Therefore, they lack a signaling sequence and are released into the
cytoplasm, not directed through the secretory pathway [3].Despite their unconventional expression, some of these
peptides are found to play critical functionalroles [4-10]. The first SEPwas discovered in c.elegans in 1996 [11]. From
then, many sORFs were discovered in plants such as Polaris gene (Arabidopsis thaliana), ROTUNDIFOLIA4, Brick,
Zm401 and Zm908pl [12-16].Recently, with the advent of ribosome profiling (an RNA sequencing technique),
millions of sORFs potentially translated to peptides were discovered in Saccharomyces cerevisiae, Drosophila
melanogaster, Mus musculus, Danio rerioand Homo sapiensby various research groups[17-18]. Although ribosome
profiling experiments predicted SEPs that are being translated, proving their actual bio chemical existence is quite
challenging. In 2012, with the aid of mass spectrometry 90 SEPs were identified in a human cell line [19]. This was
followed by the identification of 237 SEPs in humans in 2017 [20].Since their discovery, millions of SEPs were
predicted through ribosome profiling data but only few (hundreds) SEPs were biochemically identified. Four
challenges hamper these identifications.The peptides are thought to be in Low abundance(1) — Ingeneral natural
peptides are less abundant than cytosolic proteins; 2) Narrow mass range — The mass range of SEPs is between 0 -10
KDa which is often missed in the regular proteomic analysis, therefore they are absent in most proteomic data
repositories. In addition they often lack of cleavage site for the proteases;3) Difficulties in data analysis —Search
enginesare typically not good to identify long peptides with multiple charges;4) False positives— (During the database
search) The databases that are typically used are concatenated ones that contains both known large proteins and
predicted SEPs. Due to (up to)a 100 fold larger number of the predicted SEPs (millions) in the database when
compared to known uniprot entries, false discoveries are likely to aggregate more in the SEP database. In present
study, we performed an extensive analysis on mouse brain striatum sample with an intention to identify SEPs. In
order to do so, we developed a protocol to overcome the challenges that arise during the process of identifying
these peptides with a high confidence.

Methods:

The mouse brain peptides were extracted using a mixture of methanol:water:acetic acid (90:9:1). The peptides were
fractionated into 20 fractions in reverse phase liquid chromatography. All the fractions are analyzed in nanolLC
QExactive plus orbitrap mass spectrometer, 60 min linear gradient for each fraction. Two replicates for each fraction
were run.

Peptide identification:A concatenated database was used: “mouse uniprot reviewed proteome downloaded on
2017-03-01 + predicted SEPs from mouse ribosome profiling data (sorfs.org) + contaminant database [2017-03-01]".
The database searching is performed in three methods:

PEAKS(version 7.0, Bioinformatics Solutions Inc.) was used as the first strategy for the database search. Variable
modifications used in the settings are: oxidation of methionine, C-terminal amidation of peptides, N-terminal
acetylation of proteins, pyro-glu formation from glutamine and glutamic acid at N-terminus, acetylation of lysine,
phosphorylation of tyrosine, threonine and serine.

The peptides are searched with Mascot (Version 2.1, Matrix science Pvt Ltd) and Sequest HT (University of
Washington, USA) with no enzyme selected. The spectra from precursors with mass range from 500 to 10000
Daltons were selected for the identification process. The database search was conducted on deconvoluted data that
was exported from PEAKS. The precursor mass tolerance was set to 10 ppm and the fragment ion mass tolerance
was set to 0.02 Daltons. Only high confident peptides (1% False Discovery Rate) were chosen in this analysis.
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Dynamic modifications including N-terminal acetylation of protein, N-terminal pyro-glutamic acid formation from
glutamine, C-terminal amidation of peptide and oxidation of methionine were set as variable modifications. A global
false discovery rate (FDR) for peptide and protein identification was set to 1%.

The third approach is similar to the second approach but without using a deconvolution step.

Peptide validation:After identifying peptides with high confidence. The resulting peptides were validated through
four steps.

Manual verification of the fragmentation spectrum for the ion series match.

BLASTp analysis for the novelty of the identified SEPs. In this section, the fragment that is matched with the in-silico
generated ion series was only searched through BLASTp but not the whole identified sequence.

MS2PIP based validation: MS2PIP is a tool that generate predicted ion peak signal intensities based on artificial
neural network. The experimentally identified fragmentation spectra was be matched to the MS2PIP generated
fragment intensities [21].

The sORF attributes such as ORF score, FLOSS score, Ribosome occupancy, conservation, and in frame coverage of
the identified SEPs will be checked [18,22].

Only those peptides passing all validation steps, are considered confident. Finally experimental fragmentation
spectra of the identified peptides were compared to that obtained from a synthetic equivalent.

Results:

In total 5650 unique peptides were identified combining both the replicates. Using charge state deconvolution of
peptides, we observed 36% increase in unique peptide identifications and we identified longer peptides ranging from
0-85 AA long.Classical bio active peptides: 926 peptides originating from 37 neuropeptide precursors were identified.
Non classical bio active peptides: 12 peptides originating from 4 SEPs were identified.

Prior to the validation steps, 53 putative SEPs were identified with 1% FDR (this number can be comparable to the
previous studies identifying 90 SEPs). Out of the 53, 49 identifications passed through the first filter (manual
sequence verification). Out of 49, only 11 identifications passed through the second filter (BLASTp based
verification). Out of 11, 6 identifications survived the third filter (MS2PIP based validation). Out of 6, 4 SEPs passed
through the fourth filter (sORF attributes cross check).

Conclusions:

A protocol to identify a complete set of natural bioactive peptides is created. Using this approach we identified 926
peptides originating from 37 neuropeptide precursors. To our knowledge, using peptidomics approach, this is the
highest number of peptides derived from neuropeptide precursors identified in mouse brain in any study so far.
Using a four step validation approach we effectively reduce the chances for eliminated false positive identifications
and confidently identified 4 SEPs, out of which 3 SEPs are novel.
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Novel aspect:

First, identification of 926 peptides originating from 37 neuropeptide precursors through peptidomics approach in
mouse brain striatum is the highest number of unique peptide identifications reported till date.

Second, the concept of SEPs is relatively novel which originated in 1996. There are studies proving the functional
importance of the SEPs. These SEPs can be a heavy interest for the pharmaceutical companies. Most importantly, we
observed false positive identifications in the data where few studies claim to identify SEPs. In this study we proposed
a method to eliminate the false positives and result with confidently identified SEPs. In our study we confidently
identified 4 SEPS, out of which 3 SEPS are novel and not reported previously.
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Introduction:

Accurate differential diagnosis of hypertensive disorders is important during pregnancy, because it affects the
outcome for the mother and fetus. The high potential of urine peptidomics has been demonstrated for clinical
purposes. Several MS based approaches have been successfully applied for urine peptidome analysis and potential
biomarker search. Herein we apply LC MS to identify a peptide panel for differentiation of hypertensive disorders
during pregnancy.

Methods:

A case-control study was designed for 64 women from 4 groups: preeclampsia (PE), superimposed PE, chronic
hypertension, and healthy pregnant individuals. The urine peptidome fraction was separated using
ultracentrifugation, purified by gel-filtration, and analyzed with nano-HPLC coupled to a high resolution 7T LTQ-FT
Ultra (Thermo) mass-spectrometer and semiquantitative label free analysis was performed.

Results:

Analysis of the LC-MSMS data from different groups of patients showed that 36 peptides were common for them all.
22 belonged to alpha-1-chain of collagen |, 9 were from alpha-1-chain of collagen lll, 2 from alpha-2-chain of collagen
I, 1 from alpha-1/2-chain of collagen I, 1 from alpha-1-chain of collagen I/XVIIl and one from uromodulin. Patients
with hypertensive disorders had 34 common peptides: 12 from alpha-1-chain of collagen |, 10 from fibrinogen alpha-
chain, 8 from alpha-1-chain of collagen lll, and 4 per other types of collagen. The most important is a group of 16
peptides common for PE and superimposed PE cases. It consists of peptides from alpha-1-chain of collagen |, alpha-
2-HS-glycoprotein, apolipoprotein A-1 — one per each and the rest 13 belong to alpha-1-antitripsin. Fibrinogen
peptides in the urine point to inflammation processes and those of alpha-1-antitripsin — to changes in metabolic
ways of protein degradation.

Conclusions

Fragments of alpha-1-antitrypsin confirmed their importance as markers of pre-eclampsia suggested earlier.
Statistical data analysis by non-parametric Kruskal-Wallis and Mann-Whitney tests showed the presence of 12
peptides differentiating at least one pair of groups.

Novel Aspect:

Comparative analysis revealed 12 peptides, which could be used as a diagnostic panel for confident discrimination of
various hypertensive disorders.
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Introduction:

Hydrogel-forming polymeric scaffolds (HyPS) provides a favourable 3D biomimetic and biodegradable environment
for Human Mesenchymal Stromal Cells (hMSCs) [1]. Recently, in HyPS engineered with hMSCs, human platelet lysate
(hPL) has been shown as highly effective to stimulate the hMSCs cell-growth and osteo-chondral differentiation [2-
4]. The proteins responsible for its beneficial effect have been not yet clarified and will be herein investigated by MS.

Methods:

Quali-quantitative evaluation of hPL (n=4) compared to PlateletsPoor Plasma (PPP)(n=4) was achieved by label-free
shotgun proteomics. IgG and albumin depleted and not depletedsamples were trypsinized [5] and analysed by nLC-
UHRTOF. Data was submitted to PEAKS studio and Mascot.

Proteomic images of chondrogenic differentiatedhMSCs from bone marrow (BM) and adipose tissue (AT), grown in
HyPS for 21days with hPL, were obtained byRapifleX MALDI TissueTyperTM [6].

Results:

About 450 and 570 protein IDs were identified in not depleted and depleted hPL and PPP, respectively. 59 of them
resulted specific of hPL and not present in PPP independently from depletion, representing a possible panel of
factors involved in cell stimulating effect of this supplement. Relative quantification highlighted 7 and 43 proteins
significantly altered in their abundances comparing hPL vs PPP in not depleted and in depleted samples (fold
change>1.5; p<0.05; >2unique peptides). 3 of these differences were in common, including a critical proliferation
regulator. The functions and networks of the proteins of interest were investigated and compared. In situ proteome
evaluation of AT-hMSCs and BM-hMSCsgrown in HyPSin vitro models for 21 days in presence of hPL and chodrogenic
medium was also provided. Histology evaluation was also performed with H&E.The molecular images of trypsinized
samples were co-registered with the stained counterparties and co-localization of specific peptide signals with
differentiated cells were enlightened.

Conclusions:

Shotgun analysis and label-free quantification of hPL and PPP allowed to ‘proteomically’ characterize the
supplementand to highlightpossible candidates responsible for the beneficial effect onto the proliferation and
differentiation of in vitro models.

MS imaging analysis of seeded scaffold permitted also to recognize proteomic profiles specific of
chondrogenicdifferentiated cells for in situ monitoring cell expansion and maturation.

Novel Aspect:
Proteomic characterization of hPL and MS imaging analysis give importantinformationto clarify and monitor the
hMSCschondrogenic differentiationin in vitroHyPS3D model.
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Introduction:

As the elderly population grows, yoga gets more popular as one of the exercises to improve the quality of life and
health of the elderly. Glycoproteins in human plasma are known to be associated with multiple diseases, cell
differentiation, aging, and etc. This study intends to examine the efficacy of yoga by identifying and comparing the
glycoproteins in human plasma from elderly yoga groups before and after participation in a fall-prevention yoga
program.

Methods:

Human plasma were collected from both Advanced level group and Beginner level group before and after
participation in a fall-prevention yoga program. The plasma were pooled and affinity-selected using self-packed LEL
columns. The capturedglycoproteins from each plasma were then trypsin digested and deglycosylated with PNGase
F. After that, proteins were identified with nLC-MS/MS and database searchesin both groups.

Results:

Plasma glycoproteins were identified from bothBeginner level group and Advanced level group before and after 4-
month of yoga practice. The average age and sex ratio were equally matched in each group for the same
experimental conditions.

The results show that the number of plasma glycoproteins in Advanced level group is less than that of Beginner’s
group, demonstrating an inverse correlation between number of plasma glycoproteins and yoga experience.

Conclusions

As the result of 4-Monthyoga Program, the numbers of glycoproteins in the blood plasma tend to decrease for yoga
participants. The longer the participants have enrolled in the program, the greater the change in the number of
detected glycoproteins for the same 4-Month of yoga Program. Glycoprotein compositions of healthy elderly people
have been obtained as reference data for future related studies.

Novel Aspect:
This is a comparative plasma glycoproteomics between elderly healthy yoga groups to see the efficacy of yoga
programs with lectin affinity selection.
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Introduction:

Synovial fluid Alpha defensin is regarded as a potential biomarker for rapid identification of periprosthetic joints
infections (PJI). The availability of a method not prone to interferences, with high sensitivity and specificity, could be
of great help to clinicians, to make treatment decisions. LC-MS technology is widely used to measure new
biomarkers, due to high selectivity and high sensitivity. We developed and validated a LC-MS method to perform
synovial fluid alfa-defensin quantification.

Methods:

Synovial fluids (SF) samples were sample left over obtained from Patients referring to a large Italian private hospital.
A pre-analytical step was performed based on chemical protocol to obtain a peptide from trypsin digestion of
protein. The quantification of peptide are carried out by blank synovial fluid (spike solution) and simulant of synovial
fluid (simulant [1]) in range from 0.1 to 100 pg/ml. To develop the LC-MS method, two different platforms (LC-QTOF
and LC-MS/MS) were used.

Results.

The isolation and identification of the marker peptide from alpha defensin was achieved by LC-QTOF analysis by
Auto-MS acquisition of data, after tryptic digestion of synovial fluid sample, positive for the presence of alpha
defensin (Positive in according to MSIS criteria). The raw data were elaborated with Spectrum Mill Software, to verify
the uniqueness of marker peptide of alpha defensin: the peptide LWAFCC is identify as a specific marker for the
presence of alpha defensin. To evaluate the method performance, LOD and LOQ are calculated with 60 replicates of
negative samples, in accordance to CLSI EP17-A2:20012 [2]: the best results are 0.09 pg/ml for LOD and 0.29 pg/ml
for LOD performed by nagative matix spike and LC-QTOF analysis. For December 2016 to November 2017, 119
synovial fluid samples are tested (from 119 patients, 92 aseptic and 27 positive by MSIS criteria): the results are cut-
off value of 1.0 ug/ml, AUC 0.992 (95% C.l. 0.98-1.0), sensitivity 100%, specificity 96.3%, PPV 90% and NPV 100%.

Conclusions:

Presently, Alfa defensin measure in SF is performed either by laboratory based alpha- defensing immunoassay or by
Synovasure “quick test” (lateral flow test kit). Both methods claim high degree of accuracy in the diagnosis of PJI [3].
LC-MS offers the potential to be an alternative to immunoassays and offers the highest sensitivity and precision for
the identification and detection of analytes, although it still requires high skilled professionals and may need a long
TAT.

Novel Aspect.

The results of the LC-MS assay validation show a robust method for qualitative and quantitative research of alpha
defensin in synovial fluid.
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Introduction:

One of the prominent obstacles in hepatocellular carcinoma (HCC) is the diagnosis in advanced stageswhen patients
have several liver dysfunctions, limiting treatment options and life expectancy.A specific molecular signature is “a
must” to be established to complex diseases, as HCC, to better monitor the development and progression of those
pathological stages [1,2].Cancer multiomics approach couldrevealglobal signature under different biological
scenarios, especially for redundant alterations as those seen in HCC [3].

Methods:

Nine patients with HCC, submitted to orthotopic liver transplant, and nine non-pathological patients (donors,
negative control) were evaluated.Label-free LC-MS/MS-basedproteomics (350 to 1.800 m/z, positive mode)
andMALDI-TOF/MS-based lipidomics (600 to 1.200 m/z, positive mode) analysis were performed associated with
statistical analysis (Progenesis QI®) and chemometric approach (MetaboAnalyst®)to compare plasma global
proteinand lipid profiles.The present study was approved by the Research Ethics Committee of the Federal
University of Ceara (COMEPE 026/98).

Results:

The results displayed two distinct proteomicandlipidomic profiles within pathological conditions versuscontrol. The
criteria for protein classification for biomarkers prospecting study used the highest fold change variation (> 5),the
highest VIPscore (1.9-1.4) after PLS-DA (PLS-DA imp, p<0.05) performance and GO annotation analysis. In total,
seventeen proteins were highly indicated for future validation. Cofilin-1 andlg heavy chain variable region highly
contribute topathological phenotype when compare to control group under PLS-DA analysis. In patients with HCC,
the major variations on fold change were detected at up-regulatedimmunoglobulin kappa variable 4-1(fold change
1716.93) and down-regulated Procollagen C-endopeptidase enhancer 1 (fold change 221.49) proteins. The criteria
for lipid identification by important features of relative concentrations used the highest VIPscore (2.5-1.0) after PLS-
DA (PLS-DA imp, p<0.05) analysis. The most abundant lipid in control patients is phosphatidylcholine (PC), with four
ions contribution under PLS-DA analysis. In contrast, in HCC patients there was a shift on lipid profile, with
phosphatidylethanolamine (PE) contributing as equally as PC, under PLS-DA analysis. Glycerophospholipids highly
contribute to pathological phenotype when compare to control group.

Conclusions:

In this research, variations on fold change and VIP score displayaberrant expression and contribution of several
proteins, allowing the screening of 17 biomarkers candidates for future validation. Alteration in ratio between PC
and PE revealed glycerophospholipidsimbalanceas potential diagnostic biomarkers pathway in a non-invasive
method for HCC, as well for other liver diseases.Lipidomics and proteomics analysis, assessed individually or
together, revealed possible candidates for diagnostic markers in a non-invasive method for HCC, as well for other
liver diseases.

Novel Aspect:
Applying mass spectrometry to clinical questions under a translational-multiomic-approach provides deeper

understanding onadvanced HCC and possible biomarkers candidates [3,4].
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Introduction:

Sepsis causes one death every 5.2 seconds worldwide [1].To achieve rapid patient care, prognostic markers are
needed.Predictive value of S100A8/9 complexwas recently highlighted with an ELISA[2]. However, antibody affinity
to particular isoform is questionable. Our study has assessed the prognostic value of plasmatic SI00A8 and S100A9
by combining intact protein mass spectrometry for isoformcharacterization and bottom-up quantificationof total
isoforms.

Methods:

Proteoformcharacterization includes immunoprecipitation usingspecificantibodiescoated on magnetic beads, acidic
elution and intact protein analysis on a Q-Exactive instrument operated in full MS mode.

Bottom-up assay: the antibody-free assay consists in a simple pellet and tryptic digestionprotocol using 10uL
ofplasma.The Q-Exactive was operated in thePRMmode andfourspecific peptides were monitored
withlabeledpeptides for quantification.

Results:

Intact protein analysesfollowing immunoprecipitation were used to characterize the circulating proteoforms of
S100A8 and S100A9. In plasma of septic patients, truncated, acetylated and oxidized isoformswere detected.
Peptides common to all detected proteoforms were selected to quantify the total forms. A simple antibody-free
sample preparation was developed for targeted analysis of SI00A8 and S100A9 signature peptides. Application to
clinical cohort analysis requires robust and quantitative assays. Validation in plasma of septic patientsdemonstrated
good reproducibility, linearity and peptide stability.

A cohort of 45plasma of septic patients was analyzed with the present assay, in parallel to anELISA [3]. Remarkably,
we found a significant difference in S100A8 and S100A9 concentration between survivor and non-survivor
patients(p= 0.009). Additionally, excellent correlations between MS analysis and ELISA were observed (r=0.97), thus
demonstrated similar performance for both assays.

Conclusions:

Intact mass spectrometry allowed identification of SI00A8 and S100A9 isoforms in patients with sepsis and all
isoforms were then quantified by a simple antibody-free bottom-up assay. The present method demonstrated high
reproducibility and accuracy, in agreement with the latest bioanalytical recommendations [4].It should help
harmonization of S100A8 and S100A9 quantification across laboratories, with the objective of reaching a better
sepsis prognosis.

Novel Aspect:
Novel validated LC/MS assay for S100A8 and S100A9 quantification in a cohort of patients with sepsis, provide new

significant variables for prognosis in sepsis.
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Introduction:

Nowadays infertility affects a significant number of couples and for many of them ART procedures provide a unique
opportunity of achieving pregnancy. The major factor limiting the success of IVF procedures is embryo implantation.
Studies showed that PIF peptide can be responsible for tolerances of the immune system of the mother [1]. The aim
of the project is to understand the protein interactions of the PIF peptide in human serum to understand molecular
mechanisms responsible for implantation.

Methods:

For binding proteins from human serum to PIF peptide we used affinity chromatography. PIF peptide was
immobilized on solid support and then human serum was applied to microcolumn with immobilized peptide. The
eluted proteins were subjected to bottom up analysis by liquid chromatography tandem mass spectrometry.
Fragmentation spectra obtained in connection with available bases of amino acid sequences enabled to create a list
of proteins that bind to PIF peptide.

Results:

The PIF peptide consisting of the 15 aminoacids residues (H-MVRIKPGSANKPSDD-OH) was chemically synthesized
with the variants containing cysteinpentaglycine. These variants enable to prepare affinity column for binding
proteins. The bottom up analysis with trypsin as a digestion enzyme enable to identify more proteins in a sample.
Fragmentation spectra obtained from LC-MS/MS analysis in connection with SwissProt databes enabled to identify
several proteins which bind to PIF peptide. These proteins have potential impact on trophoblast invasion, eventually
affecting placental development in the peri-implantation period.

Conclusions:

Performed methods of affinity chromatography and LC-MS/MS technique are good tools for analysis of PIF
interactome in human serum and other fluids. Presented method reveals that PIF peptide interacts with proteins
which are responsible for implantation of the embryo and immune tolerance of the mother. However, holistic
approach should be performed to understand whole mechanism of the implantation.

Novel Aspect:

The information obtained in this project can be used to develop diagnostic and therapeutic methods for monitoring
the development of pregnancy and maintaining endangered pregnancies.
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Introduction

Fibromyalgia (FM) (prevalence of 2-4%) is a multifaceted chronic pain condition. The pathophysiological mechanisms
behind FM involve both central and peripheral sensitization. Validated objective markers for involved
pathophysiological processes in FM are crucial for diagnosis, but are today unfortunately lacking.The aim of this
study were to investigate the interstitium muscle proteome in FM and healthy subjects to identify activated
molecular pathways before and after progressive resistance exercise.

Methods

30 FM patients and 30 healthy subjects were included. Microdialysis (MD) was performed in the vastus lateralis
muscle using commercial catheter (100 kDa). Dialysate samples were collected every 20 minutes during a four hours
session at a flow rate of 5 ulL/min.The proteome was analyzed by nLC-MS/MS on LTQ OrbitrapVelos Pro
(Thermo).Multivariate statistical analysis and bioinformatics were used to compare and describe the proteome
profile between the FM and controls.

Results

The proteome fingerprinting analysis of the interstitial muscle identified proteins involved in inflammatory
responses, stress response, immune system processes, muscle contraction and nociception. The insertion of MD
catheter causes an acute tissue trauma and nociception. The equilibration period for the muscle was two hours. To
investigate if the myalgic muscle reacts differently to the insertion of MD catheter compared to healthy muscle,
dialysate samples from the trauma period (20-120 minutes) were analyzed. There was a significantly altered protein
pattern in FM during the acute tissue trauma compared to the healthy controls. Important proteins whose levels
were lower in FM during the tissue trauma were proteins involved in muscle contraction. The expression levels of
proteins involved in inflammation, gluconeogenesis and stress responses were higher in FM compared to healthy
subjects. Statistical analysis on the effect of the exercise regime on the proteome profile are ongoing.

Conclusions

This study shows that the nociceptive reaction of the muscle due to the MD catheter insertion in FM is different
compared to healthy pain free subjects. The findings in this study together with the findings in plasma from the same
cohort contribute to increased knowledge about peripheral and systemic molecular mechanisms involved in the
nociceptive mechanisms in FM. Taken together our results can contribute to a better understanding of how to
improve outcomes of treatments.

Novel Aspect

MD-LC-MS/MS is a promising tool to provide new insights into the interstitial proteome of muscle and to finding
altered molecular pathways in fibromyalgia.
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Introduction:

Venoms produced by viper snakes contain medically significant toxins that play a key role in the pathophysiology of
snakebites disease.The most widely used techniques for venom analysis is LC-MS/MSbased bottom-up (BU)
proteomics[1]. On the contrary, intact protein measurement with top-down (TD)MS strategies, offers the richest
data, covering the almost complete protein sequence and the ability to identify proteoforms and to localize
modulations [2-3].

Methods:

Snake specimens were captured and milkedin their localities around three different geographical regions of
Iran.Size-exclusion chromatography (Bio-Rad NGCQuest Plus) was used for protein fractionation prior to LC-
MS/MS.Mixed and fractionated venom samples were subjected to TDand BUproteomics analysisusing Ultimate 3000
RP-UHPLC coupled to a Fourier transform orbital trapping mass spectrometry (Q Exactive HF-X, Thermo Scientific
GmbH, Bremen, Germany).

Results:

The venom toxin composition of three geographically different saw-scaled viper samples were primarily measured as
a venom mix through both, direct TD and BU strategies. The results of these approaches provide an initial overview
of the venom toxin familyon the protein level. The venom mix measurement illustrated that the venom proteomes
were dominated by PLA2 and SVMP.Considering the proteome complexity of snake venoms, pre-fractionation is an
essential part of venomicsprior toMS analysis.We therefore de-complexedthe venom of three populations by size-
exclusion chromatography into 6 fractionsfor each sample. The fractions were then applied to LC-MS/MS in reduced
and non-reduced form (TD) and also digested insolution (BU) forproteomics measurements. The
dataindicatedsequence similarities tomore than 300 proteins, belonging to 20 protein and peptide families.

Conclusions:

Accurate understanding of venom proteome contents can greatly help to improve the treatment of this neglected
tropical disease and also drug discovery.Venom research is constantly developing, based on advanced analytical
technology. Implementation of multi-dimensional separation techniques and TD proteomics using high-performance
mass spectrometryaccelerates the identification and characterization of venom components.

Novel Aspect:
First comprehensive  qualitative and  quantitative  proteomics  study of  saw-scaled viper
(Echiscarinatussochureki)venom from three different geographical regions of Iran
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Introduction:

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease that affects motor neurons in the
brain and the spinal cord. The progressive motor neuron degeneration eventually leads to death usually within 5
years of diagnosis[1]. ALS can be often mistaken for primary lateral sclerosis (PLS), which progresses more slowly[2].
In addition, comorbidities in ALS patients further complicates diagnosis, treatment and proper care[3, 4].

Methods:

In an effort to investigate protein biomarkers for better diagnosis and disease progression, serum samples from a
longitudinal cohort of 48subjects, includingALS,re-classifiedfrom PLS to ALS, and age- and sex-matched healthy
controls,were investigated. Highly abundant serum proteins were depleted and subjected to LC-MS/MS analysis. For
label-free protein quantification and data analysis, MaxQuant, Perseus and R software were employed.

Results:

Thirty-nine differentially expressed proteins between ALS patients (including subjects re-classified from PLS to ALS)
compared to healthy controls were identified. These proteins include complement factor H, complement C2 and
apolipoprotein Al, suggesting abnormality or impairment in the regulation of complement cascade and cholesterol
metabolism pathways. These findings were in agreement with the previous published studies[5, 6]. Only six proteins
were common between the ALS and reclassified ALS when they were compared to the healthy control. This could be
due to human heterogeneity or may actually representing different molecular mechanisms affecting disease
progression, which warrant further investigation. Analysis of the longitudinal patient samples revealed a number
ofproteins potentially involved in disease progression.The role of candidate proteins in ALS pathophysiology and
progression will be further evaluated.

Conclusions:

Our study revealed the presence of a distinct set of proteins in the serum of ALS patients that can potentially be used
for tracking disease progression and diagnosis.A better understanding of the pathological features characterizing ALS
will shed light onto the common and unique cellular events shared among disorders of similar etiology. This will
ultimately help to develop effective diagnostic tools and will potentially identify novel treatment strategies.

Novel Aspect:

Identification of diagnostic protein markers for ALS disease stratification from disorders of similar etiology and for
tracking ALS disease progression.
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Introduction:

Metastasis formation is the major cause for cancer-related deaths and the underlying mechanisms remain poorly
understood. In this study we describe spontaneous metastasis xenograft mouse models of human neuroblastoma
used for unbiased identification ofmetastasis-related proteins by applying an infrared laser (IR) for sampling primary
tumor (PT) and metastatic tissues, followed by mass spectrometric proteome analysis.

Methods:

IR aerosol samples were obtained from ovarian and liver metastases, which were indicated by bioluminescence
imaging(BLI), and matched subcutaneous primary tumors. Tissue ablation products were tryptically digested using a
filter aided sample preparation protocol [1].

Results:

Corresponding histology proved the human origin of metastatic lesions. Ovarian metastases were commonly larger
than liver metastases indicating differential outgrowth capacities.

Among ~1,700 proteins identified at each of the three sites, 89 proteins were differentially regulated in ovarian
metastases while 290 proteins were regulated in liver metastases. There was an overlap of 26 and 10 proteins up-
and downregulated at both metastatic sites, respectively, most of which were so far not related to metastasis such
as LYPLA2, ACTLS, EIF4B, LGALS7, GFAP, and ELAVL4. Moreover, we established in vitro sublines from PT and
metastases and demonstrate differences in cellular protrusions, migratory/invasive potential and glycosylation.

Conclusions

Our study demonstrates that BLI-guided collection in the LAN-1 neuroblastoma model is suitable to identify novel
candidate proteins that contribute to spontaneous metastasis formation in vivo. The number of regulated proteins
(showing differential expression levels in PT vs. metastatic sites) decreases in advanced metastases. The derived
sublines maintain pro-metastatic features in vitro making them highly attractive tools for future functional studies.
Novel Aspect:

Summarized, this studyidentified potential novel putative drivers of metastasis formation and provides novel
sublines of metastatic neuroblastoma.
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Introduction:
Alzheimer's disease is a fatal neurodegenerative disorder of the elderly, characterized by slow onset of memory
loss,impaired consciousness and other brain functions,which are not detected until severe and possibly irreversible
signs appear.Study of proteome changes during all stages of pathology— normal aging, mild cognitive impairment
and dementia- may allow to obtain understanding on the mechanisms of disease onset or approaches to monitor
progression.

Methods:

Comparative analysis of blood plasma proteins, peptides and their post-translational modifications was carried out
for three groups of patientsat different stages of the disorder. Proteome and peptidome fractions were extracted by
a combined set of preparative procedures and analyzed by HPLC MS/MS analysis on an Agilent 1100 HPLC system
coupled to a 7T FT ICR LTQ FT Ultra mass-spectrometerin DDA mode.

Results:

Label-free analysis of obtained data allowed to show potential protein markers specific for different levels of
cognitive disorders. Over 300 proteins were identified in total. Among the common 76 coreproteins, 15 proteins
were shown to reliably change in the MCI group in comparison with the controls. Of them 8 proteins were associated
with various neurological diseases. A similar approach was used to find the significantly changing proteins for the AD
group. A significantly less pronounced difference was observed between the AD and MCI conditions. In addition, a
search for significant differences in the post-translational modifications of plasma proteins was carried out with a
special attention to oxidative modifications known to be one of the early and valid tissue damage indicators,
especially, for brain tissues. Significant changes in levels of PTMs such as deamidation of glutamine residues,
oxidation of methionine and N-terminal residues and gluthation binding were observed.

Conclusions:

The found difference in the proteomes between groups of healthy individuals and patients with MCI and a less
significant variation between mild and heavy disease states allow to hope for a possibility to develop methods of
diagnosis at the earlier and potentially more treatable stages of the disease progression.

Novel Aspect:
The obtained protein panel can be potentially used for validation of biomarkers for screening of significant cognitive
function changes and AD onset in particular
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Introduction:
Array-based assay systems allow the analysis of hundreds of molecular parameters in a single experiment. Within
the last decade multiplexed protein analytical assays achieved robust analytical performance and enable to screen
for a multitude of parameters using minimal amounts of sample material. There are a variety of technologies and
methods available to address assay requirements in terms of covering analyte concentration, sample variety and
sample origin.

Methods:

Two assay formats addressing unmet needs in biomarker discovery developed at NMI will be presented.

Our DigiWestassay format transfers the western blot to a bead-based microarray platformextending traditional
western blotting to enable the rapid quantification of hundreds of specific proteins and protein modifications in
complex samples (1).

The second assay format combines sensitive and selective immunoprecipitation coupled with mass spectrometric
readout. The use of peptide group-specific antibodies called MS-based immunoassays employing such terminal
specific antibodies are established for several applications, including a number of cross-species drug induced organ
injury assays that represent truly translational biomarker assays.(2)

Results:

The DigiWesthigh-throughput western blot approach allowed us to identify alterations in cellular signal transduction
that occur during the development of resistance to the kinase inhibitor Lapatinib. A total of 185 western blot
equivalents were performed. Differential phosphorylation was observed for a variety of proteins; a substantial
increase in phosphorylated Aurora A, p27 and IRAK4 was detected; for other proteins a decrease in phosphorylation
was observed (e.g. MEK1, Src, Erk1/2, different sites in EGFR). (1)

For ourimmunoaffinity mass spectrometry assays the quantification of drug induced kidney biomarker candidates in
canine and monkey urine samples will be presented. The expression profiles ofosteopontin, retinol binding protein 4,
clusterin and KIM-1 in urine samples correlates with histopathology and conventional clinical pathology
parameterswhen compared to tissue samples from the same animal. The biomarker assays are more sensitive than
blood urea nitrogen (BUN) and serum creatinine (sCr) to detect early drug induced kidney injury. (4)

Conclusions:

Biomarker discovery and subsequent validation require robust technologies and assays combined with an excellent
study design to include appropriate sample sets. This is a prerequisite for any biomarker qualification process. Our
new assay formatsenable the generation of such relevant data sets and can be implemented into a generic
qualification strategy. Such new biomarkers will allow early identification, assessment and management of drug-
induced injuries throughout R&D as well as biomarkers relevant for precision medicine.
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Introduction:

Acute myocardial infarction (AMI) is a chronic disease and major cause of mortality worldwide, together with cancer.
AMI is currently diagnosed based on an electrocardiogram and elevated levels of protein biomarkers such as
troponin |, troponin T, myoglobin, creatine kinase, and CK-MB [1]. Once a heart attack occurs, surgery should be
done within a short period of time, and the prognosis is very poor. If a novel biomarker in early stage is discovered,
then it will help to reduce the burden of life for heart disease patients. We used a mixed non-targeted and targeted
approach to discover novel biomarker candidates for AMI from the comparison of heathy and patient serum using
guantitative analysis.

Methods:

Serum samples of healthy controls (n = 22) and AMI patients (n = 14) were pretreated using an albumin and
immunoglobulin G depletion kit before trypsin digestion, and desalting. UHPLC-LTQ-Orbitrap analysis was achieved
by data dependent analysis followed by a Mascot search. Comparative and shot gun proteomics developed were
modified for discover biomarker candidates [2, 3]. Multi reaction monitoring by UPLC-LTQ-Orbitrap and ELISA were
used for the quantitative analysis of biomarker candidates from serum samples for validation.

Results:

Thirty four peptide biomarker candidates were screened. Multi reaction monitoring showed that alpha-1-acid
glycoprotein 1 level was significantly decreased (P < 0.05) and those of antithrombin Ill, clusterin, obscurin, and titin
were significantly increased (P < 0.001) in AMI patient samples compared to levels in healthy controls. Four
significantly decreases peptides, which were unidentified in Mascot Search, were also discovered (P < 0.05) as AMI
diagnostic biomarker candidates. We quantified the biomarker candidates further using commercial ELISA Kkits.
ANOVA showed that obscurin and titin concentrations were significantly elevated in AMI patients compared to levels
in healthy controls, together with that of troponin I. Obscurin and titin showed the highest decision performance,
with sensitivities of 86% and 85%, specificities of 100% and 94%, and diagnostic criteria of 11.4 ng/ml and 36.1
ng/ml, respectively.

Conclusions

A modified comparative proteomics approach provided excellent results in the search for novel biomarker
candidates of AMI. A combination of obscurin and titin could be used for the diagnosis of AMI with high diagnostic
performance.

Novel Aspect:

Combination of new technology, abundant protein depletion; UHPLC-LTQ-Orbitrap; data dependent analysis; Mascot
search, was applied to discover AMI biomarker candidates by comparative proteomics. Obscurin and titin are novel
biomarker candidates for AMI patient in early stage.
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Introduction:

Rheumatoid factor (RF) is auto-antibody that is involved in autoimmune such as rheumatoid arthritis. RF is diagnostic
biomarker of rheumatoid arthritis. However, single RF factor is not sufficient to reflect all of the state of rheumatoid
arthritis. To increase efficacy of diagnosis of rheumatoid arthritis, our aim is to discovery RF-correlated proteins that
can be used complementarily with RF.

Methods:

For proteomics approach, Serums were classified into RF-low (RF<18 IU/ml), RF-intermediate (18<RF<54 IU/ml), and
RF-high (RF>54 IU/ml). Nano-liquid chromatography-tandem mass spectrometry is used to identify and quantify
global proteins in RF-low and RF-high subjects. Candidate biomarker proteins were validated using Enzyme-linked
immunosorbent assay (ELISA) in RF-low, RF-intermediate and RF-high.

Results:

Among identified proteins by nano-liquid chromatography-tandem mass spectrometry, 4 proteins, including
cholinesterase, histidine-rich glycoprotein (HRG), lipopolysaccharide-binding protein (LBP) and C-reactive protein,
were more than 2-fold differentially expressed with statistically significance (p<0.05). Of these 4 proteins, the ELISA
results of HRG and LBP was consistent with the results of nano-liquid chromatography-tandem mass spectrometry.
Areas under the ROC curve of HRG and LBP were 0.861 and 0.828, respectively. The correlation between RF and HRG
was statistically significant (p =0.003), and that with LBP was also statistically significant (p = 0.044).

Conclusions:

As a results, HRG and LBP are altered in RF-high serum, which is suggested that HRG and LBP can be
complementarily used with RF. In validation discovery set, the efficacy of HRG and LBP proved in patients with
rheumatoid arthritis by ELISA.

Novel Aspect:
We propose that HRG and LBP can be useful screening markers for rheumatoid arthritis with RF.
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Introduction:

Targeted proteomics using SRM has been proved to be highly sensitive and quantitatively accurate.However, it is
expensive and time-consuming to perform large-scale SRM analysis. We introduce a systematic and scalable SRM
workflow for discovery and validation of novel biomarkers in plasma extracellular vesicles (EVs) targeting more than
400 proteins effectively.

Methods:

We developed a three step strategy for selecting biomarker candidates(BCs). Step 1: Primary BCs were selected from
three sources; experimentaldata, literature data and database. Step 2: Targeted proteomics was performed for
selecting secondary BCs from primary BCs.lsolated plasma EVs obtained from patients with colorectal cancer(n=59)
and healthy volunteers (n=59)were analyzed in Step1/2. Step 3: We evaluated the performanceof secondary BCs in
another sample set.

Results:

Step 1; 1,300 proteins were identified from plasmaEVsas experimental data. 900 and 5400 proteins wereextracted
from PubMed literature searchandExoCarta database respectively. From these sources, 450 proteins were selected
as primary BCs.Step 2; More than 1,000 stable isotope-labeled peptides were synthesized byour original peptide
synthesis method, MS-based Quantification By isotope-labeled Cell-free products (MS-QBIiC)[1].We performed SRM
analysis by using synthetic peptides to confirm their retention time and select top 5 highest intensity transitions.
Next, spike-in plasma EVs isolated from pooled plasma were analyzed to select measurable peptides. Optimized SRM
analysis was performed for selecting secondary BCs in individual plasma EVs. Step 2/3 is now still in the investigation
stage.

Conclusions

Although the selection of final BCs is still on going, Step1 / 2 are supported by each unique logical method to choose
candidates which is the best for purpose. Our three step strategy would be innovative and practical approach for
novel biomarker discovery.

Novel Aspect:
We proved the feasibility of targeted proteomics using more than 1,000 stable isotope-labeled synthetic peptides for

clinical samples.
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Introduction

Preterm birth (PTB) before 37 weeks of pregnancy is one of major causes of perinatal mortality and neonatal
morbidity. Despite of previous studies in developing biomarker(s) of PTB [1-3], unfortunately, the valuable protein
maker for the early detection of PTB has not been unveiled. In this study, we performed quantitative profiling of
cervicovaginal fluid (CVF) proteome for discovery of PTB-specific marker(s) via online 2D-nLC-ESI-MS/MS with
isobaric labeling.

Methods

Comparative proteomic analysis of CVF proteome from PTB and control (its normal counterpart) was carried out
using online two dimensional nanoflow liquid chromatography-electrospray ionization-tandem mass spectrometry
(2D-nLC-ESI-MS/MS) with Isobaric tags for relative and absolute quantitation (iTRAQ)-based labeling.

Results

From 2D-nLC-ESI-MS/MS experiments, a total of1346 proteins were identified in both CVF proteome from PTB and
control and resulted in identifying 30/72 (up-/down-regulated by 1.5-fold change) proteins that were differently
expressed in PTB compared to control. Bases on Gene Ontology (GO) enrichment analysis, it revealed that these
significantly changed proteins were functionally involved in structural constituent of epidermis and cytoskeleton,
serine-type endopeptidase inhibitor activity and oxygen carrier activity. We further evaluated the PTB biomarker
candidates in five PTB individuals and seven control individuals, resulting in 55 proteins showed statistically
significant difference between PTB and control. Among these, two proteins (transaldolase and junction plakoglobin)
have been previously proposed as candidate PTB biomarkers [3] and other proteins are novel PTB biomarker
candidates.

Conclusions

In summary, we analyzed the proteomic difference of human CVF between PTB and control group, which allowed
the identification of novel CVF protein biomarkers for diagnosis of PTB. Further investigations will focus on the
assessment of these biomarkers (specificity and selectivity) in a large cohort of subjects.

Novel Aspect
This study provided novel CVF protein biomarkers that have the potential to be applied in clinical diagnosis of PTB
employing quantitative proteomics.
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Introduction:

The soluble Receptor of Advanced Glycation End-products (SRAGE) is a decoy receptor moderating pro-inflammatory
signals in the lungs. For COPD, sRAGE is considered to be apromising biomarker candidate based on data obtained
using antibody-based assays. Here we describe twoantibody-free approaches for LC-MS-based sRAGE quantification,
one using affimers and one using strong cation exchange (SCX).

Methods:

A UPLC-MRM/MSmethod using affimers, a novel class of affinity ligands, and a method employing SCX solid-phase
extraction (SPE) were developed to enable sSRAGE quantification in the range of 0.2-10 ng/mL using 50 uL of serum.
Both methods were validated according to EMA and FDA guidelines and were compared with a previously developed
antibody-based LC-MS method for sRAGE.[1]

Results:

Efforts to establish an affimer-based sRAGE method led to an easily automatable workflow,which is capable of
analyzing hundreds of samples per week thus having considerable potential for clinical applications. SCX-based
sample cleanup at pH 10 enabled sRAGE enrichment with good precisionowing to the protein’s bipolar charge
distribution, despite of having an average pl of 7.8.Compared to the antibody-based assay, our affimermethod
showed good correlation (R-squared of 0.9) and a bias around-25%, whereas the SCX assayshowed moderate
correlation (R-squared of 0.5) and reportedon average20% higher results. Plausible explanations for the observed
differences include different subsets of SRAGE proteoforms being quantified and varying impacts of sRAGE ligands
on the enrichment of this protein.

Conclusions:

We developed and validated two antibody-free LC-MS methods for sRAGE quantification. Levels reported by these
assays are different from each other as well as from those reported by antibody-based assays. Thereby, these results
indicate that SRAGE assays should be critically evaluated and adequately characterized in order for this protein to
become useful as a biomarker.

Novel Aspect:
We present the unique applications of affimers, a novel class of affinity ligands,andstrong cation exchange for low

abundant protein enrichment.
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Introduction:

Neuromelanin is a dark insoluble pigment, which forms so called NM granules with lipids and proteins in the
substantia nigral. It is widely debated if those granules are neuroprotective or neurodegenerative2,3. For example,
there is a loss of dopaminergic neurons containing NM during the course of DLB4. A proteome analysis of NM
granules and neurons could allow deeper insight into the function of these granules in the pathogenesis of
neurological disorders like DLB.

Methods:

NM granules were enriched from fresh frozen DLB and control tissue by laser microdissection. A tryptic digestion
was performed afterwards. The samples were analyzed by liquid chromatography tandem mass spectrometry (LC-
MS/MS). MaxQuant was used for the evaluation of the MS/MS spectra. A data synchronization was conducted with
Gene Ontology for further analysis.

Results:

Mass spectrometric analysis and subsequent evaluation of the data in this pilot study of four DLB and five control
samples led to the identification of around 660 proteins. A significant differential study were performed to give a
statement about over- and underrepresented proteins. 116 significantly (t-test <0.05) differential proteins were
identified: 72 proteins overrepresented and 44 proteins underrepresented in NM granules from DLB cases.Analysis
revealed that lysosomal associated proteins are significantly overrepresented and mitochondrial associated proteins
are underrepresented in NM granules of DLB compared to healthy control cases.To affirm these results and increase
the statistical significance, the study will be extended by 18 DLB and 20 control cases. Additionally, a simultaneously
enrichment and comparison of NM granules and neurons will be performed. This could give deeper insight in the
function of NM granules in the pathogenesis of DLB.

Conclusions:

The results of this pilot study support the hypothesis of the NM granules formation as described in the literature that
NM granules are probably lysosome related organelle species. NM forms in the cytoplasm at physiological
temperature and pH as a side product of dopamine synthesis and is incorporated by endosomes or
lysosomes5.Furthermore, 536 proteins were identified in all cases, which can be considered as biochemical essential
composition of the NM granules.

Novel Aspect:
For the first time a protein biochemical characterization of NM granules in the context of DLB was performed.
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Introduction:

Melanoma is the most frequent cause of skin cancer-related deaths and is the most common lethal malignancy in
young people (<40yrs). Inhibition of crucial survival pathways, such as the MAPK pathway, has become a routine in
melanoma, however, response rates varyand responders cannot be reliably predicted by genotype alone. We
conducted mass spectrometric screening to detect cellular processes that might predict MEK inhibition (MEKi)
response.

Methods:

Ten subcutaneous lymph node metastatic melanoma derived cell lines with known MAPK status and 32 fresh frozen
NRASmut or BRAFmut regional lymph node metastatic melanoma specimens were obtained. Lysed cells and tissues
were digested and analyzed by Data-Independent Acquisition (SWATH-MS) using a TripleTOF 5600/6600 mass
spectrometer. Cell line viability over ten days in presence of 2uM of the MEK inhibitorSelumetinibwas determined by
a PrestoBlue assay.

Results:

Across all cell lines, about 2500 proteins were quantifiable. Principal component analysis segregated melanomas
based on in vitro MEKi sensitivity, whereas genotype alone did not. In total, 63 proteins were highly correlative with
MEKi response. Survival analysis demonstrated significantly better survival (p=0.01) for patients with MEKi sensitive
(>7.5 years)versus patients with MEKi resistant cell lines (<1.7 years).

About 2000 proteins were quantifiable in the tissue cohort. The MEKi proteome phenotype was also a dominant
signal in tissues, however, neither this phenotype nor genotype correlated directly with survival. Dividing patients
into active and low or inactive melanogenic tumors and combining it with expression level of two plasma membrane
proteins, allowed for accurate segregation between patients with good and poor post-biopsy survival. The three
marker penal was further validated on a data set retrieved from a publically accessible data base containing RNA
sequencing information of 460 melanoma specimen.

Conclusions:

Mass spectrometric profiling of patient derived melanoma cell lines using SWATH-MS led to the identification of
predictive markers for MEKi therapy response. In a validation cohort using 32 melanoma tissues, SWATH-MS
identified the MEKi response as a major driver of patient segregation. Additionally, a three protein marker panel was
identified in the tissue cohort predictive for patient post-biopsy survivalindependent of genotype andMEKi response
phenotype.

Novel Aspect:

SWATH-MS profiling demonstrated MEKi phenotypes in cell lines and fresh frozen metastatic melanoma and
identified a marker panel predicting patient post-biopsy survival.

36



813 - UNVEILING THE OUTER MEMBRANE VESICLE PROTEOME OF A. SALMONICIDA: A PHYSIOLOGICAL INSIGHT
Tobias Kroniger (1) - Andreas Otto (1) - Bernd Kollner (2) - Dérte Becher (1)

Institute for Microbiology, Ernst-Moritz-Arndt University Greifswald, Greifswald (1) - Institute for Immunology,
Friedrich-Loeffler-Institut, Greifswald-Insel Riems (2)

Keywords: Proteomics; Mass spectrometry; Aeromonas salmonicida; Subcellular fractionation; Outer membrane
vesicles

Introduction:

Aquaculture is one the most rapidly growing food sectors globally [1]Still, high economic losses occur due to
infections, for example by the gram negative bacterium Aeromonas salmonicidaas this organism causes a septicemic
disease called furunculosis in freshwater fish [2]. In this study we utilized mass spectrometry based proteomics to
study the physiology of this pathogen with special interest in the outer membrane vesicles that may interact with
the host.

Methods:

The A. salmonicida strain JF2267 was grown in lysogeny broth liquid medium. The bacteria were harvested in the
logarithmic and stationary growth phase. Cytoplasmic, inner membrane, outer membrane and extracellular proteins
as well as proteins of outer membrane vesicles were enriched by subcellular fractionationand subsequently analyzed
in a mass spectrometer. The resulting data were processed with the MaxQuant [3] and Perseus [4] software.

Results:

Overall, app. 50 % of the proteins predicted for this A. salmonicida strain were identified, indicating a high proteome
coverage.For validation of the applied fractionation protocol the predicted cellular location (according to PSORTb
[5]) and the subcellular fraction in which the proteins were identified, were compared.This comparison showed a
clear enrichment of the proteins according to their prediction. Further, clear alteration between the logarithmic and
stationary phase could be observed on proteome level. The changes in the fraction of the outer membrane vesicles
are particularly interesting, as more than twice as many proteins were identified in the vesicles of the stationary
phase compared to the logarithmic phase.

Conclusions:

In summary, in this study a very good proteome coverage could be achieved by application of a subcellular
fractionation for A. salmonicida. Moreover, as expected, significant alterations were observed in the comparisonof
the proteome of the logarithmic and stationary phase. Interestingly, the most striking changes were detected in the
vesicle fraction. Therefore, in future experiments, we will have a deeper look into the physiologicalrole of the
vesicles.

Novel Aspect:
For the first time the protein composition of the outer membrane vesicles of Aeromonas salmonicida was
determined.
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Introduction

Proteomics aims to complete profiling of the protein contents and their modifications in cells, tissues, and biofluides
and to quantitatively determine changes in their abundances. This information reveals cellualar processes and
signaling pathways and serves to identify candidate protein biomarkers and/or therapeutic targets. Therefore,
analysis should be comprehensive and efficient.

Methods
A novel online two-dimensinal reversephase/ reverse-phase liquid chromatography separation platform, using six
switching valves based on a newly developed online non-contiguous fractionating and concatenating device (NCFC
deveice)

Results

In bottome-up proteomics analyses of a complex proteome, this system provided significantly improved exploitation
of the separation space of the two RPs, resulting in a considerable increase in the numbers of peptides identified
compared to a conventional contiguous 2D-RP/RPLC method.

Conclusions
The fully automated online 2D-NCFC-RP/RPLC system bypassed a number of labor-intensive manual processes
(offline fractionations, pooling, clean-up, drying/reconstitution, and autosampler injection) required with previously
described offline 2D-NCFC-RP/RPLC method, offering minimal sample loss and highly reproducible 2D-RP/RPLc
experiment

Novel Aspect
The developed system was the first online 2D RP/RPLC sysstem that NCFC technology was applied. This system
allowed complehensive proteome profiling using small amount of sample without loss of sample and their
information.
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Introduction

Infliximab is a chimeric IgG1 kappa monoclonal antibody, used in the treatment of inflammatory diseases targeting
tumor necrosis factor-alpha (TNF). However, studies have identified a substantial proportion of patients (between
30-40%) who fail to respond to anti-TNF therapy. In this study, we describe the use of nSMOL (nano-surface and
molecular-orientation limited) proteolysis to selectively target the Fab CDR region of the mAb and LC-MS/MS
detection.

Methods

Plasma samples (5uL) were initially captured using FG beads and digested with trypsin to selectively target the Fab
CDR region of the mAb, followed by LC-MS/MS detection using reversed phase UHPLC separation (Nexera LC,
Shimadzu Corporation using a Shimpack GISS 1.9um 50x2.1mm C18).

Results

A novel method was developed that performed selective proteolysis of the Fab region of mABs using nano-surface
and molecular-orientation limited (nSMOL) proteolysis (lwamoto et al. 2014). The approach decreases sample
complexity through mAb protein enrichment from plasma and uses proteotypic peptide sequence specificity for
quantitative LC-MS/MS analysis. By restricting digestion, tryptic fragments are limited to the Fab region, allowing a
selective quantification of target mAb peptides with higher efficiency and selectivity in combination with MRM
measurement. Skyline software (MacCoss Lab, University of Washington) was used to perform in-silico protein
digestion and predict candidate peptides and MRM transitions. SINSATHYAESVK, YASESMSGIPSR and
DILLTQSPAILSVSPGER were selected based on response, linearity and accuracy.

Conclusions

Quantitation of the mAb infliximab in plasma was implemented using standard sample preparation and generic
peptide chromatographic conditions.Method development using Shimpack GISS column achieved a cycle time of 8
minutes per sample.nSMOL technology in combination with LC-MS/MS can offer a rapid alternative to mAb
quantitation by ELISA. Inclusion of an internal standard in nNSMOL& LC-MS/MS increases accuracy and robustness not
available in ELISA type assays.

Novel Aspect
Using a Fab CDR restricted trypsin digestion method, infliximab was quantified in plasma by LC-MS/MS resulting in

an alternative technique compared to ELISA.
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Introduction:

Tear fluid is of key importance to maintain the health of the front of the eye and provide clear vision. In addition, it
represents a promising body fluid that can help in the diagnosis and prognosis of various eye diseases. Here we
explore the use of top-down proteomics to map the proteoform diversity in the tear fluid. The proposed work flow
includes an array of top-down fragmentation techniques on a chromatographic time scale that allows for
identification of over 50 proteoforms simultaneously in less than 1 hour. We then applied this workflow to a cohort
of sixteen individuals with ages ranging from 18 up to 70 years old to identify molecular changes due to age

Methods:

Tear samples were purchased from Lee Biosolutions. Extracted proteins were directly transferred to an injection vial
and analyzed by LC-MS using an Orbitrap Fusion Tribrid Instrumentmodified with UVPD. MS/MS acquisition was
performed using ETD, EThcD, HCD and UVPD fragmentations at a resolution of 120,000 at m/z 200. Data analysis was
performed using Thermo Scientific Deconvolution 4.0 and Prosight PD nodes in the Proteome Discoverer 2.2
software. Label free analysis was done using Biopharma Finder 3.0. Statistical analysis to identify differentially
expressed or processed proteoforms was done using R.

Results:

Tear fluid functions as lubrication of the eye surface, contains a cocktail of antimicrobials to prevent bacterial
infections, washes away foreign matter that is deposited in the eye during our daytime activities, and keeps the eye
surface clean and smooth.Tears have the potential to be a source of biomarkers for diagnosing eye-related diseases.
First, it is a fluid that can easily be obtained in a non-invasive manner. Second, it is localized to the organ of interest
to the ophthalmologist (the eye) and not prone to the same dilution problems associated with biomarker fluids like
plasma.Third, tear fluid composition changes with the health of the eye (as well as with age).

In this work, we have coupled high sensitivity top-down mass spectrometry to enable the characterization of tear
proteoforms in less than 1 h with an elegant combination of bioinformatics algorithms. Our approach consists of a
simplified two-step workflow. First, samples are then analyzed over a 30 min LC gradient by MS and MS/MS using
various fragmentation mechanisms. And then, MSMS are searched against a protein database. Label free
guantitation is perform by aligning the raw files in the chromatographic dimension and extracting the areas under
the curve for each of the identified molecular species. Intensities were then normalized and a t-test was performed
to identify differential events. PCA analysis shows that samples within the age groups are more similar. And among
the significant proteins in the dataset, lacritin is the one that changes most with age. This protein is involve in the
promotion of basal tearing and which low levels are associated with dry eye syndrome. Overall, this strategy offers a
powerful option for discovery and characterization of potential tear biomarkers that could be used for the screening
of diseases, both eye related or other.

Conclusions

40



From our analyses, we have proven that tear fluid could be of great interest for understanding eye related diseases
and stratifying individuals. In addition, this work also proves that top-down proteomics in clinical research presents a
great opportunity to inform about the actual changes that are happening, because it enables to correlate exact
proteoforms to a given phenotype. And opens the door for the development of proteoform specific assays in the

clinical setting.

Novel Aspect:
Tear proteoform biomarker discovery in hours using label free proteomics and an Orbitrap Fusion Lumos.
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Introduction: Thyroid nodule lesionsis one of the diseases diagnosed using liquid-based cytology [1]. Such
samplesare collected via fine-needle aspiration biopsy (FNAB) and deposited into preservative solutions in order to
maintain their morphological integrity. However, the proteomic stability of these preservedsamplesis yet to be
investigated and must be ascertained in order for them to be reliably employed in proteomic studies aimed at
biomarker discovery.

Methods: Thyroid FNABswere collected from 14 patients (San Gerardo Hospital, Monza, Italy) and transferred into
Cytolytsolution, centrifuged and re-suspended in PreservCyt solution. Cytospin spots have been positioned onto
ITO-conductive slides and MALDI-MSI intact proteins analysis was performedusing an ultrafleXtreme MALDI-
TOF/TOF (Bruker Daltonik).Spectra pre-processing and data analysis were performed using the open-source R
software v.3.4.3.

Results: Each FNAB was split into several samples in order to investigate the experimental repeatability (intra-day
and inter-day) of the proteomics analysis and the cytological samples stability after 7, 14 days and 2 months in
PreservCyt and after 7 days in CytolLyt at 4°C. All samples were compared with the one prepared at t0.Mass spectra
similarity was evaluated by using two score systems. The score S3, derived from a previous study [2],was the sum of
three components (fit, retrofit and spearman’s correlation). The second score system (S4) ranges 0—4 and includes a
fourth feature that measure the overlap, which takes into account the whole shape of the two spectra. Intra-day and
inter-day CV were very low within ranges of 8.64%-12.03% for S3and of 7.37%-10.43% for S4, respectively. The
results suggest no substantial deviations from t0 when the cytological samples were stored in PreservCyt until 14
days and in CytolLyt until 7days.However longer storage time (2months) in PreservCyt does not preserve the
specimens, and the spectra overlap with t0 was only 50%.

Conclusions: This study represents a step forward towards the implementation of MALDI-MSI, combined with a
trustworthy and robust sample preparation methodology, into the cytopathology routine, integrating the
morphology with the proteomics data to improve the diagnosis. Moreover, this protocol allowsimple sample
collection and shipment tobe used not only for the proteomic MALDI-MSI analysis of thyroid FNABs but also for
other biological liquid based specimens.

Novel Aspect: A new similarity score was introduced to equally take into account the number of signals (fit and
retrofit) and their intensities (spearman’s correlation and spectra overlap).
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Introduction: VEGFA as biomarker for blood vessel formation and tumor progression

Tumor progression is often accompanied by “aberrant angiogenesis’, a process of blood vessel formation with a
special permeable structure. Such structures lead to an adequate supply of the tumor with oxygen and nutrients [1].
Vascular endothelial growth factor A (VEGFA) is anangiogenesis stimulating factorand can therefore serve as a
prognostic biomarker for several types of cancer [2, 3].

Methods: VEGFA enrichment and analysis by LC-HR/MS

Human plasma samples were mixed with isotopically labelled VEGFA protein as internal standard.
Unlabeled,recombinant VEGFA was used to create a calibration curve. Samples were denatured and digested before
VEGFA peptides were enriched by an immunocapture step using the KingFisherTMFlex platform. After further SPE
clean up, samples were analyzed in the fullscan mode of a Q ExactiveTMHF system connected to a nanoLC system(all
Thermo Fisher Scientific).

Results: Quantification of endogenous VEGFA levels from human plasma with high precision

We were able to set up and validate a robust LC-MS method for the quantification of VEGFA as a biomarker from
human plasma down to 0.7 ng eq/mL (~ 1.8 fmolabsolute per sample) with a CV < 10%. Since the method is based on
an immunoprecipitation approach using a polyclonal antibody as capturing agent, antibody lot-to-lot variance was
examined as well and found to be negligible.

Conclusions: Approach can be applied to patient samples
The newly developed LC-MS approach can be used to analyze endogenous VEGFA levels and drug treatment profiles
of patient samples. As the method is semi-automated, up to 96 samples can be processed in one run.

Novel Aspect: Development of a LC-MS method for VEGFA
To our knowledge it was the first time that VEGFA was quantified from a complex plasma sample by an LC-MS assay.
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Introduction:

Eukaryotic Initiation Factor 6 (elF6) binds 60S ribosomal subunits, has with an anti-associationproperty, and rate
limiting for tumour onset and progression. elF6 haploinsufficient cells are normal, but not efficiently transformed in
vitro. Some lines of evidence have shown that alterations in mitochondria (the main compartments of energy
production) contribute to the development of metabolic syndrome.

Methods:

The mitochondrial proteome of AML-12 (non-tumourigenic murine liver hepatocytes) cell line, with elF6 down-
regulated by shRNA, and of liver tissues from wild type and +/- mice for elF6 has been analysed by uHPLC-QTOF-
MS/MS exploiting the SWATH-MS acquisition, which is a high throughput label-free method for protein quantitation
combining shotgun proteomics with the quantitative accuracy and reproducibility of selected reaction monitoring
(SRM).

Results:

The data collected were further processed by multivariate statistical tools to identify the effects of elF6 depletion.
Partial least squares-discriminant analysis (PLS-DA) coupled to a variable selection procedure in cross-validation was
applied to this purpose, in order to identify the most relevant panel of markers with the best predictive ability. The
analysis allowed the identification of panels of markers with a very good predictive ability. Bioinformatic tools
applied to the identified markers allowed the identification of deranged pathways.

Conclusions

We found that depletion of elF6 by shRNA induces profound and varied impact on mitochondrial proteome,
impairing the energy production, steering the metabolism toward the up-regulation of aerobic glycolysis and the
inhibition of oxidative phosphorylation.

Novel Aspect:
We identified interesting deranged pathways in the mitochondrial proteome after elF6 depletion.
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Introduction:

The causesof InflammatoryBowelDiseases (IBDs) arestilllittleknown, the prevailinghypothesisbeingan
immunologicreactiontowardsantigens.The  diagnosis of  IBDsisusuallycarried out by quite invasive
instrumentaltechniques; some plasma biomarkershavebeenproposedbutmuch can be done to clarify the eziology of
the pathology and identifyreliablebiomarkers with predictiveability.

Methods:

Plasma proteins and fatty acids from controls and patients affected by Chron’s disease (CD) and Ulcerative Colitis
(UC) were analysed using mass spectrometry-based techniques. Low-abundant plasma proteins were quantified
after depletion of the 14 most abundantand tryptic digestion, followed by uHPLC-QTOF-MS/MS.
Severalfattyacidsweresimultaneouslyanalysedby  Gas Chromatography Mass Spectrometry (GC-MS),
afterderivatization.

Results:

uHPLC-QTOF-MS/MS was applied exploiting the SWATH-MS acquisition, a high throughput label-free method for
protein quantitation combining shotgun proteomics with the quantitative accuracy and reproducibility of selected
reaction monitoring (SRM). The data collected were further processed by multivariate statistical tools to identify
markers of CD and UC but also identify markers able to discriminate UC vs CD samples. Partial least squares-
discriminant analysis (PLS-DA) coupled to a variable selection procedure in cross-validation was applied to this
purpose, in order to identify the most relevant panel of markers with the best predictive ability. Proteomic and
lipidomic data were also integrated to provide new combined biomarkers including both proteomic and lipidomic
markers. The analysis allowed the identification of panels of markers with a very good predictive ability and pointed
out the importance of including fatty acids.

Conclusions

The combination of proteomic and lipidomic data allowed to obtain panels of biomarkers with improved predictive
ability, pointing out the importance of fatty acids, combined with proteins, in the identification of IBDs. Bioinformatic
tools applied to the panels of identified markers allowed the identification of deranged pathways (up and/or down
regulated).

Novel Aspect:
The combination of proteomic and lipidomic data provided panels of markers with improved predictive ability with
respect to the only proteomic analysis.

46



876 - SHEDDING NEW LIGHT ON SPINAL CORD INJURY

Michel Salzet (1) - Jusal Quanico (2) - Melodie Anne Karnoub (2) - Celine Meriaux (2) - Zahra Laouby (2) - Franck
Rodet (3) - Dasa Cizkova (4) - Isabelle Fournier (2) - Richard Assaker (2)

U1192 Inserm, PRISM Laboratory, Univeristy Lille, Villeneuve d'Ascq (1) - U1192 Inserm, PRISM Laboratory,
University Lille, Villeneuve d'Ascq (2) - U1192 Inserm, PRISM Laboratory, University Lille, Villeneuve D'Ascq (3) -
Institute of Nueoimmunology, Slovak Academy of Sciences, Bratislava (4)

Keywords: Spinal Cord Injury, Spatio temporal Proteomic, Tempotally 3D MALDI MSI, Antibody
DependantNeuritogenesis Modulation, Stem Cells

Introduction:

Spinal cord injury (SCI) belongs to currently incurable disorders of the CNS and is accompanied by permanent health
consequences-disability. In order to mimic a SCI, a balloon-compressive technique was used at thoracic Th8-9 spinal
level in adult rat.

Methods:

4D MALDI Imaging, lipidomics,Saptiotempral tissue microproteomics were undertaken combined with confocal
imaging. Exsosomes from Stem Cells, functionalized biomaterial, Rho A inhibitor have been tested in pre-clinical way
to develop a smart biomaterial.

Results: (

We determined the spatio-temporal events occurring in acute phase after SCI. Caudal segment has clearly been
detected as the therapeutic target [1,2]. We then assessed in a rat SCI model the in vivo impact of a sustained RhoA
inhibitor administered in situ via functionalized-alginate scaffold [3,4] . In order to decipher the underlying molecular
mechanisms involved in such a process, an in vitro neuroproteomic-systems biology platform was developed in
which the pan-proteomic profile of the dorsal root ganglia (DRG) cell line ND7/23 DRG was assessed in a large array
of culture conditions using RhoAi and/or conditioned media obtained from SCI ex-vivo derived spinal cord slices. A
fine mapping of the spatio-temporal molecular events of the RhoAi treatment in SCI was performed. The data
obtained allow a better understanding of regeneration induced above and below the lesion site.

Conclusions

Results notably showed a time-dependent alteration of the transcription factors profile along with the synthesis of
growth cone-related factors (receptors, ligands, and signaling pathways) in RhoAi treated DRG cells and involvement
of IgG by binding to their receptors on the DRG cells

Novel Aspect:

We established a novel origin of 1gG, their role in neurites outgrowth modulation, and developed a smart biomaterial
for treating SCI.
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Introduction:

RCC represents 2-3% of all cancers and its incidence is increasing [1]. Clear cell RCC (cc-RCC) is the most frequent
type. Although ccRCC are diagnosed at early stages, their aggressiveness and clinical outcomes result heterogeneous
within each staging group; thus, novel predictors are needed. A non-invasive test using urine will have a significant
impact on patient management. Urinary Exosomes (UE) are proposed as a useful biomarkers source for ccRCC.

Methods:

The aim of this study is to highlight a characteristic UE protein profile of RCC progression.UE pools obtained from
patients with cc-RCC classified as pT1 (n=6) and pT3 (n=6), and from age- and sex-matched healthy subjects (n=6)
were isolated by ultracentrifugation. The corresponding proteome of each samplewas digested using the FASP-based
methodand analysed by label-free nLC-ESI MS/MS.

Results:

The UE proteome of patients with ccRCC (low- and high-stage) was investigated by mass spectrometricapproach
following correlation of the data with clinical features (TNM) [2]. The MS analysis allowedthe identification and
guantification of about 500 proteins.Considering only the protein identification,the data show that the UE protein
composition remained rather constant in the three groups (pT1, pT3 and CTRLs).However, by evaluating the protein
abundance, 230had a statistically significant variation.The pathway network elaboration revealed that many typical
urinary system proteins changed their levels in UE. Furthermore,the results shown that some proteins involved in
signaling pathwayschange their abundance,increasing disease stage. This finding suggest a possible relationship of
these quantitative variationswith the process oftumour dedifferentiationand spread.Finally, a panel of proteins were
selected in order to validate their differential content between ccRCC and Ctrl UE, through immunoblotting.

Conclusions:

UE comparative proteomics could represent a promising starting point for the identification of ccRCC biomarkers for
prognostic purposes.The data obtained may be a useful finding for the future investigation of the molecular
mechanism of ccRCC progression. More important, with the prospective validation in a larger cohort, information
derived from this study may lead to the development of ccRCC candidate biomarkers.

Novel Aspect:
In this work, for the first time, the proteomic characterization of UE in patients affected byccRCC at different stages
is approached.
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Introduction:

The achievable depth in high throughput proteomics analyses is most often limited by the sequencing speed of mass
spectrometers, while the nano-LC turnover rate limits the sample throughput. Here we combine a trapped ion
mobility spectrometry (TIMS) QTOF capable of Parallel Accumulation Serial Fragmentation (PASEF) acquisition to a
front end allowing efficient use of short gradients, the Evosep One to achieve, high depth at high throughput
analysis.

Methods:

50ng of a peptide digest of a Hela cell line were separated on an Evosep One (Evosep) and analyzed on a timsTOF Pro
instrument (Bruker Daltonics). PASEF acquisition allowed for very high sequencing speed at high sensitivity. Hela
digests were separated on very short gradients of 11.5 and 5.6 min corresponding to 100 and 200 samples/day,
respectively. Data were analyzed using PEAKS studio (Bioinformatics Solution Inc.) and MaxQuant (Max-Planck-
Institute of Biochemistry).

Results:

The use of short nano-LC gradients reinforces the need of a fast MS instrument to guarantee reasonable analytical
depth. TIMS provides a further dimension of separation in addition to the retention time and m/z ratio that
increases peak capacity, and it releases the ions from the TIMS cell as concentrated ion packets. By applying the
PASEF scan mode on those packets we obtain almost 100% duty cycle, increased sequencing speed (> 100Hz) and
high sensitivity leading to a deep coverage of the proteome over 4 orders of magnitude dynamic range. To test if we
can profit from the high speed and sensitivity of PASEF we set up very short gradients on the Evosep system with a
total runtime of 14.0 min (11.5 min gradient) and 7.1min (5.6 min gradient), resulting in 100 samples/day and 200
samples/day, respectively. Evotips were loaded with only 50 ng of Hela tryptic digest and analyzed. Using the 200
sample per day turnover we found more than 1200 protein families and 8000 peptide matches.

Conclusions
Our results demonstrate that PASEF on the timsTOF Pro coupled to the Evosep One enables fast and robust analysis

of large sample numbers with potential applications for high throughput screening and clinical research.

Novel Aspect:
High Depth, High Throughput Label-free proteomics for clinical research.
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Introduction:

Targeted quantitation of proteins based on isotope-labeled synthetic peptides with multiple reaction monitoring
(MRM) LC-MS/MS has been reported as one of the important technique. The aim of the present study was to select
unigue peptides of target proteins and to determine the concentration of the target peptides with LC-MS/MS in
human plasma to compare between obese and non-obese subjects.

Methods:

The process began with a list of target proteins that identified by Tandem mass tag (TMT) strategy in the discovery
phase. The next step was to select tryptic peptides and transitions of peptides after collision energy optimization
using isotope-labeled peptides with Skyline software. Then, peptides were to analyze the samples by MRM LC-
MS/MS method and to integrate and to evaluate the data.

Results:

Using detectability test of the endogenous peptides, we selected 100 representative target peptides from the 39
proteins. Stable isotope labeled internal standard peptides for 39 proteins have been synthesized. The concentration
of the internal standards for each peptides was spiked to the sample was obtained by level of the unlabeled peptides
in the plasma and randomized samples (n=60) were analyzed in triplicate by MRM LC-MS/MS. Relative quantitation
of the peptides was carried out by monitoring the ratio of heavy-to-light peptide. Intra-day and inter-day precision of
stable isotope-labeled peptides showed less than 15.62%. P value and AUC of the peptides were calculated with
Medcal software and AUC of 12 peptides (9 proteins) that represented below 0.05 is showed below 0.0417.

Conclusions

100 Target peptides for the 39 proteins that distinguishing between obese and non-obese subjects were quantified
and assessed by MRM LC-MS/MS in human plasma. This method is sensitive, robust and fit for purpose to
verification of peptides. Finally, 60 human samples with obese or non-obese were successfully analyzed using our
MRM method.

Novel Aspect:
Fully integrated MRM LC-MS/MS quantitation approach of targeted proteins to compare obese and non-obese
subjects.
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Introduction:

Pancreatic ductal adenocarcinoma (PDAC) accounts for 85-90% of all pancreatic tumours. The median survival of all
PDAC patients is less than 6 months, and the 5-year-survival rate is 3-5%[1]. One of the most crucial reasons for the
poor prognosis is the lack of early diagnostic markers for PDAC. To overcome this and improve the outcomes of
patients with PDAC, there is an urgent need to identify highly sensitive and specific markers for early detection.

In the present study, we employed the TMT method to generate comparative protein profiles of sera samples
obtained from pre- and postoperative PDAC patients. Furthermore, we compared the serum levels of candidate
proteins to evaluate the ability to discriminate between PDAC and healthy controls. Serum CA19-9 cannot
discriminate the PDAC from other diseases such as pancreatitis and major gastroenterological cancers including
biliary tract cancer (BTC).

Methods:

Using tandem mass tag labelling and LC-MS/MS, we performed comparative analyses of pre- and postoperative sera
from PDAC patients to identify specific serum biomarkers for PDAC. In validation studies, we evaluated the
discriminatory power of candidate proteins.

Results:

Among the 302 proteins analysed, 20 were identified as potential biomarkers, with C4b-binding protein a-chain
(C4BPA) and polymeric immunoglobulin receptor (PIGR) being selected for further analysis. The sera levels of C4ABPA
and PIGR were significantly higher in the preoperative PDAC patients than in the postoperative ones (P<0.008,
P<0.036, respectively). In addition, serum C4BPA levels, but not PIGR, in patients with PDAC were significantly higher
than those in healthy controls as well as in patients with pancreatitis and other malignancies including biliary tract
cancers (BTC) (P<0.001). The respective area under the receiver operator characteristics (ROC) curve (AUC) was
0.860 for C4BPA, 0.846 for CA19-9 and 0.930 for the combination of C4BPA and CA19-9 in PDAC vs non-cancer
individuals. The respective AUC was 0.912 for C4BPA, 0.737 for CA19-9 in Stages | and Il of PDAC, 0.854 for C4BPA
and 0.264 for CA19-9 in PDAC vs BTC.

Conclusions:

We have demonstrated that C4ABPA is a novel serum biomarker for detecting early stage PDAC, as well as for
distinguishing PDAC from other gastroenterological cancers. Further analysis in large cohort studies will warrant
C4BPA as a promising biomarker of PDAC in clinical use.

Novel Aspect:
C4BPA is a novel serum biomarker for detecting early stage PDAC.
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Introduction:

With the increasing number of cats maintained as pets, the opportunities to treat cats with lower urinary tract
disease have recently increased in the clinical veterinary field. Several studies have reported urinary tract infection of
felines with LUTD accounting for 2-10% of cases [1]. We performed direct identification of bacteria in urine using
pretreatment kits for the direct application of positive blood culture bottles to MALDI-TOF MS, aiming to improve
the low identification rates of E. faecalis and 2-morphology colony types.

Methods:

Urine samples collected from 50 cats with bacterial cystitis brought to Maeda Veterinary Hospital between August
10, 2015 and March 31, 2017 were used in the study. Sample preparation of the urine was performed using the
MALDI Sepsityper kit and rapid BACpro. To identify the isolates, MALDI-TOF MS was performed on the AutoFlex
TOF/TOF mass spectrometer.

Results:

MALDI-TOF MS seems to require high bacterial counts to be able to provide reliable scores. Experimental inocula
with at least 1.0 x 105 CFU/mL were required to obtain reliable scores for E. coli by MALDI Sepsityper Kit and rapid
BACpro, and the required inocula were even higher for E. faecalis by MALDI Sepsityper Kit (5.0 x 106 CFU/mL) and
BACpro (1.0 x 105 CFU/mL) .

Of the 50 urine specimens, the growth of colonies was observed in 37 specimens: 29 specimens with single colony
morphology, 8 specimens with two colony morphology. Thirteen specimens did not grow in culture, and MALDI-TOF
MS did not identify any significant protein profile in any of these cases.

Single colony morphology correctly identified 25 isolates (86.2%) using the MALDI Sepsityper Kit and 25 isolates
(86.2%) with the rapid BACpro. In 4 cases in which identification was not possible, the bacterial count was 1.0 x 105
CFU/mL or lower, which was below the detection limit of sensitivity. In the specimens with two-colony morphology,
the MALDI Sepsityper Kit identified only one species (Citrobacterfreundii, Enterobacter cloacae, Klebsiella
pneumoniae). The rapid BACpro was capable of identifying 2 species in 7 urine specimens. It was not able to identify
any bacterium in one case, in which E. faecalis and E. cloacae were present, and the E. cloacae count was 1.0 x 105
CFU/mL, which was below the detection sensitivity.

Conclusions:

The MALDI-TOF MS method employing the rapid BACpro for pretreatment is a quick and reliable method for the
identification of bacteria from infected urines, whose shortened analysis time enables an earlier and more accurate
selection of antibiotics for feline LUTD treatment.

Novel Aspect:
The identification of bacteria by the MALDI-TOF MS method using the rapid BACpro for pretreatment is possible
when the bacterial level is 1.0 x 105 CFU/mL or higher.
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Introduction

Adipose tissue inflammation is a well-observed consequence of obesity and a prologue of the metabolic syndrome. It
may result from infiltrating immunoinflammatory cells in adipose tissue, which disturbs metabolic homeostasis and
initiates low-grade systemic inflammation. Obesity-induced lipid spillover in adipocytes provokes an aberrant
adipokine secretory profile, resulting in the release of increased pro-inflammatory mediators such as cytokines and
signaling lipid derivates. Arachidonic acid is the main source of lipid derivates (i.e. prostaglandins, thromboxanes,
leukotrines, resolvins, protectins and epoxyeicosatrienoic acids), that mediate inflammation. Different enzymatic
conversions downstream of arachidonic acid, i.e. cyclooxyenase (COX), lipoxygenases (LOX) and cytochrome P450
epoxygenases (P450), yield specific lipid derivates. The correlation between adipose tissue levels of these lipid
derivatives and the metabolic healthy or unhealthy phenotype of the obese subjects is not clear [1]. Moreover, it is
unclear to what extent circulating lipids reflect the inflammatory state of the diseases adipose tissue [2]. We
hypothesize that we can determine the diagnostic value of these molecular lipids as biomarker for adipose tissue
inflammation through the identification of aberrant local lipid expressions in diseased adipose tissue and
subsequently connecting these to circulating lipid levels. Therefore, this project aims to analyze circulating pro-
inflammatory lipids and oxylipins that reflect adipose tissue inflammation. The topological distribution of the
molecular lipid profile in adipose tissue will be analyzed with mass spectrometry imaging (MSl), whereas circulating
lipids in matched patient plasma samples will be analyzed with LC-multiple reaction monitoring-(MRM) MS.

Methods

Matched adipose tissue and plasma samples of 10 lean- and 10 obese metabolic healthy subjects were included into
this study. For MSI experiments, fresh frozen adipose tissue biopsies were cryosectioned at 10 um thickness slides.
Each cryosectioned biopsy was split into three different slides randomly to minimize batch bias effects. A primary
MALDI-MSI analysis on human adipose tissue was performed on a RapifleX MALDI Tissuetyper system (Bruker
Daltonik GmbH, Bremen, Germany) in both positive and negative ionization mode. Representative tissue sections
with aberrant lipid expression profiles from the primary screening were subsequently analyzed with high mass
resolution imaging on an Orbitrap Elite mass spectrometer (Thermo Fisher Scientific, Bremen, Germany). Data
analysis was performed as described previously [3].

A UPLC-ESI-MRM targeted mass spectrometry assay for oxylipins was developed on a Xevo TQ-S triple quadrupole, in
negative ESI mode, coupled to an ACQUITY UPLC system using a Waters ACQUITY HSS PFP, 2.1x100 mm, 1.8 um as
analytical column (Waters Corporation, Milford, Massachusetts, USA). COX metabolites were obtained from Cayman
Chemicals (Ann Arbor, Michigan, USA) to assess the method’s performance, sensitivity and specificity by plasma
spike-in assays with mixed mode solid-phase extraction (SPE) using Oasis MAX uElution plates (Waters Corporation,
Milford, Massachusetts, USA). Heavy labeled COX metabolites were used as reference standards in patient samples.
Sample preparation and SPE conditions were performed as described previously [4]. Data analysis was performed
with TargetLynx V.4.1 (Waters Corporation, Milford, Massachusetts, USA).
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Results

Lean and obese subjects were well defined based on anthropometric parameters (e.g. BMI and total body fat mass),
biochemical analysis (e.g. plasma glucose, insulin and C-reactive protein) and markers of adipose tissue inflammation
(e.g. IL-6, IL-8, number of macrophages and crown-like structures). Topological distribution of the COX-, LOX- and
P450 metabolites in adipose tissue is being determined. Subsequently, aberrant lipid profiles in adipose tissue will be
analyzed with existing metadata of individual subjects to infer the biological relevance of these metabolites. This
holistic approach will indicate those relevant oxylipin profiles that are related to adipose tissue inflammation, which
are then selected for targeted oxylipin MRM approach in circulating plasma samples.

MRM methods using specific transitions were developed for analysis of fourteen COX metabolites individually (i.e. 6
keto-Prostaglandin Fla, Thromboxane B2, 11B-Prostaglandin F2a, Prostaglandin F2a, 11B-13,14-dihydro-15-keto
PGF2a, Prostaglandin E2, Prostaglandin D2, 13,14-dihydro-15-keto Prostaglandin E2, 13,14-dihydro-15-keto
Prostaglandin D2, 15-keto Prostaglandin E2, Prostaglandin J2, 15-deoxy-A12,14-PGD2, 15-deoxy-A12,14-
Prostaglandin J2 and Arachidonic Acid). MRM methods show good linearity across at elast two magnitudes of
standard (R2 >097). Purification by SPE was further optimized to extract spiked COX metabolites standards
(unlabeled and heavy labeled) in human plasma.

We currently perform assay validation of the MRM assay prior to analysis of patient samples. This pilot study of 10
lean and 10 obese subjects will be evaluated first prior to analysis of all lean (n=35) and obese (n=37) subjects and
type 2 diabetic (T2D) patients (n=33). The T2D patients will be included as the metabolic unhealthy subjects.

Conclusions

This approach will allow to identify aberrant lipid expressions in diseased tissue and its connection to circulating lipid
levels, which indicates the diagnostic value of these molecular lipid profiles as biomarker for adipose tissue
inflammation.

Novel Aspect

The unique availability of matched patients samples (viz. adipose tissue biopsies and plasma) enables biomarker
research for adipose tissue inflammation. This holistic approach that combines complementary mass spectrometry
approaches will strengthen personalized biomarker research. This is the first study that combines MALDI-MSI with
LC-MRM-MS to analyze molecular characteristics and location of lipid profiles in the adipose tissue and how this
relates to the circulating lipid profiles per individual.
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Introduction:

Therapy of glioblastoma multiforme (GBM) is challenging due to specific property of glioblastoma stem cells (GSC) to
penetrate far from the tumor localization, thus, avoiding therapeutic actions. However, experimental therapy using
oncolytic viruses have demonstrated ability to kill GSC and cause stable remissions. In this work, we studied specific
defects in GBM antiviral mechanisms, enabling success of virus therapy.

Methods:

8 GBM cell cultures treated with interferon o, were analyzed using Orbitrap Fusion Lumos mass spectrometer
coupled with UltiMate 3000 nanoflow LC (Thermo Scientific). Protein identification, post-search validation and label
free quantification were performed using X!Tandem [1] and MPscore [2], respectively. Statistical analyses of
differential protein regulation followed by GO analysis were implemented using python-based libraries and GOrilla
[3].

Results:

Tests for GBM cells sensitivity to vesicular stomatitis virus Indiana strain (VSV) have revealed 5 GBM cultures
developing resistance to virus infection due to pre-treatment with interferon a or B (IFNa, IFNB). Other GBM
cultures have either developed resistance after pre-treatment with IFNa or kept sensitivity to the virus regardless of
IFNa and IFNB treatment. Based on these results, 5 GBM cultures were combined into the group with intact type |
IFN signaling, while the other 3 cultures were defined as cultures with broken (at least partially) type | IFN signaling.
Proteomics-based analysis of untreated and IFN treated GBM cells followed by analyses of differentially regulated
protein products of IFN stimulated genes (ISGs) and biological process enrichments have revealed that GBM cells
with intact IFN signaling respond to IFNa and IFNB treatment by enhanced production of ISGs proteins with antiviral
properties. The number of ISGs proteins is considerably less in the group with broken type | IFN signaling.
Conclusions

Results of proteomic analysis of GBM cell responses to IFNa and IFNB treatment supported the results of VSV
sensitivity tests. In our data, a molecular signature of significantly upregulated IFIT1/2/3, OAS1/2/3/L, MX1/2
proteins was a marker of developed resistance to VSV infection. We assume inactivation of STAT1 and STAT2, the
key components of IFN signaling; can be responsible for the broken antiviral defense in GBM cells.

Novel Aspect:

The interactions between GBM cells, GSC and oncolytic viruses as well as the role of IFN signaling for virus therapy
are the studies of primary interest, promising novel and effective therapy against glioblastoma.
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Introduction
In the pathogenesis of diabetic complications, the interaction between the receptor for advanced glycation end
products (RAGE) and its ligands AGEs is evident: however AGE structural propertiesand the interaction mode is still
unknown [1]. Aimed at clarifying AGE structural requirements, the study intended to characterize the binding of VC1
(RAGE ectodomain) and commercial glycated human serum albumin (HSAgly) to gain new insights on AGE-RAGE
interaction.

Methods

HSAgly and HSA were covalently immobilized onto carboxymethyldextran surface and the binding with recombinant
VC1 was investigated by means of surface plasmon resonance (SPR) [2]. Then, an affinity column was prepared by
immobilizing VC1 on CNBractivated sepharose beads for VC1-HSAgly interaction studies by MALDI-ToFmass
spectrometry (MS). Epitope extraction MS[3]on HSAgly tryptic digestion was performed toidentifyHSAgly peptides
involved in the binding.

Results:

Two surfaces of HSAgly and HSA were prepared via amine coupling chemistry and a SPR-based assay was used to
verify the selectivity of the binding between VC1 and HSAgly in comparison with the unglycated isoform. VC1-HSAgly
affinity analyses were carried out and a 1:1 binding model was used to extrapolate the equilibrium dissociation
constant of the complex (KD). The binding constant (KD = 4.9 BIM) showed a moderate affinity of VC1 for HSAgly and
allowed to make some consideration on the strength of such interaction.

Furthermore, a VC1-based affinity column was prepared and VC1-HSAgly interaction was confirmed by MALDI-ToF
MS. HSAgly was tryptic digested and analyzed by ESI-Q-ToF and MALDI-ToF MS in order to characterize the glycation
sites on the protein scaffold. Epitopes extraction method allowed the isolation and the characterization of HSAgly
peptides involved in the interaction. The analysis of the model structure showed that they belong to discontinuous
epitope included in domain | and sub-domain IlA of the protein.

Conclusions

The results of this study enabled the assessment of VC1-HSAgly interaction by affinity-MS. VC1 showed to well
discriminate between glycated and unglycated HSA confirming that HSAgly acts as VC1 binder. The determination of
the affinity binding constant and the structural identification of epitope involved in such interaction provided a
reliable characterization of commercialHSAgly as marker for AGE-RAGE interaction studies.

Novel Aspect
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The affinity-MS approach for identification of epitopes and affinity quantification of the complex provided key
information on the glycation sites involved in RAGE binding.
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Introduction:

The complete knowledge of the molecular mechanisms behind fibromyalgia (FM) is still lacking and few studies have
analyzed the peripheral molecular pattern in women with FM. The primary aim of this study was to investigate and
compare the plasma proteome profile between women with FM and healthy controls (CON). Secondly, to investigate
the correlation between plasma protein patterns and pain intensity (Visual analogue scale, VAS) and pressure pain
thresholds (PPT).

Methods:

Clinical variables and background data were collected andPPTs were recorded using an electronic algometer. Plasma
proteome profile from women with FM (n=30) and CON (n=32) was analyzed by 2-DEcombined with MS. The 2-DE
results were analyzed with Principal Component Analysis (PCA) and Orthogonal Partial Least Squares — Discriminant
Analysis (OPLS-DA) models. Correlation between plasma proteins and pain intensity, pain sensitivity was analyzed in
FM using OPLS.

Results:

As expected significant differences were found between FM and CON in the clinical variablesFibromyalgia impact
questionnaire (FIQ), VAS, PPT, hospital and anxiety depression scale (HADS) and pain catastrophizing scale (PCS). The
OPLS-DA model, identified 27 plasma proteins as being important for the group separation between FM and CON. In
the OPLS model of pain intensity, 12 proteins were multivariately correlated with pain intensity in the FM group;
eight of 12 proteins were associated with higher pain intensity score (VAS>50 mm). In the OPLS model of pain
sensitivity in FM, 11 proteins multivariately correlated with PPT; three out of 11 proteins were associated with very
low pain sensitivity score (<200 kPa).

Conclusions:

In this cohort prominent differences exist in plasma protein patterns between FM and CON. Several plasma proteins
correlated with pain intensity and sensitivity and these proteins needs to be further identified to confirm their role in
FM. Combining clinical and proteomic data with multivariate statistics, potential biomarkers could be identified that
can lead to improved clinical assessments, treatments and eventually new pharmacological therapies for FM.

Novel Aspect:

Plasma proteomic generate large data set, which in combination with multivariate statistics, is an important tool for
identifying potential biomarkers associated with FM.

59



133 - THERAPEUTIC PROTEINS IN SPORTS DRUG TESTING: DETECTION OF DIFFERENT ACTRII INHIBITORS IN SERUM
BY MEANS OF (IMMUNO-)AFFINITY PURIFICATION, TRYPTIC DIGESTION, AND LC-HRMS

Katja Walpurgis (1) - Andreas Thomas (1) - Christian Reichel (2) - Frank Dellanna (3) - Mario Thevis (1)

German Sport University Cologne, Institute of Biochemistry/Center for Preventive Doping Research, Cologne (1) - AIT
Seibersdorf Laboratories, Doping Control Laboratory, Seibersdorf (2) - Fresenius University of Applied Sciences,
Fresenius University of Applied Sciences, Cologne (3)

Keywords: Doping, ActRIl-Fc fusion proteins, Therapeutic antibodies, Affinity purification, LC-HRMS

Introduction:

Therapeutic proteins represent an emerging class of pharmaceuticals comprising several drug candidates with
potential performance-enhancing properties. Especially inhibitors of the ActRIl signaling pathways possess the
potential for being misused as doping agent in sports as they were found to have positive effects on muscle mass,
bone formation, and red blood cell production[1, 2].

Methods:

Ammonium sulfate precipitation, (immuno-)affinity purification, tryptic digestion, and LC-HRMS were employed to
develop targeted detection assays for the therapeutic antibody Bimagrumab and the ActRII-Fc fusion proteins
Sotatercept (ActRIIA-Fc) and Luspatercept (modified ActRIIB-Fc) in doping control serum samples.

Results:

Three complementary assays for the detection of different ActRlIl inhibitors were successfully developed by using
different proteomic techniques [3, 4]. The methods were comprehensively characterized and found to be fit for
purpose for doping control routine analysis. In addition to LC-HRMS, ion mobility was employed to facilitate the
unambiguous identification of the target peptides. For Bimagrumab, clinical samples were analyzed to demonstrate
the applicability of the approach to authentic serum specimens.

Conclusions:

Mass spectrometric assays for the detection of emerging protein drugs are of great value for both the
pharmaceutical industry and preventive doping research. The presented assays will expand the range of available
tests and can readily be modified to include other therapeutic fusion proteins and antibody-based drugs.

Novel Aspect:
Although no ActRll inhibitors have obtained clinical approval yet, LC-HRMS detection methods for three candidates
were proactively developed.
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Introduction:

Chromogranin-A (CgA) is aprotein produced in the secretory granules of neuroendocrine tissue, with increased
plasma levels being indicative of neuroendocrine tumors (NET)[1]. Currently, CgA is measured using various
immunoassays [2]. However, limitations arising from non-specific binding and a reduced dynamic rangepose hurdles
in implementing such tests in clinical laboratories. Here we describe a novel, antibody-free LC-MS/MS assay to
quantitate CgAin serum.

Methods:

Exploiting the acidic properties of CgA, 100 uL of serum is extracted using an anion exchange solid-phase extraction
plate followed by addition of internal standard (IS). The extracted sample is concentrated, enzymatically digested,
and a unique peptide to CgA is chromatographically resolved and analyzed by SRM on a Sciex 6500+ QTrap mass
spectrometer. The ratio of the analyte peak area to the isotopically labeled IS peak area is used to achieve
quantitation.

Results:

Chromogranin-A showed linearity across a wide range (50-50,000 ng/mL, R2=0.99), as well as inter- and intra-assay
reproducibility (CV 5.2-15.7%). Analytical sensitivity and limit of quantitation were determined to be 35.5 and 50
ng/mL, respectively. This method has no cross reactivity with interfering substances, and shows sample stability up
to 5 days at room temperature, up to 14 days at 4C, and up to 31 days at -20C. Samples from 308 patients were
analyzed to compare CgA serum values measured by the Cisbio CGA-ELISA-US immunoassay with values from our LC-
MS/MS assay. After natural logarithm-transformation of the measurements, a normal distribution was seen in the
308 patients. A paired t-test was performed on these data and the concordance between the assays was measured
by the Pearson correlation coefficient and Passing & Bablok curve fitting (R2=0.76; -0.25 + 1.03x).

Conclusions:
We have developed and validated a fully automated LC-MS/MS assay for quantitating chromogranin-A out of serum.
Unlike immunoassays, our workflow is not dependent on capture and detection antibodies, and therefore structural

changes in CgA due to denaturation, aggregation, or post-translational processing will have no impact on detection.

Novel Aspect:
This is a first-of-its-kind LC-MS/MS assay to detect and quantitate chromogranin-A out of serum.
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Introduction:

The strong interaction of biotin and avidin is widely used for the enrichment of proteins from complex mixtures. The
recovery of biotinylated proteins and the discrimination between unspecific binding and specifically enriched
proteins remain major challenges. We compared different strategies for the purification of biotin-enriched proteins
followed by MS analysis and applied them to the analysis of organelle proteomes.

Methods:

Equal amounts of heavy control and light stably BiolD [1] transfected SILAC cells were combined, lyzed and
processed with 4 methods (three replicates): 1,2: Binding to beads followed by digestion and off-gel fractionation
using 2 sets of washing buffers [2]; 3. Digestion prior to biotin capture [3]; and 4. Elution from the beads and in-gel
digestion [4]. Organelle proteomes were enriched using different BiolD constructs. Samples were analyzed using LC-
MS/MS.

Results:

Using unbiotinylated 3plex SILAC labeled HEK cells (in two replicates), a significance threshold for biotinylation (95%
of proteins) was calculated. Peptides with experiment/control ratios above this threshold were considered to be
specifically enriched and therefore biotinylated. On bead digestion followed by offgel fractionation resulted in
identification of 3165 and 3006 proteins on average for 2 different sets of washing buffers (82.3% and 81.6%
biotinylated). Incubation of peptides with beads yielded on average in 173 proteins identifications (64% biotinylated)
while elution of biotinylated proteins followed by in gel digestion resulted on average in 711 proteins (81.3%
biotinylation). Using method 1, cells transient transfected with 4 different BiolD constructs (three replicates) located
at the cytoplasm, endoplasmic reticulum, nucleus, and mitochondria were analyzed, resulting in distinct subcellular
proteomes.

Conclusions:

Except digestion of proteins prior to on bead biotin capture, all approaches resulted in similar enrichment
efficiencies for biotinylated proteins. On bead digestion resulted in the highest number of identifications being in our
hands the best method for the analysis of affinity captured biotinylated proteins. It was possible to identify
subcellular proteomes using different BiolD constructs.

Novel Aspect:
Comparison of methods for avidin affinity capture of biotinylated proteins for MS analysis and analysis organelle
proteomes using BiolD constructs.
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Introduction

Trypanosoma brucei isa protozoan parasite and the causative agent of sleeping sickness in humans. Approximately
9100 protein coding genes have been identified by whole genome sequencing[1], yet 4900 of these lack classifiable
homology to known proteins in other organisms. To further ascribe functional classification to these “hypothetical”
proteins [2,3], we performed a protein correlation profiling (PCP) based on a cross-linking mass spectrometry
approach.

Methods

Cells were cryomilledand the lysate powder was reacted with the cross-linking reagent DTSSP. After, the cross-linked
protein samples were submitted to size exclusion chromatography (SEC) followed by their fractionation. Each
fraction was submitted to nanoLC-MSMS analyses and their PCP analysiswas performed based on label free
guantification (LFQ) intensities processed by MaxQuant.

Results

PCPidentifies cofractionating proteins to enable a global characterization of functionally related proteins via “guilt by
association”, as many intracellular biological processes are dependent on the stable physical association between
two or more proteins.Weutilised cryomillingto maintainin vivo protein associations, whilst usingchemical crosslinking
to stabilises suchinteractionsduring further sample processing.

In order to optimiseDTSSP mediated crosslinking conditions, a-tubulin wasmonitored as a reference protein by
Western blotting with anti-a tubulin.The established reaction condition of 4 mM DTSSP for 30 mins was sufficient to
induce crosslinking.As a next step, the SEC was performed, and the eluted protein complexes were collected in 12
fractions. The PCP resultsrevealed protein complexes that were not seen in the previous study carried out using
native conditions[4].Moreover, we have found hypothetical proteins associated with annotated proteins, that might
help to accredit their shared function.

Conclusions

Weestablished a crosslinking approachwith DTSSP oncryomilledTrypanosoma brucei cell lysates, followed by their
proteins separation on SEC and fractionation. Using a small number of fractions, PCP preliminary data have shown
the capability to reveal not only protein complexes that were not seen in the previousstudy, but also the protein
associations between annotated and hypothetical proteins.

Novel Aspect
The novel aspect of this approach relies on the combination of cryomilled cell lyses, the covalent protein association
using crosslinking, SEC and PCP.

References

Berriman, M et al. Science, 309(5733), 416-422 (2005)

Salavati, R., and Najafabadi, H. S. Trends Parasitol. 26, 225-229 (2011)
Alsford, S. et al. Genome Res. 21, 915-924 (2011)

Crozier, T. W. M. et al. Mol. Cell Proteomics, 2254—-2267 (2017)

63



1008 - SAMPLE MULTIPLEXING BY ISOELECTRIC FOCUSING (PI-CODING) FOR ISOBARIC LABELING AND LABEL-
FRANTIFICATION

Juan Astorga-Wells (1) - Christian Beusch (2) - Thorleif Lavold (3) - Roman A. Zubarev (2)

--, Karolinska Institutet, Medical Biochemistry and Biophysics, -- (1) - --, Karolinska Institutet, Medical Biochemistry
and Biophysics, Stockholm (2) - Biomotif AB, --, Stockholm (3)

Keywords:Multiplexing, Isoelectric Focusing, Isobaric Labeling

Introduction:

Sample multiplexing is an important tool for improving the throughput of MS analysis. Herein, we introduce the
concept of Isoelectric Point Coding (pl-Coding) for an additional x2 or x3 level-multiplexing power of isobaric labeled
samples. An in-solution isoelectric focusing device for fast pl-Coding is described, especially suitable for combining
biological-replicates into a single sample. The utilization of pl-Coding for LFQ and TMT samples is demonstrated.

Methods:

Steps for pl-Code multiplexing:

1. Separation. Isolation of non-overlapping pl windows from each sample; Sample 1: peptides with pl < 5.0, Sample
2: peptides pl between 5.2-7.5, and Sample 3: peptides with pl > 7.8.

2. Pooling of all isolated pl ranges into one sample, followed by its LC MS/MS analysis.

3. Signal deconvolution: theoretical pl calculation of every peptide & assignment according to: pl < 5 to Sample 1, pl
between 5.2 and 7.5 to Sample 2, pl > 7.8 to Sample 3.

Results:

In isobaric labelling, the sample number information is encoded into a chemical tag, which is later decoded by MS
[1]. Similarly, the isoelectric point value can be used as an information tag, since its value can be easily calculated,
andbecauseeach protein produces tryptic peptides having pl values from acidic to neutral to basic, with empty
valleys between them. In fact, it has been shown full human proteome coverage using peptides with pl ranges
between 2.5 - 4.7 [2].

pl-Coding was developed as followed:

In-silico modelling. Several isoelectric focusing ranges were studied for optimum multiplexing. The results showed
that two to three pl-channels provide at least 3 peptides for each protein.

pl-Coding. Anisoelectric focusing device was developed for optimum collection of 3 pl areas in a way compatible with
automation.

Validation. The results showed that pl-coding could be used for x2 or x3 multiplexing for the analysis of thousands of
proteins in a highly parallelized manner for iTRAQ/TMT-based or label-free quantification.

Conclusions:

The pl-Coding works with LFQ and TMT-reagents to double or triple their throughput. In LFQ, pl-coding is especially
suitable for combining 3 biological replicates into a single sample (using 3 pl-Code channels). In the case of TMT-
labeled samples, pl-Coding allows up to 20-30 sample multiplexing. In-silico modelling suggest that pl-Coding could
be applied to different organisms. To our knowledge this is the highest level of multiplexing described in the
literature.

Novel Aspect:
pl-Coding works with LFQ and TMT-labeling to double or triple their throughput.In TMT-labeled samples, it allows up
to 20-30 sample multiplexing.
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Introduction:

Actinic keratosis (AK), Bowen'’s disease (BD) and cutaneous squamous cell carcinoma (cSCC) are heterogeneous skin
tumours with high prevalence rates globally. This study reports comprehensive protein biomarkers with
discriminatory capabilities towards these lesions.

Methods:

Proteolytically digested peptides from formalin-fixed and paraffin embeded (FFPE) samples of normal skin, AK, BD,
well differentiatedcSCC (n=14), moderately differentiated cSCC (n=15) and poorly differentiated cSCC (n=15) were
analysed in TripleTOF® 6600 using sequential window acquisition of all theoretical mass spectra (SWATH-MS)
workflow. Peptide peaks were extractedusing Skyline followed by their differential abundance analysis and
bioinformatics analysis.

Results:

We reliably identified and quantified 3574 proteins across 93 samples. Differential abundance analysis revealed that
15, 26 and 403 proteins were exclusively changed in ¢SCC, BD and AK samples compared to the normal skin,
respectively. Also, 16 and 225 proteins were differentially abundant exclusively in BD and ¢SCC compared to AK
samples, respectively. Ten proteins were differentially abundant in cSCC compared to BD samples. In addition, a total
of 118 proteins were commonly changed in moderately-differentiated and poorly-differentiated cSCC samples
compared to well-differentiated cSCC subtype while 55 and 809 proteins were differentially abundant exclusively in
moderately and poorly differentiated cSCCs compared to well-differentiated cSCC samples, respectively. Majority of
these proteins were involved in pathways associaetd with cell proliferation, apoptosis and DNA damage response
which are crucial in carcinogenesis.

Conclusions:

To our knowledge, this is the most comprehensive and complete SWATH-MS proteomic study in ¢SCC and its
premalignant lesions. The identification of differentially abundant proteins and potentially important molecular
pathways in this study form a rich resource for biomarker discovery in the future.

Novel Aspect:

For the first time we successfully applied SWATH proteomics on FFPE skin samples. Our methodologyopens
invaluable opportunities to explore proteome of other skin conditions.
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Introduction:

Actinic keratoses (AK) are frequent premalignant tumors that can be clinically difficult to differentiate from skin
cancer. To definitely confirm or rule out the diagnosis, a biopsy is needed, but this is an invasive procedure that leads
to increased morbidity. An easy, quick and reliable non-invasive alternative to biopsy is needed to definitively
confirm the clinical diagnoses. In this paper, we evaluate Tape Stripping (TS) of stratum corneum (SC) for biomarker
analysis of AK.

Methods:

Lesional and non-lesionalhuman SC samples were obtained by application of stripping tapes on the skin of five AK
patients. Following sample preparation, protein digests were analyzed by liquid chromatography tandem mass-
spectrometry (LC-MS/MS). Bioinformatics analysis were performed using Funrich, Ingenuity Pathway Analysis (IPA)
and Oncomine bioinformatics and analytical tools.

Results:

Of the total 613 unique proteins identified, 477 overlapped with proteins identified in our proteomic analysis of
formalin-fixed and paraffin-embedded (FFPE) AK samples. Additionally, 32 proteins were significantly increased, and
four proteins decreased in AK samples compared to the normal skin (p<0.05). In line with proteomic analysis of FFPE
samples, IPA and Funrich analysis showed that differentially abundant proteins in the TS AK samples are implicated
in PI3K/AKT and EGF signaling pathways. These findings were confirmed at the transcript level.

Conclusions:
Tape stripped AK sample is suitable for biomarker analysis using mass spectrometry.

Novel Aspect:

The application of this technique further could revolutionize management of keratinocytic skin tumors by reducing
the need for traditional invasive biopsy.
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Introduction:

Protein degradation plays important roles in biological processes and is tightly regulated. Further, targeted
proteolysis is an emerging research tool and therapeutic strategy. However, proteome-wide technologies to
investigate the causes and consequences of protein degradation in biological systems are lacking.

Methods:

mPDP enables the sensitive and comprehensive relative quantification of cellular mature and nascent protein pools
across a range of different treatment conditions in biological duplicates and in a single mass spectrometric
experiment by combiningdynamic SILAC with chemical labeling using neutron-encoded tandem mass tags (TMT).

Results:

We developed ‘multiplexed proteome dynamics profiling’, mPDP [1], a mass spectrometry-based approach
combining dynamic-SILAC labelling with isobaric mass tagging for multiplexed analysis of protein degradation and
synthesis. When applied combination with other quantitative proteomics approaches such as chemoproteomics and
thermal protein profiling, mPDP provides unique insights in drug mechanism-of-action. The method was applied in
three proof-of-concept studies, and uncovered different responses induced by the bromodomain inhibitor JQ1
versus a JQ1-proteolysis targeting chimera. Further, we elucidated distinct modes-of-action of estrogen receptor
modulators, and we comprehensively classified HSP90 clients based on their requirement for HSP90 constitutively or
during synthesis demonstrating that constitutive HSP90 clients have lower thermal stability than non-clients, higher
affinity for the chaperone, vary between cell types and change upon external stimuli.

Conclusions:

We have established multiplexed proteome dynamics profiling a powerful means to elucidate the mechanism of
action of bioactive molecules, thus complementingcurrent proteome-wide target identification strategies.mPDP
identifies targets of protein degraders and more generallyenables the discovery of regulatory degradation
mechanisms in biological systems.

Novel Aspect:
PROTAC target identification and detection of regulated degradation events.
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Introduction:

In previous studies we have presented comprehensive interactome analysis using multi-epitope AP-MS ([1], [2]) and
stoichiometric complexome analysis by csBN-MS ([3]) for membrane proteins. Notwithstanding, these techniques do
not provide information on biogenesis of assemblies, subcellular distribution or spatiotemporal dynamics. We,
therefore, took on extending/refining organellar proteomics workflows ([4], [5], [6], [7]).

Methods:

Primary epithelial cells (RPTEC) were used as a model for endosomal recycling. After isotonic homogenization,
hypotonic lysis and disruptive sonication multidimensional protein fractionation was applied. Fractions were
analyzed by nano-LC-MS/MS. After label-free quantification, Euclidian-distance based hierarchical clustering and
dimensionality reduction by t-distributed stochastic neighbor embedding (t-SNE) data were visualized in two
dimensions.

Results:

Key elements of the approach are subcellular fractionation (which is inherently limited), comprehensive and
guantitative MS profiling, and unsupervised cluster analysis. High reproducibility and accuracy are required for
optimal results. The higher the number of non-redundant fractions, the higher the precision of quantification. Nano-
LC-MS/MS analysis of 80 trypsin-digested RPTEC samples (40 sub-fractions, each divided into an upper and a lower
molecular weight range sample by SDS-PAGE) with an LTQ Orbitrap XL instrument yielded more than 3700
guantitative protein distribution profiles. Hierarchical clustering revealed more than 20 distinct entities representing
classical cellular organelles or organelle substructures, populations of trafficking vesicles, multiprotein machineries
and cytoskeletal networks as shown by successful mapping of 1074 prequalified marker proteins and validated
functional annotations from UniProtKB/Swiss-Prot.

Conclusions:

Organellar proteomics is a powerful method for comprehensive, robust and quantitative assessment of the
subcellular localization of proteins with a broad range of applications: Identification and verification of subcellular
markers, classification of interactomes, unbiased definition of subcellular proteomes, analysis of spatial dynamics of
proteins and localization determinants, etc.

Novel Aspect:
With multidimensional fractionation and advanced quantification, cluster analysis and visualization tools protein
clusters were resolved with unprecedented resolution.
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Introduction:

Depletion of abundant plasma proteins is required to identify and measure changes in prognostic or diagnostic
proteins [1]. We have developed new top2 and topl2 abundant protein depletion resins and evaluated them for
depletion specificity, efficiency, and reproducibility. We also combined our abundant protein depletion resins with a
streamlined Tandem Mass Tag (TMT) sample preparation procedure.

Methods:

Commercially-obtained pooled human plasma samples were used to assess depletion resins by SDS gel, ELSIA, and
LC-MS. HighpHreversed-phase fractionation was performed on TMT-labeled samples before LC-MS analysis. All
samples were analyzed on Thermo Scientific Orbitrap Fusion Tribrid mass spectrometer and processed using Thermo
Scientific Proteome Discoverer 2.2 software [2].

Results:

After optimization of the antibody ligand conjugation chemistries and resin blending protocols, we achieved >97-
99% depletion efficiency of twelve high abundance protein targets in human plasma samples.Abundant protein
depletion from plasma enabled detection of 34% more peptides and 25% more proteins compared to undepleted
samples. Assessment of depletion capacity of the new resins showed highreproducibility for samples ranging from
10-100ul. These depletion resins were also used in combination with a new sample preparation workflow for TMT-
reagent labeling which minimizes sample handling and the number of steps. Using this workflow, we identified and
quantified nearly 1100 proteins in normal and lung cancer patient plasma samples.

Conclusions:

Abundant protein depletion from plasma enables detection of more peptides and proteins for better detection and
guantitation of relevant biomarkers. Combining abundant protein depletion with a streamlined TMT reagent sample
preparation workflow and high pH reversed phase fractionation resulted in quantification of nearly1100 proteins in
normal and lung cancer patient plasma samples.

Novel Aspect:
Development and comprehensive analysis of new top2 and topl2 depletion resins for abundant human plasma
proteins for quantitative comparison studies.
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Introduction: (Limit of 400 characters)

No consensus have beenmade whether label or label free proteomics quantitative methods are better for the
guantitative analysis of complex mixtures. We have analyzed human reconstructed skin samples of 4 donors at
different time using 10-plex TMT labeling, label free quantitation, DIA (Data Independent Acquisition) and SRM for a
comprehensive analysis of the phenomena of skin reconstruction and comparison of proteomics quantitative
techniques and softwares.

Methods: (Limit of 400 characters)

Epidermal skin reconstruction of 4 donors at 10times (0 to 28 days) were used for the comparison. Peptides were
labeled with10-plex TMT and injected on the orbitrap fusion. The label-free experiment was injected on the orbitrap
fusion and analysed by MaxQuantand Proteome Discoverer 2.2.60 selected proteins were targeted by SRM on the
6500 QTRAP and analyzed by Skyline. DIA experiments were performed on the orbitrap fusion and analysed by
Scaffold DIA or Skyline.

Results: (Limit 900 characters)

4338 proteins were identified by using 5 different 10-plex TMT experiments (14 fractions of 2 hours) with a common
reference pool. 1821 quantifiable proteins were common between the 5 experiments and 48 variant proteins were
obtained. For the Label-Free experiment, individual samples were run for 5hours identifying 3619 proteins, from
which 2749 were quantifiable. 393 proteins were considered variant with MaxQuant and the results will be
compared with PD 2.2 software. 55 of the selected proteins for the SRM experiment were quantifiable and 13
proteins were variants.DIA experiments(50 windows of 10 amu) using Scaffold DIA and Skyline will be compared with
the 3 other Methods: 11 proteins were commonly statistically variants between the 4 different techniquesat specific
time points and 8 of them behave exactly the same along the time course for the quantitative techniques tested.

Conclusions (Limit of 400 characters)

For this project, TMT gave the highest number of protein identifications, Label-Free analysis gave the highest
number of quantifiable proteins and DIA gave the best results for the reproducibility. Label free analysis using
precursor intensity was the most valuable method despite the longest time of analysis. We found that the use of
Scaffold DIA is promising for the analysis of DIA data.

Novel Aspect: (Limit of 150 characters)

Different quantitative proteomics methods and the use of a new released software for DIA allows better
understanding and confidence in the mechanism of skin reconstruction.

71



436 - NEW PHARMACOLOGICAL TARGETS FOR CYSTIC FIBROSIS TREATMENT FROM EXTENSIVE PROTEOMIC
PROFILING OF AF508-CFTR EXPRESSING CELLS.

Clarissa Braccia (1) - Valeria Tomati (2) - Nicoletta Pedemonte (2) - Andrea Armirotti (3)

Fondazione Istituto Italiano di Tecnologia, D3Pharmachemistry, Genova (1) - Istituto Giannina Gaslini, U.O.C.
Genetica Medica, Genova (2) - Fondazione Istituto Italiano di Tecnologia, Analytical Chemistry Facility, Genova (3)

Keywords: Cystic Fibrosis; bronchial epithelial cells; SWATH ion library
Introduction:

Cystic fibrosis (CF) is a genetic disorder, caused by mutations in the CFTR gene [1]. Deletion of phenylalanine 508
(F508del) is the most frequent mutation. Dr. Pedemonte’s group has selected molecules with a role in F508del-CFTR
processing and degradation. After their silencing, an increase of CFTR at the cell membrane was measured [2], [3].
Using SWATH workflow [4], it is possible to analyze changes at proteome level. The first step is the creation of an ion
library.

Methods:

We characterized the proteome of CFBE41lo-, the in-vitro model for cystic fibrosis pharmacological research [5].
CFBE410- cells were cultured and transfected as already described [2]. From cell lysates, we performed both an in-
gel digestion and an in-solution digestion. The in-solution digestion was performed on both Proteominer [6] wash
and eluted fractions and the resulting peptides were then fractionated offline (8 fractions) with a high pH/low pH
strategy [7].

Results:

Raw data were analyzed with ProteinPilot software using the Paragon algorithm [8]. Spectra were searched against
the Homo sapiens reference proteome, reporting 71599 proteins. Search was performed against both target and
decoy databases. Carbamidomethylation of cysteine (CAM) was set as fixed modification and only four variable
modifications were allowed, maximum one per peptide (methionine oxidation, asparagine and glutamine
deamidation and conversion of glutamine and glutamate to pyroglutammic acid). This search, done using the FDR
calculation protocol described by Tang in 2008 [9], returned 5935 proteins and 72031 distinct peptides at a FDR of
1%.

To ensure high quality to our library, we imported in the library builder only MRM data of proteins with a maximum
global FDR of 1%. Moreover, we removed the peptides shared by more than one protein.

After these filtering steps, we produced an ion library with the spectral information on 5627 proteins.

Conclusions:
Thanks to this ion library, we were able to quantify more than 2000 proteins in a total lysate from a single 2 hours
LC-MS/MS run.

The ion library we generated will enable us to detect changes at protein level in response to the silencing of
molecules known to be involved in CFTR processing.
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Novel Aspect:

We built the first SWATH ion library dedicated to the most used cell model for CF research. Unlike the pan-human
ion library [10], our library contains CFTR and some of CFTR interactors.
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Introduction:

Quantitative (phospho)proteomics is often used to elucidate cellular responses on media supplements [1]. Especially
for non-model species, certain aspects besides LC-MS set up, like sample preparation, databases and evaluation
workflow strongly impact the outcome of signaling studies. Adapted workflows then lead to impacted
phosphorylation sites and signaling pathways. Here we outline critical steps based on our experience with chinese
hamster ovary (CHO) cell analysis.

Methods:

CHO cells were cultivated in chemically defined media. For SILAC experiments, media aresupplemented with either
ILys/IArg or hLys/hArg. After protein digestion,phosphopeptides were enriched with different strategies.
Measurements were performed by nLC-ESI Orbitrap MSand data was evaluated utilizing two different pipelines
based on MaxQuant/Perseus and Proteome Discoverer (PD). The obtained SILAC data was also quantified by LFQ for
cell line comparison.

Results:

Sample preparation workflow

An optimized lysis buffer solubilizes membrane proteins and allows a direct digest. The resulting new 6-step
workflowdecreases the variation of identified phosphorylation sites between techn. replicates.

Database searches

Combination of two databases (well annotated mouse; incomplete C.griseus for CHO) leads to the highest
identification rate compared to individual DB. However, the mix of identifiers for both species complicates software
evaluation.Merging of data fore.g. pathway mapping hence is to great extend manually. An intermediate step was
necessary for mappingdifferent protein identifiers to homologous ones.

Quantification methods

The SILAC-based data analysis yields in substantially more identification of modified peptides then LFQ-based
approaches, where only 75 % were identified. However, LFQ offersto describe cell-specific ground phosphorylation
status and protein expression comparisons. As the current version of PDsupports LFQ, we summarize pros and cons
in comparison to MaxQuant.

Conclusions

Several aspects besides the LC-MS set up showed to have strong impact on signaling analysis of non-model
organisms such as CHO.We highlight the importance and limitationsof sample preparation steps, referred protein
databases and quantification methods and propose applicablesolutions.

With this improvements, based on complementary LFQ + SILAC phosphoproteomic data, a comprehensive view on
CHO cell signaling in dependence on media supplements was possible.

Novel Aspect:
Optimized procedures allowed us to reach a high coverage of less-abundant phosphoproteins in CHO cells, which
results in a full view on signaling events in this non-model organism.
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Introduction:

Distilled spirits production using S. cerevisiae requires understanding the mechanisms of yeast cell resistance to
alcohols. Mutations in genes of ubiquitin-proteasome proteolytic system, such as RPN4, may result in appearance of
the strains exhibiting hyperresistance [1]. Indeed, RPN4 controls expression of proteolytic genes involved in
metabolic pathways [2]. In this work we elucidate the RPN4-dependent mechanisms of yeast cell resistance to
alcohol.

Methods:
Three S. cerevisiae strains: wild-type (WT) BY4742, RPN4-A (with RPN4 deletion), and YPL mutant with decreased
proteasome activity, were grown up to log phase in stressed (7% ethanol) and normal conditions. Samples were
subjected to LC-MS/MS analysis followed by protein identification, quantification (X!Tandem/MPscore), statistical
evaluation of changes in protein expression, and pathways analysis (STRING).

Results:

PCA results have shown the protein grouping according to strains, biological and technical replicates. No technical
bias was found for analyzed data. Next, protein levels were compared in pairs: no stress vs. ethanol stressed for each
strain (WT, YPL, RPN4-A). Proteins that passed the corrected (Benjamini—Hochberg FDR) t-test’s p-value of 0.05 were
defined as differentially expressed. We found the following pathways affected significantly by the ethanol effect on
the cells: protein folding and unfolding, rRNA modification, as well as carbohydrate and nucleotide metabolism.
Thus, the ethanol elicits complex cellular response that involves known players like chaperones and metabolic
enzymes, as well as the new ones like enzymes of nucleotide metabolism and rRNA modification. Some of these
genes are RPN4-dependent. Detailed analysis of differentially expressed proteins allowed identifying the candidates
that determine the phenotype of the cells’ alcohol resistance.

Conclusions:

Comparative proteome analysis of three different strains of S. cerevisiae revealed differences in yeast response to
ethanol at proteome level and suggested gene candidates that are potentially responsible for developing alcohol
resistance in the cells. These genes can be targets for further studies using methods of molecular genetics.

Novel Aspect:

The importance of RPN4-regulated non-proteasomal genes as novel factors involved in cellular response to ethanol
was revealed for the first time using LC-MS/MS.

The work was supported by the Russian Foundation for Basic Research (grant #18-04-00692) and Russian Science
Foundation (project #14-14-00971).
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Introduction

Regulation of gene expression is controlled by mRNA translation and thus defines the functional proteome.
Experimental methodologies are needed that can rapidly capture and reveal the actual nascent proteomes. In
addition, such methods must be able to measure changes in nascent protein abundances quantitatively in response
to pharmacologic or environmental cues.

Methods

We have developed a protocolusing an analog of puromycin, a tyrosine-tRNA mimetic, called O-propargylpuromycin
(OPP), to identify nascent proteomes rapidly. OPP is cell permeable and catalytically incorporated into nascent
polypeptide chains as a specific covalent label during elongation resulting in premature termination. These
polypeptidesarebiotinylated using click chemistry, then isolated and measured by tandem mass spectrometry[1].

Results

We have chosen the erythropoiesis paradigm known to be dependent upon an intricate balance involving
maintainence oferythroid precursors and their rapid differentiation to accommodate hematopoietic stresses. In this
study, we employed extensively self-renewing erythroblast(ESRE) cells to define the earliest proteomic program
unique to the decision between expanding erythroid precursors and terminal maturation. Using OPP-ID, we
discovered a network of genes involved in splicing, nucleic acid secondary structure unwinding, and cell cycle
regulation which are rapidly repressed in the absence of dexamethasone. While we observed genes previously
known to be associated with early hematopoietic precursor states (such as Ddx18, Stag2 and Pold1), we also
identified multiple genes such as Prpf6, Sartl, Psen2, and Mycbp2 which have not been previously implicated in
erythropoiesis.

Conclusions

This OPP-ID strategy provides rapid experimental view of changes in gene expression at the nascent protein level.
This opens a new window for the determination of the actual proteomic changes occurring in response to a variety
of cues that direct cellular fates such as proliferation or differentiation.

Novel aspect
This OPP-ID strategy has the potential to ask innumerable questions on the composition andrapid dynamicsof

proteomic networks at the organismal level.

1. Forester C., et al., ProcNatlAcad Sci., 2018, doi: 10.1073/pnas.1707514115
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Introduction:

MethylmalonicAcidemias (MMAs) are severe autosomal recessive inborn errors of metabolism caused by deficiency
of the mitochondrial methylmalonyl-CoA mutase (MUT) enzyme, which converts methylmalonyl-CoA into succinyl-
CoA, a Krebs cycle intermediate. As consequence, methylmalonic acid accumulates in body fluids as biomarker of the
disease. Long-term complications can include cognitive deficit, chronic kidney disease, liver and kidney failure.

Methods:

A stable MUT-knock out (KO) cell model was generated by using CRISPR-CAS9 genome editing technology on the
embryonic kidney (HEK) 293 cell line. Methylmalonic acid was measured in KO cells by liquid chromatography -
tandem mass spectrometry (LC-MS/MS) in the multiple reaction monitoring (MRM) mode. The proteomes of 4
biological MUT-KO and 4 wild type (WT) cell samples were compared using a quantitative label-free approach by LC-
MS/MS, according to MaxQuant software.

Results:

The goodness of this new cellular model, in which MUT protein was completely knocked out, was tested measuring
the levels of methylmalonic acid inside the cells. By contrast, it has not been detected in WT cells, as expected.
Bioinformatics analysis was carried out downstream the proteomic experiment in order to select the significant
differentially expressed proteins between the two conditions, among those identified in the 8 samples. The analysis
showed a number of 178 differentially expressed proteins, which passed all the statistic tests (results from Perseus
platform). Applying a more stringent parameter (the identification of each protein with at least 5 peptides in at least
3 of 4 samples per condition), the number of significant proteins was further reduced to 69, of which 39 down-
regulated and 30 up-regulated in the MUT-KO condition.

Conclusions:

The selected proteins are globally involved in energy metabolism and oxidation-reduction processes and most of
them have mitochondrial localization, supporting the idea of mitochondrial impairment in MMAs. The rescue of MUT
protein will be performed in KO cells in order to specify if the deregulated proteins are strictly linked to MUT
absence and highlight unknown molecular mechanisms underlying the cellular damage and tissue alterations in
MMA:s.

Novel Aspect:

This is the first cellular model of methylmalonicacidemia generated by using CRISPR-CAS9 genome editing
technology.
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Introduction:

Polio (poliomyelitis) once a widespread, occasionally paralytic diseaseis almosteradicated. Key to this success has
been broad vaccination programswith oral poliovirus vaccine (OPV) but the endgame requires a switch to inactivated
vaccines (IPV)(1).IPV potency is assayedin vivo(immunogenicity)(2) or in vitro(antibody based)(3) by relative
comparison to international references; improved IPV testing methods are desired(4).

Methods:

Reference Antigens (RA), Inactivated Polio Vaccine (IPV), monovalent bulks, and combination vaccines (DTaP-IPV)
were disulfide cleaved and capped then digested with trypsin. The peptides were separated on a C18 column
connected to Orbitrap Fusion MS collecting MS/MS in data dependent mode with HCD fragmentation. The data was
analyzed with Proteome Discoverer 2.1 by searching a custom database and quantification of proteins based on top
3 precursor intensity(5).

Results:

We compared numerous polio standards and vaccines using proteomics and label free quantitation.The database
search required generation of a custom database consisting of individual polio capsid proteins and proteins derived
from the other components of the combination vaccine. A recent RA with established DU/ml values was used to
prepare a calibration curve and the equation relating precursor intensities to DU was determined. The calculated
DUsin the samples werethen compared to the results obtained by the manufacturers by antibody based Methods:
The DU values obtained by this method are higher than labelled amounts for the combination vaccines, IPV, and
reference antigens while the bulks were lower than the labelled content.An independent preparation of the
calibration curve RA has calculated DU values close to expected. ldentification and quantification of polio,
diphtheria, pertussis, tetanus proteins in combination vaccines is possible.

Conclusions:

The label free quantitation of Reference Antigens using optimized MS methods and bioinformatics software
providesresults that are closely aligned with those from antibody based Methods: The advantage of the proteomics
approach is that unexpected or adventitious proteins in the sample are also identified and quantified without prior
knowledge of their presence. The disadvantage of the proteomics approach is the lack of proof regarding the protein
folding.

Novel Aspect:
A rapid proteomics and bioinformatics approach has been developed for polio vaccine antigen quantitation.
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Introduction: MS-based Proteomics on Natural Compounds

MS-based proteomics represents a cleaver tool to disclose unclear bioactivities of small molecules such as natural
compounds in nutraceuticals [1]. The latter are rising as significant building block in prevention or/and treatment of
numerous diseases [2].

Monacolin K (MNK), abundant in red yeast rice extract, is used to lower hematic concentration of cholesterol. Recent
scientific evidences link statins to antiproliferative and apoptotic effects in a wide panel of cancers [3].

Methods: TMT-based quantitative proteomics

A kinetic proliferation assay was performed using IncuCyte ZOOM® system to find out the IC50 of MNK to set up
proteomics experiments.

Proteomes obtained upon different treatments of MDA-MB231 cells with MNK were digested and pooled together,
after former TMT 10-plex™ labeling of the related peptide mixtures [4][5].

The obtained multiplexed pool was prepared for the UPLC-MS/MS analysis of proteomes and phosphoproteomes.
Bioinformatic analysis were carried out by MaxQuant and Perseus [6][7].

Results: Monacolin K affects proteome and phosphoproteome of MDA-MB231

MDA-MB231 cells were treated with different concentrations of MNK and growth kinetic curves unraveled an IC50=
4.02+1.23uM.

This time-course experiment was the groundwork to drug treatments for the proteomics approach: MDA-MB231
cells were treated with MNK at 5 puM or 0.5 uM and harvested after 30, 6h or 24h. Control experiments without
MNK were harvested in parallel. Then, cells were lysate and proteomes were digested. The obtained tryptic mixtures
were chemically labeled with amino-reactive tandem mass isobaric tags (TMT 10-plex™). Labeled peptides were
pooled together and the multiplexed sample was simplified upon HpH-fractionation. An aliquot of each fraction was
used to obtain the phosphoproteome upon Fe3+-NTA affinity chromatography. NanoUPLC-MS2 experiments were
carried out both for proteomes and phosphoproteomes. Raw MS data were analyzed with MaxQuant software to
identify and quantify proteins. Statistical analysis of MQ results was performed by Perseus. When MDA-MB231 are
treated with MNK 5uM, some alterations in their proteome and phosphoproteome have been found.

Conclusions:Monacolin K regulates proliferative pathways in TNBC cells
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MNK has an antiproliferative effect on MDA-MB231, as shown by growth kinetic curves. MS-based proteomics
unrevealed the potentiality of this bioactive metabolite, abundant in red yeast rice, in modulating expression and
phosphorylation of proteins involved in cellular pathways responsible for cellular proliferation. These findings
configure Monacolin K as an interesting metabolite in adjuvant therapies for the treatments of triple negative breast
cancer.

Novel Aspect:
Exploiting TMT-10plexTM, a quantitative MS-based proteomics approach was used to investigate antiproliferative
effect of the natural compound Monacolin K on MDA-MD231 cells.
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Introduction

Targeted analyses based on HRAM parallel reaction monitoring (PRM) measurements have opened new
opportunities in quantitative proteomics. Here PRM was combined with fast capillary-flow LC separation to
accelerate the execution of analyses. The setups developed turned out to be ideally suited to high throughput
monitoring of signaling pathways in the context of clinical research applications, typically encompassing thousands
of samples.

Methods

The analyses were performed on a Thermo Scientific™ Q Exactive™ HF mass spectrometer operated with several
PRM-based acquisition schemes (using instrument programming interface in some cases). Chromatographic
separation were carried out using a Thermo Scientific™ UltiMate™ 3000 RSLC system equipped for capillary flow and
a Evosep-One system (Evosep). Various gradient lengths and MS parameter settings were employed to analyze
samples of variouscomplexities.

Results

Fast LC methods have been designed with the objective to increase the analytical throughput, therefore requiring
both higher flow rate (typically 2-3 uL/min) and gradient length reduction, while maintaining acceptable duty cycle.
Different experiments have been developed for conventional PRM, dynamic retention time-PRM (dRT-PRM), and
internal standard triggered-PRM (IS-PRM)analyses of ten to a few hundred endogenous peptides. Another IS-PRM
method variant, relying on the concomitant measurement of each pair of internal standard and endogenous
peptides in a single scan, was explored to further shorten analysis time. The final methods differentiated themselves
by their unique combination of acquisition scheme, experiment scale, gradient length, and MS parameter settings.
They were applied to the analyses of samples of high complexity, e.g., digests of cell lines, optionally mixed with
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Yeast digest, and samples of moderate complexity obtained through multiplex immunoprecipitation targeting
proteins of AKT/mTORpathway.

Conclusion

A detailed comparative evaluation of the quantification performance(e.g., quantification precision, accuracy, and
sensitivity) obtained for various experimental configuration was carried out. This in-depth investigation enabled the
establishment of a reference baseline demonstrating sensitive quantification of a few dozens of peptides in 100
samples within one day under high acquisition efficiency (typically through dRT-PRM and especially IS-PRM mode).

Novel aspect

Sensitive PRM-based signaling pathway monitoring with the unique combination of analytical throughput and
experiment scale required for clinical research applications.
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Introduction:

The “ancient” wheat species einkorn, emmer and speltare claimed to have sensory and health benefits compared to
“modern” bread and durum wheats [1]. To date, it is not known if ancient wheat species contain lower contents of
a-amylase/trypsin-inhibitors (ATI), which have been associated with intestinal inflammation and symptoms typical of
non-celiac gluten sensitivity (NCGS) [2].Therefore, the aim of this study was to develop a method to quantitate ATl in
wheat.

Methods:

ATI were extracted from eight wholegrain flours of the five wheat species with salt solution. Proteins were reduced,
alkylated and digested with trypsin. Peptides were analyzed by LC-MS/MS and five ATl-typeswere quantitated by
stable isotope dilution assays (SIDA). For the validation of trueness, the results of SIDA were compared with an
independent LC-MS/MS system and data evaluation by intensity based absolute quantitation algorithm (iBAQ).

Results:

Precision (< 8 %), recovery (80 — 120 %) and limits of detection (< 5 mg/kg) showed the good performance of the
method. The accuracy of SIDA was confirmed by iBAQ, which yielded comparable results. In contrast to the other
wheat species, only three of eight einkorn cultivars contained ATI in very low concentrations (0.2 £+ 0.1 mg/g). On
average, all spelt (4.7 £ 0.5 mg/g) and emmer cultivars (5.0 £ 0.5 mg/g) had higher ATl contents than bread wheat
(3.7 £0.3 mg/g) and durum wheat (4.2 £ 0.9 mg/g). The ATI content was not correlated with the total crude protein
content (r = 0.01). Finally, differences in the distribution of ATI-types were found. The percentages of 0.19 and 0.28
ATl to CM-type ATI was balanced (52 %/48 %) in bread wheat and spelt, whereas CM-types were predominant
(25 %/75 %) in durum wheat and emmer.

Conclusions:

We developed a novel sensitive LC-MS/MS method based on SIDA for the quantitation of ATl in ancient and modern
wheat species. Applying the new method, the assumption that ancient wheats contain less ATl than modern ones
was disproven for spelt and emmer. The results indicated that different wheat species can be distinguished by the
distribution of ATI. Comparison with iBAQ showed that one internal standard was sufficient for SIDA.

Novel Aspect:
The ancient wheat species spelt and emmer contain more ATl than modern ones. Therefore it is not confirmed that
ancient wheat species might be more suitablefor NCGS patients.
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Introduction:

Diabetes, a disease altering the normal insulin production, affects 422 million of people globaly and research into its
mechanisms and treatment is a growing research areal. Current quantifications for insulin and its analogues, such as
ELISA, have flaws in terms of performance and throughput2.Liquid chromatography—mass spectrometry (LC-
MS/MS)approaches have recently been developed asalternative strategies for analysis of biomolecules, including
insulin.

Methods: Insulinimmunocapture followed by LC-MS/MS

Sample preparation includes capturing of insulin (aspart and human) using immobilized (on magnetic beads)
biotinylated antibody from insulin spiked (rat or human) plasma. Insulin is then eluted and subjected to the Glu-C
digestion prior LC-MS/MS analysisusing Waters UPLC Peptide CSH C18 combined withSciexQtrap6500+.

Results: Method validation for quantification of insulin aspart and human insulin

All investigated calibration curves were characterized by a high correlation coefficient (R2 > 0.99).

For Insulin aspart a method was developed from 1.75 to 700 ng/mL. Good selectivity of the method was confirmed
with only 2.6% relative analyte response in the blank sample. Quality control samples of 1.75, 5.25, 36.8 and 525
ng/mL were analyzed (in fivefold for each level),with high accuracy (97%, 97% 101% and 95 % respectively),
demonstrating good precisionof the method (CV=4%, 6%, 11% and 22 % respectively).

The assay for human Insulin quantification is under development and currently viable for quantification of human
insulin in BSA/PBS for 0.35 ng/mL to 15 ng/mL. For this assay we have the ultimate goal to go lower to 70pg/mL in
human plasma, which is necessary for insulin quantification assays according to the clinical guidelines. By improving
the selectivity of method by antibody and internal standard selection, and by LC-MS parameter optimization, this
goal is considered to be feasible, on which the method is currently under development.

Conclusions
With significant reduction of matrix interference by immunoaffinity sample preparation and with sensitivity
ofSciexQtrap6500+, a low level of quantification of 1.75 ng/mL and 0.35 ng/ml for insulin aspart and human insulin,
respectively, is achieved. To set the LLOQ to 0.07ng/mL the blank response has to be reduced. To achieve that,
additional test are on the way: to use another more selective antibody and to investigate other selective MS
transitions.

Novel Aspect: Outlook of the method

This research investigates the possibilities to overcome inabilities of current insulin quantification of human and
animal origin and insulin drug analogues by developing a LC-MS assay instead. At Charles River we go towards the
implementation of LC-MS proteinquantitation to set a sensitive, selective and reproducible method for the
quantification of insulin according to the clinical guidelines that is soon to become a fast, reliable and routine
analysis.
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Introduction:

Many signaling pathways are activated when proenzymes are proteolytically cleaved releasing the active enzyme
(e.g.auto-activation of Factor XlI by contact with negatively charged surfaces, starting pathways of coagulation and
inflammation). In this work, we use migration profiles [1] for differential analysis of Factor Xl contact activation by
dextran sulfate (DXS) and poly-phosphate (polyP) and downstream effects.

Methods:

Human Plasma was activated using DXS or polyP. An immunoprecipitation with anti-FXIl antibodywas performed on
the activated plasma samples and a control sample. Eluates were loaded onto a 10% SDS-page. Each of the obtained
lanes was cut into 19 bands for in gel tryptic digestion and LC-MS/MS analysis. Migration profiles were obtained by
plotting the relative intensity of the identified peptides against the corresponding empirical molecular weight.

Results:

The obtained migration profiles show a distinguished pattern for the FXII peptides in plasma activated with PolyP or
DXS and in the control. When plasma is activated by DXS, it shows a clear separation of the heavy chain from the
light chain, this separation is not observed in the case plasma was activated by polyp and in the control. In both
cases of activated plasma, the downstream proteolytic processes are activated. Compared to the control, the
activation of plasma kallikrein (PK) and release of bradykinin from high molecular weight kininogen (HK) is clearly
demonstrated. These results corroborate previous findings by Engels et al. that suggest activation of FXII by polyP to
be due to conformational changes, and not by cleavage at the activation site (R353-V354) [2].

Conclusions:

Migration profiles of all identified proteins from differentially activated plasma allowed a comprehensive study of
the activated proteolytic pathways. It's shown that the use of different activators has an impact on the mechanism
of FXII activation. These findings might provide an explanation for FXIl activation by polyP resulting in coagulation
and activation of the kallikrein-kinin system, whereas by DXS only activates the kallikrein-kinin system [3].

Novel Aspect:
The method presentedis a useful tool to understand the differential activation of FXII and can be applied on a wide
array of fields where proteolysis is an issue.
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Introduction:

Myelin, a plasma membrane specialization of glialcells, facilitatesrapidsignaling in the nervoussystem. A keytool to
approachfailing glia-axonalsupport in neurologicaldisordersis the proteomeanalysis of myelin, but membrane
proteincontent and dynamicrange pose technicalchallenges (reviewed in [1,2]). We show advances in label-free
guantification of myelinproteins and applications to a mouse model for a heritableperipheralneuropathy.

Methods:
Myelinwassolubilized with ASB-14 and subjected to FASP-baseddigestionautomated on a liquidhandling workstation
(Tecan Freedom EVO 150). Data wereacquired on a QTOF LC-MS-system (WatersSynaptG2-S) usingthreedifferent
data-independentacquisition (DIA) strategies: MSe, withoutionmobilityseparation (IMS); UDMSe, with IMS; DRE-
UDMSe, with IMS and dynamicrangeenhancement. Label-free proteinquantificationwasperformed with the IsoQuant
software.

Results:

As a proof-of-principle for robustness and accuracy of quantification, we first comparedCNSmyelin from wildtype
mice (CnpWT/WT) with myelin from mutant mice heterozygous for the CNP gene (CnpWT/null). In
threeindependentexperiments, eachcomprising 24 MSeruns (threebiologicalreplicates per condition, duplicate
digestion and injection), wedetermined the ratio of the abundance of CNPCnpWT/WT:CnpWT/nullas 1.98:1 (CV <
10%), exactlymatching the ratio of 2:1 asexpected from Cnpgene heterozygosity. In UDMSeruns, however, levels of
high-abundantmyelinproteinsincludingCNPweremisquantified due to the compression of the dynamicrangecaused
by IMS of peptides. Thisissuewasaddressed by DRE-UDMSe, a novel data acquisitionmethod in which a
deflectionlensisused to cyclebetween full and reducediontransmissionduringonescan. Allthree data
acquisitionmethodswereapplied to PNSmyelin from mice deficient for periaxin (Prxnull/null), a model for a
demyelinatingneuropathy of the Charcot-Marie-Toothtype (CMT-4F).

Conclusions:

WhileMSe and UDMSe are wellsuited for accurate quantification of highlyabundantproteins and
deepproteomecoverage, respectively, DRE-UDMSeprovides a compromise betweendynamicrange and identification
rate needed for routine quantification of myelinproteins.  Analysis of  Prxnull/null  mice
systematicallyrevealedalteredabundance of potentiallydisease-relevantPNSmyelinproteins and
thusallowsinsightsintomyelin-relatedpathology in this model.

Novel Aspect:
development and automation of a customizedFASP procedure; improvedlabel-free quantification of
myelinproteomes; routine proteomicsphenotyping of mutant mice
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Introduction

As the use of data independent acquisition (DIA) grows in proteomics research, the need for improved data
processing workflows increases. The most common data processing workflow is to use spectral ion libraries to drive
targeted extraction of peptide / fragment areas from the data, using the m/z and retention time information
contained in the library. Increasing the size and quality of the ion library has been shown to increase the proteins
reliably quantified from a dataset. Retention time (RT) correlation between ion library and the dataset is another key
factor that determines quality of data extraction. Simplifying how ion libraries are built and used during data
extraction was explored in this work.

Methods

Two algorithms were explored to simplify the data extraction workflow for SWATH® Acquisition data within the
OneOmics™ Project cloud processing pipeline, the automatic merging of related ion libraries followed by auto RT
calibration. During library merging, ProteinPilot™ Software group files are combined by selecting the largest file as
seed library, then peptides from smaller libraries are merged in using a non-linear calibration strategy. New peptides
are added to existing proteins and new proteins are added if not present in seed library. During SWATH processing,
endogenous peptides are automatically selected across time bins and the best peptide are chosen based on
precursor intensity and ID confidence. Best scoring peak groups are used for RT calibration.

Results

Previous data has shown that increasing the size of the ion libraries used provides improved protein quantitation.
Moving from ion libraries generated from 1D data dependent acquisitions to libraries generated from 2D
fractionation experiments to pan proteome libraries provides a >100% gain in peptides quantified (~¥60% gain in
proteins) to >300% peptide quantified over 1D libraries (>100% gain in protein). Therefore the ability to easily
combine and align ion libraries for greater depth of sample interrogation would provide a significant workflow
benefit.

To evaluate the quality of the retention time alignment during SWATH processing using the new AutoRT calibration
function, it was compared to using the typical RT calibration process using a set of spiked standards peptides. In
33/48 tests, AutoRT approach found similar or more proteins quantified than the standard approach and similar
linear fit equations, indicating the new, easier to implement process was as good or better than the currently used
standard peptide workflow.

The quality of library merging on SWATH results was explored with a series of small datasets using non-linear
retention time alignment. By merging libraries from replicates of a 1D dataset, a 20% gain in peptides was observed.
The gain in peptides identified and quantified by SWATH is primarily attributed to an increase in peptide coverage
rather than improved ion selection.
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Full pipeline was then used on some biological datasets (PBMC and Mouse cell lines) to measure performance,
where a series of libraries were available to merge. Results will be discussed.

Conclusions
Non-linear retention time alignment was shown to be effective for merging of libraries with identical or differing

gradient lengths resulting in better results.

Novel Aspect:
Simplifying DIA data processing in the cloud by pipelining ease of use algorithms
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Introduction:

Alzheimer's Disease (AD) is a neurodegenerative disorder characterized by memory loss and cognitive decline. (1)The
current AD treatment methods are aim to prevent cognitive loss. There is no treatment to slow down progression of
the disease or stop it.(2)In this study, the effects of new natural compounds on cognitive impairment will be
examined and localization of the compounds will be demonstrated by mass-spectrometry based approach.

Methods:

The natural compounds were administered at 2 different doses to 12 months old transgenic mice(5XFAD) for 7 days
i.p. (n = 8). Non-transgenic littermates (LM) were used as the control group. Morris Water Maze test was performed
to measure cognitive impairment. The MALDI-IMS technique was applied to demonstrate whether the natural
compounds pass the blood brain barrier and determine the localization of the compound in the brain regions.

Results and Conclusion:

Cognitive changes related to learning and memory were measured by Morris Water Maze test after injection of low
and high doses of 6 different compounds. When compared to control groups, it was observed that 2 of the 6
compounds positively affected both the learning process and memory. It was demonstrated that the compounds
were localized in certain brain regions after they have passed the blood brain barrier by utilizing MALDI-IMS.

Novel Aspect:

This is the first study to show the regional localization of the novel native compounds administered on the 5XFAD
mouse model.
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Introduction:

Invasiveaspergillosis caused by the fungus Aspergillus fumigatus is a life-threatening infection in
immunocompromised hosts. Neutrophils are indispensable in eliminating the fungal pathogen by various strategies,
i.a. phagocytosisand neutrophil extracellular traps (NETs) [1, 2]. To discover how fungalhyphae activatepathogen-
specific responses of neutrophils and to explore fungal counter-defense mechanisms we conducted a quantitative
dual proteome study.

Methods:

Neutrophils forming NETs againstA. fumigatuswere compared with chemically induced NETs.Hyphae trapped by
NETs were compared against those controls grown under equal conditions devoid of neutrophils. LC-MS/MS-based
bottom-up proteomics was used to quantify proteins based on the MS2 reporter ion intensities of multiplexed
unique peptides labeled with tandem mass tags (TMT). Protein-protein interactions (PPls) were studied using a
network modeling approach.

Results:

We were able to quantify 454 differentially abundant proteins of 843 proteins in total on the fungal side and 335
differentially abundant proteins of 1906 proteins in total on the host side. Neutrophils induce fungal proteins
involved in the cell wall stress response, toxic secondary metabolite production, and the unfolded protein response.
A. fumigatus modulates the trace metal ion utilization. Neutrophils and NETs also strongly repress the fungal protein
biosynthetic machinery. Analysis of the neutrophil response upon fungal confrontation revealed an altered
stoichiometry of alternative and core histones and a modulation of the nuclear envelope. Neutrophils also induce
antimicrobial proteins and a repression of proteins involved in calcium-dependent membrane scaffolding.
Furthermore, the neutrophil-fungal interaction caused an impairment of the energy metabolism on both sides. PPI
network modeling revealed the induction of an autophagy pathway in A. fumigatus and a regulatory role of CDK1
during NETosis.

Conclusions:

We investigated the responses of human neutrophils to A. fumigatus hyphae using a simultaneous dual proteome
analysis. The challenging approach provided us with an ample dataset of differentially abundant proteins on both
sides. We generated a model of interaction that allowed us to reveal protein interaction partners and regulatory
circuits governing the counter response of A. fumigatus and the mechanism of hyphal induced NETosis.

Novel Aspect:
Our study revealed the fungistatic effects of NETs and the host-pathogen interplay on the molecular level.
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Introduction:

Ischemic stroke is classified into large artery atherosclerosis (LAA), cardioembolism and small vessle occlusion.In this
study, LAA that is the most common cause of stroke is analyzed compared to healthy subjects.Patients with LAA
stroke is approximately 85%. To increase efficacy of diagnosis and recovery, our aim is to discover biomarker of LAA
using individual serum of patients.

Methods:

We conducted proteomics analysis of serum protein in patients withLAA stroke. 52 patients and 43 healthy subjects
are used to identify global proteins and to compare level of serum proteins. Individual samples was analyzed using
Sciex 5600 TripleTOF. Identification and quantification of proteins were conducted by information dependent
acquisition (IDA)mode and SWATH-MS acquisition.

Results:

As a result, differentially expressed proteins by more than 2 fold were 149. Differentially expressed proteins by more
than 2-fold was related with GO processes such as regulated exocytosis, exocytosis, secretion by cell, immnune
response and regulation of response to stress. And, alternative complement pathway were top scored. Among
differentially expressed proteins that is related with althernative complement pathway vitronectin, complement
factor B, complement component C7, and complement component C5 had the most statistically significance.
Vitronectin, complement factor B and complement component C7 were upregulated and complement component
C5 was downregulated in patients with LAA stroke.

Conclusions:

A proteomics approach discovered associations of LAA stroke with several immune responses compared to healthy
subjects.This study highlights four alternative complement pathway-related proteins including vitronectin,
complement factor B, complement component C7, and complement component C5. These four proteins contribute
to immune responds and B cell and T cell activation and can be potential biomarker to understand LAA stroke.

Novel Aspect:
The proteomicsanalysisof serum of patients with LAA stroke showed alternative 4 immune--related proteins can help
to distinguish subtype of stroke from healthy subjects.
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Introduction:

Human follicular fluid (hFF) is a potential source of biomarkers of the oocyte quality, which could be assayed in a
non-invasive manner prior to oocyte fertilization. In our previous study [1], we investigated the proteome and
peptidome of hFF by SWATH-MS methodology [2]. Here, we combine and compare that methodology with MED-
FASP procedure and quantitative MS measurements by TPA [3] to develop an efficient quantification method of hFF
proteins.

Methods:

Sample of pooled hFFs from patients undergoing the IVF procedure was acquired from the INVICTA Fertility Clinic in
Gdansk. Samples after prior ultrafiltration (>10 kDa fraction) or without preliminary treatment were digested by two
distinct protocols: i) in-solution trypsin digestion [1]; ii) FASP or MED-FASP [3]. Afterwards, samples were analyzed by
two distinct MS methods: i) SWATH-MS [2]; TPA [3].

Results:

We have developed a methodology for hFF proteome and peptidome identification and SWATH-MS quantification
strategy. To increase the size of the spectral library used for quantification, we applied extensive multistep
fractionation consisting of ultrafiltration, optional immunodepletion, and high pH RP-HPLC. We managed to identify
400 proteins with high confidence: 302 in High Molecular Weight Fraction (HMWF, >10 kDa), and 161 proteins in
peptidomic Low Molecular Weight Fraction (LMWF, <10 kDa). In order to improve our method, we intend to conduct
comparative experiments of two sample preparation procedures: previously used in-solution digestion and FASP or
MED-FASP. Our preliminary results suggest that both protocols allow for high confidence discovery of slightly
different sets of proteins. Moreover, ultrafiltration prior digestion improved the outcomes. We plan to carry out
more experiments to further test both protocols along with two quantification methods: SWATH-MS and TPA.

Conclusions:
Our methodology enables a relatively simple quantitative measurement of a high number of proteins in one run. A
time and cost efficient fractionation method, such as ultrafiltration significantly improves the qualitative and
guantitative analyses of hFF, at the same time allowing for investigations of scarcely studied peptidomic fraction
(LMWF). MED-FASP is a promising sample preparation strategy with a high potential of application in hFF
proteomics.

Novel Aspect:
This is a first work employing MED-FASP and TPA strategy for hFF proteome identification and quantification, as well
as their combination with SWATH-MS.
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Introduction:

Biological toxins are relevant in the security, health and food sectors. Development of new analytical methods for
rapid and unambiguous identification of low toxin concentrations in various complex matrices is essential. We
reported previously a method based on LC-ESI-MS/MS for abrin quantification in food and environmental matrices
[1]. Here, immuno-MALDI-TOFMS was evaluated for rapid and chromatography-freequantification of abrin.

Methods:

Magnetic beads coated with abrin-specific antibodies were mixed with 500 pL of food samples spiked with the toxin.
After harsh washing conditionswith PBS-tween, analytes were eluted from beads by incubation with 0.1% TFA. Abrin
was heated for 15 min at 95 °C in RapiGest SF 0.05% for denaturation and digested with trypsin in a bath-type
sonicator. Peptides were co-crystallized with CHCA matrix on a disposable plate for MALDI-TOF analysisusing a
Bruker UltrafleXtreme.

Results:

Up to 29 peptides of abrin isoforms were detected by MALDI-TOF MSin a pure standard and the 4 most intense,
different to the best ESI peptides, were selected. Isotope-labeled peptides were added for quantification.Immuno-
capture conditions wereimproved for MALDI-TOF MS, including additional washes of antibody-coated beads. On-
beads digestion resulted in high interfering signalsfrom antibody peptides, and abrin was therefore eluted before
digestion. Trypsin amount was reduced 10 times and digestion time increased to 1 hour in the bath-type sonicator.
Using the new protocol, interfering peaks and ionization suppression in apple juice and milk samples weredecreased
significantly, resulting in spectra with predominant abrin peptide signalsat 250 ng/ml. At this concentration, about
twenty peptides of abrin isoforms were detected in the two food matrices. On-going parallel evaluation with LC-ESI-
MS/MS showssensitivity in the same range with limit of quantification in milkat 10 and 40ng/ml for LC-ESI-MS/MS
and MALDI-TOF, respectively.

Conclusions

Bottom-up proteomics and immuno-MALDI-TOF MS allowed quantification of abrin and its isoforms in complex
matrices, without time consuming peptide chromatographyorextractionresulting in simple and fast (< 5 min) MS
analysis. The method was foundspecific, reliable, and sensitive in milk.Further optimizations are on-going to reach
equal or better limit of quantification than LC-ESI-MS/MS and to reduce the total analysis time by automatization of
the workflow.

Novel Aspect:
Evaluation of MALDI-TOF andLC-ESI-MS/MS forrapid and sensitivequantification of abrin in complex matrices.
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Introduction:

Mycobacterium tuberculosis (MT) is the causative agent of tuberculosis. The development of more effective and
shorter MT treatments requires the killing of both MT growing and non-growing bacilli.

Today, mass spectrometry based proteomics can address challenges that cannot be approached by genomic
analysis.The study of the effect of a drug and the molecular mechanisms contributing to disease pathogenesis can be
performed using quantitative proteomics.

Methods:

A target fishing proteomic approach for the in vitro study of the effect of a new drug, TP053, on MT was performed.
The target fishing experiment, which is based on click chemistry, was used to understand if an active metabolite was
able to bind a possible target in MT. Moreover, in order to explore the possible pathways affected by the new drug,
MT cell lines were treated with TP053 and a shotgun proteomic approach was used to identify modulated proteins.

Results:

The TP53 treatment negatively affected the redox reactions, intermediary metabolism and DNA. There is a down
regulation of proteins linked to growth processes and generation of metabolites but also a down regulation of
carbon and lipid metabolism and ATP generation proteins. All this data are in agreement with the inhibition of
aerobic respiration which is a well known NO target.

There is also a modulation of enzymes involved in lipid metabolism and an over expression of many ribosomal
proteins, most of them belonging to the 30s ribosome unit.

Using the target fishing approach we were able to identify a direct interaction of TP053 with 30S ribosomal protein
S13.

Conclusions:

By a shotgun proteomic approach and a target fishing experiment, it has been demonstrated that the activated
TP0O53 is responsible for a global perturbation in the mycobacterial cells through the release of nitric oxide, as well as
by a direct interaction with 30S ribosomal protein S13.

Novel Aspect:

A target fishing experiment coupled to shotgun proteomic approach allowed to study the effect of a new drug and
the interaction drug-proteins.
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Introduction:

The synthesis of isotopically labelled compounds from enriched stable isotopes is an expensive and difficult task.
Both chemical and biochemical methods have been proposed to produce labelled molecules, but few cost-effective
methods have been described [1]. Previously reported biochemical methods to prepare labelled amino acids have
only considered their use as hydrolyzed proteins to grow cell cultures or in proteomics[2].

Methods:

The aim of this study was to use the microalgae Chlamydomonasreinhardtii to produce, at laboratory scale, 15N-
labelled amino acids with a high isotopic enrichment. To do that, a culture medium containing 15NH4Cl was used.
The labelled proteins biosynthesized by the microorganism were extracted from the biomass. Then, the 15N-labelled
amino acids were obtained after a protein hydrolysis with HCI and their isotopic enrichment was measured by GC—
MS [3].

Results:

No differences in cell growth were observed when they were feedingwith natural abundance N or 15N,
demonstratingan absence of isotopic effects.On the other hand, the use of the strain CC503 cw92 mt+ and15NH4Clin
the culture medium reduces the incorporationof natural abundance nitrogen, as this strain is not able to incorporate
nitrates orother nitrogen containing compounds. Moreover, this wall deficientmutant facilitated the extraction of
proteins, leading tohigher extraction yields (32.5+4.0%) than those obtained for a wildtype strain 137c (12.7+3.8%).
The average isotopic enrichmentobtained for the 16 detected proteinogenic amino acidswas 99.56+0.05%
demonstrating the lack ofnatural abundance nitrogen incorporation through thewhole procedure. The amino acid
content ranged from18-90 pug/mL, depending on theoccurrence of the aminoacids present in the
proteins.Aderivatization procedure based onthe use of MTBSTFA was optimized to convert theamino acids into
volatile compounds.

Conclusions:

Sixteen 15N-labelled amino acidswere obtainedwith an extremely high enrichment from the
strainChlamydomonasreinhardtii CC503.As the effective incorporation of 15N has been proved,other labelled bio-
molecules should be present in thecells, and this biomass could be employed to isolate15N-labelled nucleic acids and
other metabolites in futureexperiments. Additionally, multiple labelling could beperformed if 13C were supplied to
the culture media.

Novel Aspect:
An innovative, simple, and fast method to produce isotopically labelled amino acids, which could be used for
futurequantitative proteomics studies, is presented.

References

1. Lehmann W.D., Mass Spectrometry Reviews, 36, 58-85 (2017).
2. Arsova B. et al., Trends in Plant Science 17(2), 102-112 (2012).

99



599 - CHARACTERIZATION OF LACTIC-ACID-FERMENTED SPIRULINA (ARTHROSPIRA SPP.) PROTEIN EXTRACTS USING
HIGH RESOLUTION ORBITRAP MASS SPECTROMETRY

Jasmina Masten (1) - Berta Cillero-Pastor (2) - Ronny Mohren (3) - Nives Ogrinc (1) - Polona Jamnik (4)

lozef Stefan Institute, Jozef Stefan International Postgraduate School/Department of Environmental Sciences,
Ljubljana (1) - Maastricht university, The Maastricht MultiModal Molecular Imaging Institute (M4l), Maastricht (2) -
Maastricht university, The Maastricht MultiModal Imaging Institute (M4l), Maastricht (3) - Biotechnical Faculty,
University of Ljubljana/Department of Food Science and Technology, Ljubljana (4)

Keywords: Spirulina, phycobiliprotein, microbial fermentation, Lactobacillus plantarum,Orbitrap

Introduction:

Arthrospira is a cyanobacteria with a high nutritional and therapeutic potential. It is a source of essential and non-
essential nutrients and bioactive compounds with antiinflammatory and antioxidant activity[1]. Large proportion of
Arthrospira dry weight comprises phycobiliproteins of high bioactive value[2, 3]. Microbial fermentation can
contribute to products nutritional and bioactive efficiency due to new metabolite production and transformation[4].

Methods:

Arthrospirasamples were fermented with L. plantarum culture, protein extraction of fermented and non-fermented
samples followed. Yeast culturewas treated with protein concentrates and later extracted. Protein content
andpathway alterations were analyzed by Bradford assay and HF Orbitrap. Liquid chromatography tandem mass
spectrometrywas usedto determine protein changes and Proteome Discovererfor protein identification against the
UniProt database.

Results:

Exposure of yeast cells to fermented or non-fermented protein extracts affected yeast cell protein content. A higher
protein concentration was determined in yeast cells treated with fermented and non-fermented Arthrospira extracts
compared to control. Furthermore, label free high mass resolution proteomics enabled us to determine protein
changes during microbial fermentation in Arthrospira water-phase protein extracts.

Conclusions

Arthrospira microbial fermentation using Lactobacillus plantarum culture offers great possibilities for protein
efficiency and uptake improvement. During lactic acid fermentation proteins are modulated with enhanced
digestibility and bioavailability andadding bioactive properties to the food component. This method enables us
todevelopa food product with an upgraded functional value.

Novel Aspect:
Further analysis of lactic acid fermentation of Arthrospira is needed to specify its effects on products nutritional and
bioactive properties.
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Introduction:

The cancer secretome comprises numerous proteins that promote tumorigenic processes [1]. A substantial number
of proteins lack signal peptides and are released via unconventional mechanisms[2].Herein weanalyzed the
contribution ofautophagy-related (ATG) basedunconventional protein secretionto themicroenvironment of epithelial
ovarian cancer cells.

Methods:

Epithelial ovarian cancer cells (OV-90, ATCC) were transfected with siRNA targeting human ATG7or control siRNA. A
label free quantitative approach was applied to analyse secreted proteins of ATG7 deficient cells and ATG7 intact
(control) cells. Conditioned media was collected over 24 hours. Samples were digested using FASP[3] and analysed
bynanoLC-MS/MS (Orbitrap MS). Raw data processing was performed withMaxQuant.

Results:

ATG7 siRNA transfection efficiently reduced ATG7 protein levels. The secretome was highly enriched with
extracellular localized proteins. Approximately one-third of these proteins contained a signal peptide as predicted by
SecretomeP. Multivariate analysis of the data further demonstratedchanges of the secretory protein profile upon
siRNA mediated ATG7 knockdown. A subset of proteins emerged that were not quantified in the conditioned media
of ATG7 deficient cells, including proteinsinvolved in cell-cell adhesion.

Conclusions:

Besides the well-known function of ATG7 in the elongation reaction and the formation of the autophagosome[4], the
presentproteomic approach shows the contribution of ATG7 protein to the extracellular release of a subset of
proteins in epithelial ovarian cancer cells.

Novel Aspect:

Novel insights into the complexity of theepithelial ovarian cancer cell microenvironment.
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Introduction:

Absolute quantification of proteins relies on externally quantified peptide standards which are spiked in the sample
[1]. For the quantification of large numbers of proteins, the QConCat strategy [2]efficiently provides multiple internal
standard peptides concatenated in one proteolytically cleavable artificial fusion protein. We applied this strategy for
absolute quantification ofthe currently known lysosomal proteome using targeted mass spectrometry.

Methods:

12 QConCatswere expressed in E. Coli using stable isotope labeled amino acids and purified via aHis tag at their C-
Terminus. Tryptic digestion wasperformed byin gel digestion,in solution digestion in the presence of 1 M GCL or
RapiGest as well as by the FASP [3] and SP3 [4] strategies.The generated peptides were desalted and analyzed using
LC-MSMS. Data analysis was performed by Mascot and scheduled MRM transitions were established using Skyline
[5].

Results:

Based on in house and published large scale proteomics studies, we selected 422 unique tryptic peptides of
lysosomal proteins acting as representatives. We were able to cover 143 lysosomal proteins representing 94 % of the
known lysosomal proteome [6]. The selected peptides were used to design1l2 QConCatswhich were reverse
translated and generated by gene synthesis. Afterexpression in E.Coli and His tag purification of the QConCats, we
optimizedtryptic digestion.We tested in gel digestion, in solution digestion using RapiGestor 1M GCl as well as the
FASP and SP3 approaches. RapiGest gave us the lowest number of missed cleavage sites and was therefore used for
sample processing. A mixture of all QConCat peptides was analyzed by LC-MSMS using an OrbitrapVelos and QTrap
5500/6500 mass spectrometers. For 417 of the 422 peptides we defined MRM transitions and are currently in the
process of assigning specific retention times. In an initial study, we absolutely quantified 48 lysosomal proteins from
mouse embryonic fibroblast using the first 4 QConCats.

Conclusion:

We successfully designed, expressed and purified 12 QConCatsproviding internal standard peptides for absolute
quantification of the majority of currently known lysosomal proteins. We optimized purification and proteolytic
digestion of the QConCats.Assay development for targeted quantification by MRM is almost finalized. Our assay will
allow for the first time to perform absolute quantification of the known proteins of a whole organelle.

Novel Aspect:

The approach allows for the first time the absolute quantification for almost all proteins of anorganelle, the
lysosome.
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Introduction:

Micro-flow chromatography provides a similar workflow sensitivity compared to nano-flow separations but greatly
increased robustness enabling high throughput proteomics for 100’s of samples. In combination with data-
independent acquisition methods (DIA) such as SWATH® acquisition, 1,000s of proteins can be quantified with high
data completeness and high quantitative precision. Here, we show the potential of the workflow for 105 cancer
samples.

Methods:

FFPE colon tissue samples (10 healthy, 95 cancer) were obtainedfrom a public repository. Proteins were extracted as
described previously [1].Tryptic digests werespiked with iRT peptides (Biognosys) and separated on a NanolLC 425
system (SCIEX) by a 43min gradient at a flow rate of 5ul/min coupled to a TripleTOF® 6600 system (SCIEX) operated
in SWATH mode. Run time per sample was 1h. Data were analyzed in Spectronaut Pulsar (Biognosys) with a project
specific library.

Results:

The sample preparation resulted in average in >100ug peptides per 10um slice, which is plenty for the micro-flow
SWATH® acquisition workflow. The whole dataset (105 samples) was acquired in only 4.5 days. Data analysis in
Spectronaut Pulsar took one additional day demonstrating the large potential of the workflow for even more
samples. In total,about4,500 protein groups were quantified at 1% peptide and protein FDR (3,600 in average per
run) providing a sufficient depth for biological interpretation of the data. Data analysis revealed that a larger number
of proteins were expressed in the cancer cohort. Unsupervised clustering of the data separated the healthy and the
cancer cohort. Interestingly two samples of the healthy cohort clustered together with the cancer cohort. Within the
cancer cohort, three major groups were identified, potentially different cancer subtypes. The data will be further
biologically interpreted using ingenuity pathway analysis (IPA).

Conclusions:

This study demonstrates, how high throughput proteomics can be used to analyze large sample sets from tissue
biobanks. Application of the micro-flow SWATH® acquisition workflow combined with Spectronaut Pulsar data
analysis generates data from these large resources in a timely fashion and therefore pave the way to a better
understanding of health and disease.

Novel Aspect:
Micro-flow/SWATH® acquisition and Spectronaut Pulsar analysis enables efficient and comprehensive analysis of

large sample cohorts (>100 samples).
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Introduction:
Avian pathogenic E. coli (APEC) gives rise to colibacillosis which result in economic losses in the production system
and reduced animal welfare. At the same time, an extensive use of antibiotics to combat infections promotes
selection of resistant bacteria. We investigated the proteome of an E. coli ST117 strain during infection of the mucus
layer of oviductto suggest potential genes (essential and redundant) as targets in development of antibiotics or
helper drugs.

Methods:

A combination of reducing agent and a number of enzymes was used to purified and enriched bacteria from mucus
in quantities enough for LC-MS based quantitative proteome analysis. Peptides from infecting bacteria and the host
(in the same sample) were labelled with TMT isobaric tags and mixed with peptides derived from proteins of ST117,
grown in culture media (log and stationary phase), labelled with complementary TMT tags.

Results:

By combining reducing agent and selected enzymes we successfully purified and enriched bacteria from mucus of
infected hens. We identified over 2000 bacterial proteins and were able to quantifyapprox. 1500 of them across all
the samples. This relatively high number of positive hitswas greatly facilitated by spiking TMT labelled peptides
derived from proteins extracted from ST117 grown in culture media into these obtained from infection experiments.
The abundant spiked in TMT labelled peptides served as factor to isolate E. coli derived peptides for fragmentation in
the LC-MSMS analysis, as otherwise peptides from co-isolated proteins of the host highly suppressed the signal of
peptides originating from isolated bacterial proteins.

Conclusions

The approach presented here is suitable for detection and quantification of relatively high number of proteins of
bacteria isolated from infected oviduct of hens, where proteins of the latter highly dominate the sample. Apparently,
this approach could be adopted to investigate pathogen/host interactions, or proteomes of mixed population of
different organisms.

Novel Aspect:

Improved method for isolation of mucus infecting bacteria. Combination of TMT labelled peptide populations
derived from pure cell culture and isolates from infected hosts.
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Introduction:

Traceability of protein and peptide quantifications to the International System of units is still a challenge in analytical
chemistry. Due to the lack of certified reference materials peptide purity assessment must be carried out through
amino acid analysis. This procedure is based on the addition of isotopically labelled aminoacids before the
application of a time-consuming acid hydrolysis.

Methods:

The only commercially available peptide certified reference materials SRM 998 (Angiotensin | from NIST) and CRM
6901-a (C-peptide from NMIJ) were used for validation purposes.The hydrolysis time was optimized for both
materials applying either classical thermal heating or focused microwaves during hydrolysis. Labelled amino acids
were spiked to the samples prior hydrolysiswith HCl 6N and the peptides were quantified by Isotope Dilution Mass
Spectrometry.

Results:

The quantification of the peptides was performed by GC-MSMS employing 5 different isotopically labelled amino
acids (Valine, Isoleucine, Leucine, Proline and Phenylalanine), which were previously characterized in terms of
concentration by reverse isotope dilution using natural abundance certified analogues. The isotopic enrichment of
the labelled amino acids was determined as reported elsewhere [1].The hydrolysis time required to achieve a
complete hydrolysis was optimized for SRM 998 and CRM 6901-a when applying thermal heating at 1302C or focused
microwaves. Finally, the purity of four isotopically labelled proteotypic peptides of two protein glaucoma biomarkers
was assessed applying the optimized conditions. A final validation of the methodology was carried out by quantifying
both proteinsin human serum samples by isotope dilution and LC-MSMS.An accurate assessment of the peptide
purity can be demonstrated if no statistical differences are obtained in the protein concentrations obtained by each
labelled peptide.

Conclusions:

The application of focused microwaves significantly reduces the time required to achieve a complete hydrolysis of
peptide standards.Besides the hydrolysis of peptide certified reference materials, the determination of proteins in
real samplesby LC-MSMS through proteotypic peptides allow an additional validation of peptide purity assessment
within the optimized hydrolysis method.

Novel Aspect:
Focused microwaves to decrease peptide hydrolysis time.Validation withreference materialsand tryptic peptides
applied for absolute quantification of proteins.
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Introduction

Krabbe disease (KD) is an autosomal-recessive sphingolipidosis caused by a deficiency of galactosylceramide beta-
galactosidase, and is characterized by an accumulation of psychosine in the nervous system.In this study, we applied
aquantitative microproteomic workflow for the characterization of the central and peripheral nervous system of the
Twitcher mouse (a mouse model for KD). The analyses focused on the corpus callosum, motor cortex and sciatic
nerves.

Methods

The brains and sciatic nerves of 5Twitcher and 5littermate wild type mice were extracted and snap
frozen.Cryosectioning and laser capture microdissectionwas then used to isolate small 1mm2 regions of interest
from each mouse brain. The workflow combined SP3 digestion, TMT labeling and high-pH fractionation followed by
LC-MS/MS analysis using a nanoLC-Orbitrap Fusion system.Data analysis was performedusingProteome Discoverer
2.1, Perseus and WebGestalt.

Results

We performed three TMT-10plex experiments to separately compare the proteomes of the sciatic nerve, corpus
callosum and motor cortex of 5 TWI and 5 WT mice. Overall, more than 3000 protein groups were quantified in each
of the three datasets. Principal component analysis was performed on the protein expression levels and the TWI and
WT mice fell into two distinct clusters, well separated by PC1 in all datasets. A two-sided t-test (FDR=0.01) was
performed to compare the expression values of specific proteins. We found 75, 14 and 386 protein groups
differently regulated between TWI and WT mice in the corpus callosum, motor cortex and sciatic nerves datasets,
respectively.Gene ontology analysis revealed several pathways upregulated in the TWI mice related to inflammatory
response (i.e. antigen processing and presentation, and complement pathway) and to phagocytosis and lysosomes.

Conclusions

The comparison between TWI and WT mice proteomes highlighted many proteins with distinct expression profiles.
Most of the enriched biological processesin the TWI mice were related to immune response, accumulation of
lysosomal proteinsand reduced nervous system development. These initial results will be further investigated and
validated in order to gain new insights into the molecular mechanisms of KD.

Novel Aspect
This work is the first reported mass spectrometry-based in-depth proteomic characterization of the Twitcher mouse
proteome to study Krabbe disease.
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Introduction:

Proteomic analyses are often limited by the overwhelming proportion of confounding background ions that
compromise the identification and quantification of low abundance peptides.Gas phase ion fractionation using high
field asymmetric waveform ion mobility (FAIMS) can reduce sample complexity[1], and improve quantitative
proteomic measurements[2].Here we report a new FAIMS interface that further expand the sensitivity and depth of
proteomic analyses.

Methods:

LC-MS/MS experiments were performed with and without FAIMS on an Orbitrap Fusion mass spectrometer. We
used cylindrical FAIMS electrodes (1.5 mm gap) with both electrodes set to 100°C, pure nitrogen as carrier gas and a
dispersion voltage (DV) of -5000V. LC-FAIMS-MS/MSexperiments were conducted by stepping through2-4
differentCVs in a single run. Cell extracts were reduced, alkylated and digested with trypsin. TMT at 1:2 label excess
was done in HEPES buffer, pH 8.3.

Results:

To evaluate the advantages of FAIMS, we first compared the number of identification obtained for triplicate
injections of a 500 ng HEK293 digest analyzed by LC-MS/MS with and without FAIMS. These analyses revealed that
FAIMS provided a 30% enhancement in identification with 39791 peptides (2876 protein groups) compared to 31397
peptides (2414 protein groups) without FAIMS.We next used isobaric peptide labeling with TMT to profile the
dynamic changes in protein abundance for HEK293 cells exposed to heat shock. A different TMT label was used for
each 1h interval for a treatment period up to 9h. Samples were analyzed using both synchronous precursor
selection(SPS-MS3)[3] and LC-FAIMS-MS/MS. SPS-MS3 enabled the quantification of 12400 peptides corresponding
to 1229 proteins, of which 375 proteins showed dynamic changes in abundance. FAIMS further enhanced the
comprehensiveness of quantitative proteomics by more than 2-fold with 30848 peptides assigned to 2646 proteins,
of which 902 proteins showed dynamic changes in abundance.

Conclusions

A new FAIMS interface was coupled to the latest generation of Orbitrap instruments and enabled unparalleled
sensitivity in proteomics analyses where multiple CVs can be combined in a single LC-MS/MS run. The enhancement
in ion transmission and duty cycle of the extended the depth of proteomic analyses by at least 30% and expand the
comprehensiveness of multiplex quantitative proteomics using isobaric peptide labeling by at least 2-fold compared
to SPS-MS3 analyses.

Novel Aspect:
Novel FAIMS interface combined with an Orbitraptribrid MS improves the sensitivity of proteome analyses and the

comprehensiveness of quantitative proteomic measurements.
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Introduction

Traditionally, metabolic pathways are quantitatively characterized by correlating gene expression profiles to protein
abundances. However, owing to poor congruence between them, an alternative approach was needed to resolve
this issue.

In C. elegans, metabolic tranistions are crucial for development and survival. They are tightly regulated by tweaking
dynamically the components of the pathways, but very less is known on how absolute protein amounts can
contribute to this regulation.

Methods:

53 Metabolic enzymes from central carbon metabolism of C. eleganswere quantified by MS Western method [1].
Unique quantitypic peptides were selected from sequences of metabolic enzymes and from reference protein BSA
and expressed as a single chimera in ALysAArg double auxotroph E.colistrain supplemented with isotopically labelled
arginine and lysine. The isotopically labelled chimera, full length BSA &whole worm extractswere co- digested and
analyzed by LC-MS. The abundances of tryptic peptides from the labelled chimeric protein and the unlabelled target
protein were compared and absolute molar quantities of target proteins were calculated.

Results:

53 metabolic enzymes spanning glycolysis, gluconeogenesis, TCA and glyoxylate shunt were accurately quantified
infmole/worm using a single isotopically labeled 300 kDa chimera protein standard comprising, in total 200
guantitypic peptides.Molar concentrations of endogenous enzymes determined with CV <10% allowed to determine
stoichiometric ratios between subunits of multiprotein complexes and between individual members of metabolic
pathways. To the best of our knowledge, for the first time this work provided a quantitative overview of the
molecular organization of 4 metabolic pathways at the protein level. Although the abundance of enzymes is
independently regulated, their molar abundances were ranging from0.03 fmole/worm to 4 fmole/worm andwithin
each pathway, differed less than 4-fold. High accuracy of the protein quantification allowed to confidently determine
concentration difference of2-fold, typically disregarded by label free quantification. By comparing molar abundances
of metabolic enzymes in several mutants, this work provided molecular insight into the metabolic regulation at
different stages of C.elegans development, including the dormant dauer stage.

Conclusions:
Absolute quantities of 53 metabolic enzymes provided crucial evidences of tight regulation of metabolic pathways.
The changes in the specific gluconeogenic enzymes primed towards the conclusion that dormant worm uses

gluconeogenesis as their survival strategy by exploiting all possible metabolic bypasses [2].

Novel Aspect:
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Comprehensive absolute quantitation of 53 metabolic enzymes spanning 4 major pathways in one experiment with a
CV<10%

Detailed study of isoform specificity in pathway regulation.
Easy estimation of subunit stoichiometry of enzyme complexes.
Unique repository for system biologists for pathway studies.
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Introduction:

Proteomic analyses using mass spectrometry often rely on suitable chromatography separation of complex peptide
mixtures. In some cases, multidimensional chromatography application is even needed for a deeper insight of
proteome. A combination of basic reversed phase chromatography fractionation with subsequent acidic reversed
phase chromatography coupled to ESI-MS/MS analysis may be applied.

Methods:

Manual gradient chromatography device was used for fractionation of complex peptide mixture. Mobile phases
were composed of acetonitrile in 20 mM ammonium formate at pH 10. Microcolumn (250 um i.d., 50 mm length)
contained core-shell particles (Kinetex EVO C18, 2.6 um) and sample was fractionated either into 17 or 33 fractions
that were further dried and analyzed using nanoLC-MS/MS (Q-Exactive).

Results:

The nanolLC-MS/MS analysis of a complex peptide mixture without fractionation enabled identification of 1975
protein groups. The fractionation of this sample using manual chromatography device in basic reversed phase
chromatography revealed identification of up to 6197 protein groups. Not only the number of identified proteins
was increased, but also the number of identified peptide sequences was increased about 4 times.

Conclusions

The manual chromatography device fractionates low amounts of peptides (tens of micrograms) into several fractions
that provide a much deeper inside into the analyzed proteome after the nanoLC-MS/MS analysis. The device is
advantageous for its simplicity of application, speed of fractionation (about 45 min per samples) and its low cost.

Novel Aspect:
Manual chromatography device for peptide sample fractionation prior to nanoLC-MS/MS analysis.

111



868 - A CHEMICAL PROBE FOR UNDERSTANDING HOW PROTEOME FOLDEDNESS CHANGES UNDER PROTEOSTASIS
STRESS

Gavin Reid (1) - Dezerae Cox (2) - Yuning Hong (3) - Danny Hatters (2)

University of Melbourne, School of Chemistry, Department of Biochemistry and Molecular Biology, Parkville (1) -
University of Melbourne, Department of Biochemistry and Molecular Biology, Parkville (2) - La Trobe University,
Department of Chemistry and Physics, Bundoora (3)

Keywords: proteostasis, protein folding, chemical proteomics

Introduction:

The components of the cellular quality control network responsible for maintaining proteostasis, some of which
function to protect the folded state of proteins,are now well understood. However, it is still unknown which proteins
in the proteome are most vulnerable to unfolding, misfolding, or aggregation, in response todiverse proteostasis
stresses.

Methods:

Here, we demonstrate the application of a thiol-specificprobe,tetraphenylethene maleimide (TPE-MI), coupled
withstable isotope labelling and MS-based quantitative proteomic analysis,for measuring changes in the reactivityof
free cysteine residues that are normally buried in the core of globular proteins but become exposed upon unfolding
due to proteostasis stress1.

Results: (Limit 900 characters without spaces)

We have demonstratedthe potential of this method to (i) probe the kinetics of single-protein folding/unfolding for
endogenous proteins on a proteome-wide scale, and (ii) monitor the specific changesin cellularproteome foldedness
that occur in response to a variety of stressors(e.g., ER stress (tunicamycin), Heat Shock, HSP-70 inhibition,
proteosome inhibition, or overexpression of a non-native misfolded protein, barnase2). Notably, we show that
different stress conditions result in little overall similarity in changes in foldedness, and shareonly asmall subset of
common vulnerable core machinery.

Conclusions

TPE-MI is demonstrated as a promising tool to probe proteostasis at both the proteome wide and individual protein
scales. This knowledge will contribute to our understanding of disorders characterised by proteostasis imbalance,
and will assist in targeting those proteins most prone to misfolding under stress conditions.

Novel Aspect:
This approach enables analysis of folding/unfolding kinetics for endogenous proteins on a proteome-wide scale,
without expression of specific protein reporters.
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Introduction

Label free quantification (LFQ) and isobaric labelling quantification (ILQ) are the two most popular quantification
workflows in discovery proteomics. Here, we wanted to objectively compare the two workflows given a fixed
amount of LC-MS time. For ILQ, we chose TMT 10-plex, for LFQ we chose single shot data-independent acquisition
(DIA). We joined forces with a laboratory at FLI where ILQ is well establishedto compare the two workflows.

Methods

We generated a gold standard set of ten samples composed of a complex mouse cerebellum background spiked with
the UPS2 protein standard (Sigma) in five different concentrations. LC-MS data was acquired on an Orbitrap Fusion
Lumos (Thermo) in both laboratories and with both workflows. For TMT an MS3 method was used, for DIA a method
as described in (Bruderer et al. 2017) was chosen. Data were analyzed with Proteome Discoverer (Thermo) and
Spectronaut (Biognosys).

Results

In the four experiments (two workflows in two laboratories) we identified 48,500 (FLI TMT), 47,700 (BGS TMT),
51,800 (FLI DIA) and 53,500 (BGS DIA) peptides. On the protein level this corresponded to 6,500 (FLI TMT), 6,200
(BGS TMT), 5,700 (FLI DIA) and 5,900 (BGS DIA) identifications. 16 (FLI TMT), 15 (BGS TMT), 14 (FLI DIA) and 17 (BGS
DIA) UPS2 spike in proteins were detected.

Generally, protein identifications were higher with TMT and protein sequence coverage higher with DIA. The
guantitative performance in detection of differential abundance was very similar with a slight edge towards LFQ-DIA
at both sites (FLI and BGS) and for two criteria used (partial area under the curve or true positives in the top 200
candidates).

We also performed an ILQ-TMT experiment with very deep pre-fractionation (24 fractions). This illustrated that ILQ-
TMT is particularly suited for very deep proteome coverage. In this experiment we were able to quantify 8,800
protein groups, 160,000 precursors and 26 of the UPS2 proteins.

Conclusions

The quantitative performance of both methods was very similar in both laboratories. It turned out that for the
analysis of the DIA data it was beneficial to use both quantitative information levels available in DIA, at MS1 and MS2
level. We see the strength in LFQ DIA particularly in a single shot workflow for dozens to thousands of samples and
for ILQ TMT particularly for very deep coverage of a few samples.

Novel Aspect

Comparison of isobaric labelling workflow with single shot label free DIA quantification on a gold standard sample
set
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Introduction:

Mass spectrometry-based proteomics has become a powerful technology for the identification and quantification of
proteins. We recently introduced the Parallel Accumulation Serial Fragmentation (PASEF) method on TIMS QTOF
instrument, delivering high robustness, speed and sensitivity, for shotgun proteomics. Here we show reproducible
and accurate quantification using the PASEF acquisition method and the optimized PEAKS and MaxQuantsoftware
packages.

Methods:

The peptide mixtures (< 200 ng) were separated with a nanoElute (Bruker Daltonics) nano-flow LC on-line coupled to
a high-resolution TIMS QTOF (Bruker Daltonics). Chromatographic separation was carried out at a flow rate of 400
nl/min using a 30-90 min linear gradient. LC-MS/MS data were acquired using the PASEF method. Data analysis was
performed using PEAKS studio (Bioinformatics Solutions Inc.) and MaxQuant (Jiirgen Cox, Max Planck Institute of
Biochemistry).

Results:

200 ng of a complex peptide mixture derived from a mammalian cell line in the single-run format were analyzed
using a 90 min gradient and optimized PASEF parameters. More than 5300 proteins families were identified in each
run with a good reproducibility when comparing the protein identities between replicates. Comparing label free
intensities between technical replicates shows excellent reproducibility with a R2 = 0.98 using either a 90 min or with
a 30 min gradient. To evaluate the reproducibility of PASEF, we determined the coefficient of variation of the label
free intensities. Also here good reproducibility could be shown.For the evaluation of the accuracy of quantification
over a wide concentration range we performed a spike-in experiment. We spiked E.coli digest in different ratios (1:2,
1:5 and 1:10) into Hela digest and injected 100 ng sample material and measured each concentration in triplicate
analyses. With all different concentrations, expected ratios could be determined.

Conclusions

tims-PASEF allows to perform reproducible, accurate and high sensitive label-free quantitation from shotgun
proteomics samples.

Novel Aspect:
Label free quantification using PASEF
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Introduction:
Ratio compression reduces dynamic range in multiplexed quantitative proteomics studies, particularly for high-
resolution MS2 Methods: SPS-MS3has been highly successful for improving quantitative accuracy by reducing
interference-based compression. Building on this, we tested whether the use of high-Frequency Asymmetric lon
Mobility Spectrometry (FAIMS) couldfurther reduce interference in multiplexed quantitative analyses on an Orbitrap
Fusion Lumos.

Methods:

Three complex samples were used to test the utility of FAIMS to reduce interference: (1) Triple-knockout yeast (TKO,
100% yeast), (2) canonical interference standard (CIS, 46% yeast), and (3) a novel small change interference model
(SCI, 10% yeast). Known peptide ratios across channels ranged from 1.5-fold to infinite. Peptides were analyzed on
an Orbitrap Fusion Lumos (Thermo Scientific) for analysis with or without a FAIMS source (three CVs tested: -40, -60,
-80V).

Results:

Thermorecently developed a FAIMS source with improved measurement sensitivity/speed and FAIMS was
previouslyshown to reduce interfering precursorsby ion-mobility-based separation[1]. Here, we tested ifThermo’s
new FAIMS source could reduce co-elutinginterfering ions to improve quantitative accuracy for multiplexed samples.
We compared HRMS2 with and without FAIMS using a CIS (labeled yeast dilutions with/without mouse background),
and strikinglyobserved a 55% reduction in quantitative interference. We identified 2288 total yeast peptides with
FAIMS-HRMS2compared to 2423 total yeast peptidesfor HRMS2without FAIMS (94%) indicatingsimilarPSM
sensitivity with or without FAIMS.

For the TKO sample [2], a 9-plex with triplicates of three KO strains (Amet6, Aura2, Apkf2), FAIMS improved the
average interference free index by 22% (reduced avg. interference by 62%) compared to the same method without
FAIMS. Additionally, we observed a 2.2-fold increase in total peptide identifications forFAIMS-HRMS2 compared to
FAIMS-SPS-MS3.

Conclusions

We observed that FAIMS-SPS-MS3(with the SCI model) had the least quantitative interference (most accurate
ratios), followed by non-FAIMS-SPS-MS3 and closely thereafter by FAIMS-HRMS2. Non-FAIMS-HRMS2 had the
highest levels of interference and ratio compression. Total peptide identifications for FAIMS-HRMS2were 54% higher
than for SPS-MS3.0urfindings suggest that Thermo’snew FAIMS sourcewould be a valuable tool for any multiplexed
guantitative workflow.

Novel Aspect:

FAIMS (HRMS2 or SPS-MS3) consistently improved quantitative accuracy without sacrificing peptide identifications
for multiplexed samples compared to standard Methods:
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Introduction:

Nav1.6 expression and activity in hippocampus are shown to mediate seizure resistance (1). HEK293 cells expressing
human sodium channel Nav1.6 are used to screen compounds targeting Nav1.6 for the discovery of drug candidates
to treat epilepsy. Expression of Nav1.6 proteins is traditionally analyzed by Western blot analysis. Here we show
that targeted multiple reaction monitoring mass spectroscopy can provide protein quantitation using stable isotope
dilution of unique Nav1.6 peptides.

Methods:

Membrane proteins were extracted from Nav1.6 expressing HEK293 cells, and from Scn8aN1768D/+ and WT mouse
hippocampus (2) using Mem-PER Plus kit (Thermo 89842). Detergents were removed using spin columns (Pierce
87777). Protein (80 ug) from Nav1.6 HEK293 cells and 240 ug of Scn8a and WT hippocampal protein were subjected
to in-solution tryptic digestion (Thermo 89895). Samples were dried and reconstituted in 50 pL 1:1 ACN:water +
0.1% TFA for UHPLC-MS/MS analysis.

Results:

A total of 39 tryptic peptides, based on an in-silico digestion of a complete human Nav1.6 protein were targeted for
MRM analysis of Nav1.6 expressed in a stably transfected HEK293 cells as well as in mouse hippocampus. Out of the
39 peptides, 11 were detected with at least three specific fragment ions. The remaining peptides were present, but
not all fragments were detected. From these 11 peptides, seven were unique to Navl.6. The other four peptides
shared homology with other sodium channels. Peptide DSLFIPIR (480.781 m/z, 598-605) was selected for Nav1.6
quantification due to its intense and robust signal. Light and heavy (internal standard) versions of DSLFIPIR were
synthesized and used to quantify Nav1.6 using an isotopic dilution method. Nav1.6 HEK293 cells showed Navl.6
expression of 3.3 fmol/ug of total membrane protein. Scn8aN1768D/+ and WT mouse hippocampus showed 0.41
and 0.39 fmol/pg of total membrane protein, respectively.

Conclusions:
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A simple and fast turnaround proteomic work-up was tested for detecting and quantifying Nav1.6 expression in a
stably transfected Navl.6 HEK293 cell line as well as in Scn8a mouse hippocampus. The success of these Nav1.6
proteomic studies enables the use of proteomics to screen and select optimal cell lines for epilepsy drug
development. Changes in Nav1.6 expression in mouse hippocampus could also be monitored using proteomics. The
same approach can be applied to other ion channels of interest.

Novel Aspect:

This is the first time that quantification of Nav1.6 protein expression in HEK293 cell lines and mouse hippocampus is
reported.
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Introduction:

Several approaches are available for performing MS-based quantitative proteomics. These include label-free and
label-based methods [1]. However, which quantification strategy is best suited for identification of biologically
relevant changes at the protein level is still not clear [2]. In this study, the analytical performance of three different
strategies for relative protein quantification using shotgun proteomics have been compared: LFQ, DML and TMT.

Methods:

Two protein mixtures were analyzed, both containing the same amount of human proteins, but different protein
amounts from E. Coli (1.5-fold difference) and soybean (3-fold). After protein denaturation and tryptic digestion (5
technical replicates), peptides were divided in three aliquots: one was used for label-free analysis; the second was
labeled by TMT, while the third was derivatized by dimethyl labeling. All samples were analyzed by LC-MS/MS on a
Q-Exactive.

Results:

Data were processed for statistical analysis (MaxQuant/Perseus) aiming to find out the best conditions for
acceptable diagnostic accuracy. For 5 replicated samples per protein mix, a total of 2495 (LFQ), 1385 (DML), and
1803 (TMT) proteins with minimum 2 peptides (FDR 0.01) were quantified. Parameters such as specificity, precision
and sensitivity were evaluated for each of the three quantification strategies. Differentially expressed proteins
between protein mix A and B for LFQ and TMT datasets were identified by using a corrected Student t-test
(permutation-based FDR < 0.05, S0=0.2). Instead, DML data were processed using the following criteria: one sample
t-test, S0=0.2, p-value <0.05. The diagnostic accuracy has been evaluated for all the three datasets: LFQ data
returned 95% specificity, 71% precision, and 87% sensitivity; samples labeled with TMT obtained 100% specificity,
96% precision and 51% sensitivity; DML labeling instead gave back the following values: 96% specificity, 64%
precision, 79% sensitivity.

Conclusions

Since LFQ and DML provided comparable diagnostic accuracy, in our analytical pipeline LFQ was preferred because it
provided deeper proteome coverage and faster sample preparation. TMT provided excellent precision (low number
of false positives), though sensitivity was poor, especially at low fold changes (1.5-fold).

Novel Aspect:
Comparison of the diagnostic accuracy of the three main categories in quantitative proteomics: label-free, isobaric
tagging and label-based with full MS quantification.
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Introduction

Stroke is one of the major causes of death worldwide, and in non-lethal cases often leads to permanent
symptoms[1]. Understanding the biological phenomena occurring in the brain after stroke on a molecular level is
crucial for the development of new treatments to alleviate these symptoms. The aim of our study was to
characterize the effects of stroke on the proteome and metabolome of rat brain at a timepoint in which the brain’s
response to stroke has been active for days.

Methods

Rats were subjected to 60 min cerebral ischemia or a sham operation as a control. The peri-infarct areas were
dissected 4 days later, and the samples were homogenized and divided into two aliquots.Sample preparation was
done separately for proteomics and metabolomics, and the untargeted analyses were performed with Thermo EASY-
nLC 1000/Q Exactive MS and DionexUItiMate 3000 UHPLC/Orbitrap Fusion MS, respectively. Data was analyzed with
MaxQuant, MZMine2, and R.

Results

Hierarchical clustering and PCA of the data indicated major differences between the sample groups, and in the case
of PCA, higher between-sample variability in the stroke group than in the control group in both proteomics and
metabolomics. Across the samples, in total2403 proteins were quantified, of which 277 were upregulated and 167
downregulated in the stroke samples relative to the control samples (q < 0.01). In line with the literature,
inflammatory response-related proteins were upregulated in the brain after stroke[2]. Further processes identified
by the bioinformatic analysis include e.g. increased translation and decreased energy metabolism in the stroke
samples. In metabolomics, 470 features were significantly different (q < 0.01, fold change > 2) between the sample
groups. Based on MS/MS identifications, the abundance of e.g., sugars and sugar phosphates, unsaturated fatty
acids and a wide variety of other lipid species increases in the brain after stroke, whereas the abundance of
nucleosides (adenosine, guanosine) decreases.

Conclusions

Ischemiacauses extensive damage to the brain, and with the consequent reperfusion, inducesvarious biological
processes. Our work identified major alterations in the brain after stroke on both proteomic and metabolomic level,
including proteins and metabolites related to inflammation, protein synthesis, and energy metabolism.

Novel Aspect
This study integrates proteomics and metabolomics data from the peri-infarct brain area of rats subjected to
cerebral ischemia and sampled several days post-stroke.
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Introduction:

Accurate quantification of peptides and proteins rely on the availability of certified reference materials. Here we
investigated the use of ultraviolet (UV)and mass spectrometric (MS) detection for the simultaneous determination of
the quantity and identity of peptidic impurities present in peptide standard solutions. The data combined with
amino acid analysis can provide accurate determination of the Sl-traceable concentration of peptide calibrants.

Methods:

Peptide solutions were Sl-traceably quantified by amino acid analysis using exact matching isotope dilution mass
spectrometry (EM-IDMS). The relative amount and the identity of the impurities was determined by UV-MS. Relative
response factors (RRF) were verified by varying the injection volumes of the stock solution. The amino acid results
were corrected for peptidic impurities. The results were confirmed by quantitative NMR (QNMR).

Results:

The Sl-traceable concentration of the peptide solutions can be determined by peptidic impurity corrected amino acid
analysis (PICCA). The peptide and its impurities must absorb UV light and the impurities must be baseline-separated.
The peptidic impurities were sequenced by MS/MS. The main impurities are deletion products and related
sequences with post translational modifications on unstable amino acid residues. The determined purity of the
synthetic peptides used in this study is indirectly proportional with the length of the peptide sequence. The
validation of the method for the determination of the purity of potential peptide calibrators will take place by
applying it to the determination of the purity of oxytocin as part of an international comparison study. Quantitative
NMR results complement the findings of the UV-MS results.

Conclusions:

The relative (detector) response ratios for the impurities vs the main compound can be determined without the use
of solid impurity standards, and the determination of the purity of a peptide solution by the evaluation of the UV
chromatogram is possible.The agreement between the purity results determined by UV and MS using the orbitrap
mass analyzer suggests linear behavior for the orbitrap.

Novel Aspect:

Determination of purity of synthetic peptides is achieved with the use of universal (UV) and mass spectrometric
detection and quantitative NMR.
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Introduction:

The multi-drug resistant bacteriaA. baumannii belong to the group of human opportunistic pathogens responsible
for most common life threateningnosocomial infections. The resistance of A. baumanniito the last-resort antibiotic
colistin is increasing and, recently, a high rate of colistin dependence has been demonstrated [1, 2]. However, the
mechanisms of antibiotic resistance and dependence are not yet fully understood.

Methods:

Colistin-susceptible clinical isolate of A. baumannii and its subpopulation that exhibited a colistin-dependent growth
pattern were studied. The whole-genome sequencing (WGS) and the shotgun proteome analysis by high-resolution
mass spectrometry with following bioinformatics analyses were performed to characterize the molecular
mechanisms ofantibiotic dependence in A. baumannii.

Results:

We utilized a proteogenomic approach to explore the molecular mechanisms of colistin dependence. The
bioinformatics analysis of the obtained WGS data identified multiple antimicrobial resistance genes which were
identical in colistin-susceptible and colistin-dependent subpopulations; however colistin-resistant genes were not
detected by ResFinder server. WGS data were used to construct a custom strain-specific six-reading frame database,
which was used for the proteomic analysis. We found that 183 proteins were expressed differently in the two
phenotypes and 119 of them were downregulated in the colistin-dependent subpopulation. The significant part of
these proteins are metabolic enzymes, chaperones, outer membrane proteins, efflux pumps and porins. Notably, in
addition to novel proteins, several of differentially expressed proteins are known to be involved in colistin-resistance
mechanisms.

Conclusions:

Our study shows that the significant part of proteome is modified in colistin-dependent subpopulationof A.
baumannii. This proteogenomic study also indicates that thecolistin-dependence mechanisms are closely related
tocolistin-resistance. Our research provides a new analytical platform and a foundation for further research of
multiresistantA. baumannii.

Novel Aspect:
This is the first study to useproteogenomicsapproachforidentication ofthe molecular mechanisms behind antibiotic
dependence in A. baumannii.
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Introduction:

SpectroMine can search both data-dependent (DDA) and data-independent acquisition (DIA) data using in silico
generated search spaces (from FASTA files) or spectral libraries. The advantage of using libraries is the greatly
reduced search space, leading to a speed-up and improved sensitivity/reproducibility [1]. Here we set out to see ifa
library-based targeted approach can lead to improvements, both in identification and quantification,in a TMT-
experiment.

Methods:

We used a published data set of7 TMT10-plex experiments, allfrom different mouse tissues. Every experiment
consists of 12 fractions of 5 controls and 5 nicotine-treated samples [2]. We combined all 7 experiments togenerate
a library in SpectroMine with 1% false discovery rate at PSM, peptide, protein group level.SpectroMine also
identifiesthe TMT reporter ions, in MS2 or MS3 scans. These are used to calculate differential abundances between
conditions.

Results:

The generated library has a size of 673’204 fragments, 112’587 precursors, 10’120 protein groups (11 hours for
processing 84 runs). We used this library to search the brain experiment. In the case of library searching,
SpectroMine uses normalized retention time (iRT) [3] available from the libraries to further improve the search: only
peptides within an expected retention time window will be matched to the scans. This resulted in 48'126 precursors
and 7’627 protein groups (20 min).With a Q-value of maximum 0.05 and a minimal absolute log ratio, we found 18
candidates. When searching this data with the mouse FASTA file, we find 39’098 precursors, 6’617 protein groups (2
hours). Applying the same criteria, leads to only 16 candidates. Comparing the quantities of the candidates we
obtained with those of the paper, resulted in correlations of 0.98for both the FASTA as well as for the library
approach.

Conclusions

When using a library instead of a FASTA file to identify TMT-labeled peptides, we managed to get an increase of 23%
at precursor level and of 15% at protein group level. On top of that, quantification can still be applied by extracting
the reporter ions from the MS3 scans. Very similar quantification results are obtained, showing that the library-
searching approach of DDA-data can be combined with TMT-quantification.

Novel Aspect:
Library searching of TMT-labeled data, while making use of normalized retention time (iRT) to increase

identifications while maintaining quantitative accuracy.
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Introduction:

Inflammatory bowel disease(IBD) and food allergies represent a wide group ofintestinal disorders that may lead
tochronic inflammation of gastrointestinal tract (e.g. Crohn’s disease,celiac disease). Food allergies are abnormal
reactions to an allergen presented in food howeverthe cause of IBDremainsunclear [1,2]. Quantification of specific
inflammation markers in fecesallow to characterizean inflammation and estimate its progress in digestive tract.

Methods:

Proteins were extracted from both lyophilized and fresh fecessamples for comparison, using 1x phosphate saline
buffer and centrifugation. The supernatantwas subjected to bottom up proteomics workflow.We have tested
isolation of neutrophils and eosinophils from feces and characterize their CD markers. Proteotypic tryptic peptides
were selected, inspected for isoforms and SNPs and quantified using UHPLC-SRM analysis.

Results:

We have developedand validated multiplex protein assay based on ultra-high performance liquid chromatography
(UHPLC) and selected reaction monitoring (SRM) mass spectrometryfor the absolute quantification of six
inflammatory proteins (i.e. ECP, EDN, CAL S100A8, CAL S100A9, F-MPO and A1AT)in feces. Inflammation proteins
were quantified in bothlyophilized and fresh feces samples. Higher concentrations of inflammation proteins were
guantified in lyophilizedsamples, most likely due contribution from lysis ofneutrophils and eosinophils, which contain
these inflammation proteins and occur in feces. Lyophilization allowed us to normalize concentration of each protein
to dry weight of lyophilizedfeces and to achieve lower limit of quantification. Certain inflammation proteins were
cross-quantified using ELISA and results of both methods were correlated.

Conclusions:

We have developed UHPLC-SRM method for quantitative analysis of selected inflammation proteins in feces to
identify an inflammatory status and potentially a specific type of inflammation. We have cross-validate quantitative
results of newly developed UHPLC-SRM assay tothe results obtained using ELISA assay as a reference method.

Novel Aspect:
A novelmultiplex method applicable to study development of gastrointestinal immune system, development of IBD
disease and food allergies.
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Introduction:

Quantitative proteomics strategies using Tandem Mass Tags (TMT) enable sample multiplexing and precise
measurement of protein abundance. However,co-isolated ion interference can suppress accurate ratio
guantification and thereby mask true differences in protein abundance across biological systems [1]. To be able to
detect and diagnosis co-isolation interference, we developed the Thermo Scientific™ TMT11plex™ labeled peptide
reference sample.

Methods:

Lysates from four strains of Saccharomyces cerevisiae were prepared and labeled with TMT11plex reagents and
mixed in equimolar ratios.Peptides from each knockout strain were labeled in triplicate, while the parental line was
labeled in duplicate.The samples were then analyzed on a range of Thermo Scientific™ Orbitrap™ instruments using
LC-HCD MS2 or MS3 fragmentations. Data analysis was performed with Thermo Scientific™ Proteome Discoverer™
2.2 software.

Results:

To develop a widely applicable TMT11plexstandard, we modified the selection of yeast strains from Paulo et al. 2016
[1] and included the parental strain BY4742 as reference channels. We show the yeast triple knockout (TKO)
standard has less than 20% variability with lot to lot reproducibility. We then used the TMT11plex standard to
establish a standardized workflow for liquid chromatography, MS acquisition on Orbitrap mass spectrometers, and
data analysis software. Synchronous precursor selection (SPS) based methods provided the best accuracy and
precision as compared to MS2 Methods: Depending on precursor isolation purity and notches (fragments) selected
for MS3, ratios for knock out proteins can be still distorted. We then implemented an additional filter into the
Proteome Discoverer software quantitation node to exclude precursors if more than the user defined number of
isolated fragments were not from the identified peptide. Implementation of a new filter significantly improved
guantitation accuracy and precision for all proteins.

Conclusions:
We demonstrate that the TMT11plex standard can be used an LC-MS system suitability standard to measure and
optimize protein/peptides identification, acquisition, and data analysis methods to limit co-isolation interference,
while also diagnosing MS instrument status by monitoring mass accuracy, ion injection time, and reporter ion signal
to noise.The TMT11plex TKO standard provides users a tool to measure and assess different mass spectrometry
approaches.

Novel Aspect: We present a widely-applicable, high quality TMT11plex yeast peptide standard for LC-MS quality
control and application development.

References:
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Introduction:

Indole alkaloids are a widespread group of secondary metabolites with huge structure variety. Nudicaulins, yellow
flower pigments from Papaver nudicaule (Island poppy), are unique representatives of this compound class,
combining structural elements from indole and flavonoids.[1] Previous studies identified indole and pelargonidin
glucosides as final precursors.[2]The aim of our work is to understand the biosynthesis of the nudicaulins.

Methods:

Our approach on the biosynthesis of nudicaulins is based on four pillars: NMR studies on their chemistry, UPLC-
HRMS and LC-UV/ Vis based metabolomics, transcriptomics, and DIGE-based quantitative proteomics.

Results:

The development of the P. nudicaule flowers was divided in five stages. Theses stages were monitored by
transcriptomics, proteomics, and metabolomics approaches. Thereby, the most important genes and their products
involved in thephenylpropanoid/ polyketide as well as indole biosynthetic pathwaywere identified. Relevant
metabolites were semi-quantified over the flower development.

Additional experiments showed that the final nudicaulin formation from indole and pelargonidin glucosides is also
possible in vitro under acidic pH conditions. This raises the question about the exact mechanism of this reaction in
vivo, which is a work in progress.

Conclusions:

Based on transcriptomic, proteomic, metabolomic, and NMR studies we propose a biosynthetic pathway of
nudicaulins in yellow petals ofP. nudicaule. This opens new insights into this unique class of indole alkaloids.

Novel Aspect:

Withthe help of a multi method approach, our investigation provides access to the unique biosynthetic pathway of
nudicaulins, the yellow pigments of P. nudicaule petals.
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Introduction:

Sample preparation has long hampered bottom-up proteomics. Proteins’ vastly different solubilities and myriad
extraction protocols yield very different data depending on what proteins are [not] extracted. S-Trap sample
processing[1] solves this problem by integrating: 1) complete 5% SDS protein solubilization; 2) total protein
denaturation (pH < 1 and > 70% organic); 3) simultaneous sample concentration/cleanup; and 4) rapid reactor-type
proteolytic digestion.

Methods:
S-Traps were obtained from ProtiFi (www.protifi.com, Huntington NY). S-Trap micros were used from sub-ug to 100
ug max, S-Trap minis from 100 — 300 ug, S-Trap midis > 300ug, and 96 well plates for high throughput applications.
Briefly, all samples were extracted with 5% SDS, fully denatured, captured on the S-Trap where they were cleaned of
all contaminants includinglLaemmli sample buffer, PEG, detergents, urea, reduction and alkylation reagents, etc. and
digested.

Results:

S-Trap sample processingallowed unbiased protein analysis including poorly soluble proteins(membrane proteins,
chromatin and muscle, etc.) and was successfully applied without alteration to all samples including tissues, FFPE
blocks, cell lines, biological fluids, etc. Using only standard lab equipment, S-Traps enabled reproducible sample
processing with < 10% CVs from protein to peptides in around 1 — 2 hrs from sub-microgram to multi-milligram
scales.

Conclusions

S-Trap processing is highly reproducible (CVs typically < 10%) and independent of the properties of the proteins
under study. Without change, its harmonized protocol is applicable to all kinds of samples from liquid biopsies
(serum and dried blood spots [DBS]) to FFPE blocks to tissues or cell lines. S-Trap processing increases protein
recovery, affording analysis of very small sample quantities, and can enable simultaneous proteomics and
metabolomics.

Novel Aspect:
Use one protocol for all samples from <ug to >mg scales greatly improves reproducibility and ease of research.
Throughput is greatly improved by 1 hr digests. The ability to remove contaminants is especially helpful to core labs.

References
1. Zougman A, Selby PJ, Banks RE. Proteomics. 2014 May;14(9):1006-0.
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Introduction:

A reproducible and robust global proteome profiling workflow is required to confidently determine putative protein
marker panels. In this work, we illuminate the impact of key components of the DIA workflow, including
chromatography, MS resolution & accuracy, spectral library quality, as well as the statistical analysis to demonstrate
the label-free quantitation advantages of the HRMS1 — DIAworkflow on a complex multi-proteome sample set.

Methods:

Experiments were performed on a Thermo Scientific™ Q Exactive™ HF mass spectrometer using a method consisting
of full scan MS with interspersed DIA acquired for qualitative analysis. Chromatographic separations were performed
using a Thermo Scientific™ UltiMate™ 3000 RSLC system, equipped for capillary-flow using a 60-minute gradient.
The samples consisted of three separate proteomes (Hela, yeast, and E.coli), which are mixed in various proportions.
Results:

The quality and breadth of the spectral library has a critical impact on the detection of peptides and proteins from
DIA data sets. Therefore an exhaustive spectral library is created using multiple off-line high pH reverse phase
fractions of each proteome. Quantification by DIA is based on the precursor level in the high resolution full scan.
Scan cycles consisting of multiple full- MS1 scans with interspersed DIA scans are employed to improve the precision
of MS1 based quantification. For robust and reproducible chromatographic separation, a 60-minute capillary LC-
DIAMS method is developed without compromising sensitivity along with high-throughput. The median CV of all the
experiments are < 10%. Aroll-up statistics strategy is applied to calculate peptide p-Value, improving quantitation
precision to 95% by removing the interferences from the real quantitative signals. As a result, the ratios of the mixed
three proteomes accurately reflect the expected values.

Conclusions

An HRMS1-DIAworkflow solution has been developed by streamlining each key component to achieve ease-of-
operation and reproducible label-free quantitative performance in a high-throughput manner.The initial data
demonstrate >7000 proteins were reliably quantified. For a higher proteome coverage, a 120-minute DIAMS method
based on the nano-LC separation is developed, where ~20% more protein groups (> 8000) were quantified.

Novel Aspect:

With the novel and complete HRMS1-DIA workflow ca. 10,000 protein groups are identified with 1% FDR and ca.
8000 protein groups are quantified with 95% quantitation precision.
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Introduction:

A high-throughput and streamlined analytical workflow using high resolution MS1-based quantitative data-
independent acquisition (HRMS1-DIA) is standardized with well-defined experimental steps, and systematically
applied to a set of samples. The study was benchmarked across multiple Cancer Moonshot sites worldwide utilizing
sameinstrument platform, procedures, andsoftware, and demonstrated to be stable in a 24/7 operation mode for 7
consecutive days.

Methods:

Experiments were performed on a capillary chromatographic separation with1h gradientonline coupled toQ Exactive
HF mass spectrometer. HRMS1-DIA method contains multiple MS1 scans with interspersed DIA MS2 scans. The
samples consisted of three separate proteomes mixed in various proportions. Hela digest served as a quality control
(QC) sample. Spectral libraries were created by performing LC-MS/MS analysis of multiple off-line high pH reverse
phase fractions.

Results:

>250 QC files and>360 mixed proteome sample files are acquired by theparticipated laboratories in a 24/7 operation
mode for 7 consecutive days.

With the 1 hour capillary LC-HRMS1 DIA workflow,> 5,000 protein groups from > 40,000 peptides of the HELA QC
sample are consistently identified with 1% FDR across all sitesand all 7days. The peptide intensity correlation of all
the 250 QC files is > 0.85, demonstratingan ultrahighinter-laboratory and inter-day reproducibility.

> 7,000 protein groups from > 50,000 peptides of the mixed proteome sample are reliably quantified across all 11
international labs and 7 days. >80% proteins are overlapped identified and quantified across the laboratories.
Additional to the 1%FDR, a rollup strategy is developed and applied to remove the none-reliable peptide
guantitation ratios, to successfully enhance the quantitation precision to > 90%. As a result, the label-free
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guantitation ratios of the mixed three proteomes accurately reflect the expected values at each laboratory across all
7 days.

Conclusions

To elevate discovery proteomics to translational research in the pipeline of precision medicine, large-cohort studies
are essential in discovery and verification of protein biomarkers. Yet,reprodubile proteome profiling andquantitation
in different laboratories remains achallange. This multi-site study across the globe demostrates the high-throughput,
reproduciblity, and scalability of the standardizedHRMS1-DIA workflow forlarge-cohort studies.

Novel Aspect:

Multi-site reproducibility, robustness, and method transfer evaluation for HRAM MS-based global proteome profiling
using a standardized DIA analytical workflow
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Introduction:

It is widely known that post-translational modification (PTM) is important for regulation of protein activity and
several cellular functions. Therefore, abnormality in those modification is closely related to oncogenesis. Thus,
understanding of global PTM status significantly contribute to cancer biology and drug discovery against cancer. So
far, several PTM proteomics were conducted by using immunoprecipitation with pan-PTM antibodies.

Methods:

One of examples is phosphotyrosine proteomics. When performing large-scale phosphoproteomics, phosphorylated
tyrosine sites account for less than 1%.To increaseidentification of phosphotyrosine sites, we optimized enrichment
step of phosphotyrosine peptides with immunoprecipitation, and achieved highly sensitive detection
ofphosphotyrosine peptides (more than 1,000 sites) from samples without pervanadate treatment [1].

Results:

In this study, we examined optimization for enrichment step of peptides containing other PTM sites.Newly
developed protocol is commonly applicable for enrichment of several types of PTMs. We successfully measured
several PTM statusfrom single sample.

Conclusions
We concluded that optimization for enrichment of each type of PTM peptides is crucial for comprehensive
proteomics of multiple PTM.

Novel Aspect:
This technique would lead to understand complexed crosstalk between multiple PTM signalings and find novel

therapeutic targets.
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Introduction:

Bacillus cereus is a food-borne pathogen responsible of toxi-infectionsin humans. During the course of infection the
survival and growth of the bacteria depend on its capacity to maintain an intracellular redox state in response to
environmental changes. Its virulence depends on the production of virulence factors secreted in the extracellular
milieu. In order to determine the key factors that contribute to redox homeostasis and virulence, we have
performed high-throughput shotgun proteomics.

Methods&Results:

In the studies cellular proteome and exoproteome time courses were monitored by nanoLC-MS/MS. When required
comparisons were performed between wild-type and the mutant of interest cells. The roles of the redox balance
sensor Rex [2] and the organic hydroperoxide stress resistance system OhrRA [1] in the machinery that maintains
intracellular redox state was deciphered by next-generation proteomics. Their role in toxinogenesis was highlighted
through a detailed analysis of exoproteome [1,2]. Exoproteome analysis also highlighted that toxins and other
extracellular virulence factors contained oxidized methionine residues[3]. We showed that oxidation of Met residues
in extracellular proteins is regulated by methionine sulfoxide reductase AB (MsrAB), a key factor of the antioxidant
system, suggesting that secretion of virulence factors could contribute to maintain intracellular redox homeostasis
[4]. Furthermore, interactions of bacteria genomic information and their recently acquired plasmids were reported
once again through the proteomics viewpoint [4]. We also contributed to identify by proteogenomics a new key
virulence factor that we named EntD which was revealed to be pivotal for pathogenesis[5], meanwhile it was missed
by automatic annotator software.

Conclusions:

Bacillus cereus is well able to survive to various environment conditions. The bacteria exploits its metabolic flexibility
to grow and produce extracellular toxins. We have shown that Met residues in exoproteins and their recycling by
MsrAB serve as an antioxidant strategy. This project illustrates the potential of next-generation proteomics in
microbiology.
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Introduction

The proteome is a sensor and mirror of the redox state inmammalian cells [1]. Cysteine is the amino acid most
sensitive to oxidation since its thiol groupforms different biologically relevant chemotypes [2]. In this study, possible
derivatives of cysteine formed byimpact with cold physical plasma as means to produce oxygen and nitrogen
centered reactive species (RONS)[3] were surveyed by high resolution MS/MSin order to predict the potential impact
of plasma in vivo.

Methods

Different concentrations of cysteine standard solutions were treated by various cold plasma jets with respective
parameter variation. The unknown compounds were then separated using an HILIC column in an HPLC system,and
identified by using a high resolution g-TOF mass spectrometer. A relative quantification was made by relating the
intensities in each spectra to the one of the L-cysteine-13C3, 15N at known concentration.

Results

A large number of oxidation products from cysteine were identified and the potential pathway of formationrelative
toRONSgenerationby the plasma wasdescribed. Modifications were mostly oxygen driven and located on the thiol
moiety, with the cysteine sulfonic acid as major, but not ultimate, compound. By distinct modulation ofthe plasma
parameters, e.g. nitrogen shielding of the effluent or addition of water to the feedgas, the formation of specific
cysteine bioactive derivatives such asS-nitrosocysteine, cysteine-S-sulfonate, or cystinedi- and tetra-sulfoxideswere
increased. By varying the plasma parameters, cysteine’s biochemical impact could be modulated ultimately
reflecting back on thebiological impact of cold plasma treatment in redox related conditions, e.g. wound healing[3].

Conclusions

Cold plasmas arevalidtools to produce RONSand simulatemolecular changesoccurring in oxidative environments.
Itwas observed that cysteine product profile reflectstreatment conditions, allowingcysteine variants with potential
relevance in redox signalingto be characterized. These observations imply a profound impact on protein thiol groups
when treated by oxidizing conditions like plasma in vivo, with consequences on cellular redox signaling pathways.

Novel Aspects
Rare but potentially biologically relevant cysteine derivatives were observed after physical plasma treatment,
allowing a forecast of thiol oxidation products in vitro.
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Introduction:

Substrates from chemically synthesized peptides have been used for in vitro phosphorylation using purified kinase or
cell lysates. Because of its high specificity and high throughput, MALDI-TOF-MS has been a powerful platform for the
detection of phosphorylated peptide substrate from enzymatic reactions. However, for screen assay, a direct
readout and comparison among different experimental conditions without using internal standard would be
preferred.

Methods: The peptide substrates labeled with 8-plex iTRAQ reagents were separately added in 8 different
experimental conditions. For kinas activity comparison among 8 samples, the lysates of each experimental
conditions containing individual iTRAQ-labeled peptide substrates were pooled for protein removal using SPE,
followed by enrichment of phosphorylated peptide substrates using TiO2 plate and MALDI-TOF analysis.

Results: We found that abundant proteins in cell lysate can severely affect the purification efficiency of
phosphorylated peptides on TiO2 plate. Therefore, SPE approach was first optimized to remove abundant proteins
without significant influence of the recovery of phosphorylated peptides from the TiO2 plate. To enable our platform
applicable in insulin stimulation and cancer drug inhibition, a list of the peptide substrates was designed. The protein
amount and incubation time for kinase assay of insulin stimulation and drug inhibition were optimized. By labeling
peptide substrates with 8-plex iTRAQ reagents, protein kinase activities in 8 samples can be directly compared by the
mass tags on their fragmented ion spectra. The kinase activity results from our multiplexed-kinase activity MALDI-
TOF assay are consistent with the results from western blots analysis.

Conclusions:

We have successfully developed a rapid and quantitative measurement of multikinase activity based on MALDI-TOF.
In this assay we combined 8-plex iTRAQ labeled peptide substrates for quantification with a phosphorylated peptide
substare purification plate to rapidly determine multikinases activities in cell lysates. The effect of insulin stimulation
and an inhibitory drug on the cellular protein kinase activity were successfully evaluated.

Novel Aspect:

This study is the first report to use iTRAQ-labeling strategy combined with TiO2 plate and MALDI-TOF/TOF for
sensitive and high throughput multikinase activity analysis.
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Introduction:

In peptidomics and proteomic study, a large portion of the MS/MS spectra acquired by the data dependent
acquisition (DDA)approachcannot confidently match to a specific peptide sequence. To improve the peptide and
protein identification performance, a new database search approach was proposed. Performance and application of
this approach were studied and discussed.

Methods:

The processed DDA analysis spectra were searched against a protein database using semi-tryptic peptide specific
(sTPS) and non-enzyme specific (NES) setting in the identification tryptic peptides and endogenous peptide,
respectively. The 1st to the 10th peptide matching scores for each of the MS/MS spectrum were used to develop
new peptide matching score.

Results:

In this study,we showedthat the score distributions of 1st and 2nd ranked hits were similar if the 1st ranked hits
matched to random sequences but distributions were differentiated if the 1st ranked hits matched to forward
sequences. Because the differences of the 1st and 2nd ranked score for random matched hits are smaller than the
true positive hits, the use of delta score (DS)can make the true positive hits to be more discriminated from the
random hits. We further developed a new scoring method named confidence scoring (CS), which considered the 1-
10th matching scores of each spectrum. For the identification of tryptic peptide using NES search, the peptide
identification sensitivity of CS was 12% and 2% higher than the Mascot score and DS, respectively. In the sTPS search,
the number of the identified peptides of CS and DS was 12% and 25% higher than the Mascot score, respectively.

Conclusions

A new approach for performing the tryptic and endogenous peptide identification was developed. This new
approach not only can improve the identification performance of endogenous peptides but also on tryptic peptides.
In the analysis Tomato peptidomics, we demonstrated that the majority of the endogenous plant peptides are
derived from the C-terminal of precursor proteins.

Novel Aspect:

This method does not require complex computational steps and can significantly improve the sensitivity for
detecting tryptic and endogenous peptide.
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Introduction:

Mass spectrometry is suitable to investigate protein post-translational modifications (PTMs). Any modifications on
any proteins are detectable as mass shifts. Combinations of the PTMs are often called as ‘codes’ and they are
thought to have different biological meanings [1]. Histones are representative proteins that have the code.Since the
codes can be formed between PTMs on distant amino acids, typical LC-MS/MS analysis using trypsin often loses their
combinatorial information.

Methods:

Histone H3 was purified from cells by histone extraction and HPLC fractionation. Histone H3 tail 1-49 amino acid long
peptides are digested with AspN. LC-MS/MS with electron transfer dissociation (ETD) was performed usingthe
Orbitrap Fusion with high-resolution MS/MS and lon mobility separation-MS/MS analysis was performed using the
timsTOF Pro. Data was analyzed with MASCOT and a developing software in house.

Results:

Histone H3 tails have multiple positional isomers of PTMs that is difficult to separate by liquid chromatography.
Consequently, the obtained MS/MS spectra had the mixed ones of the positional isomers of modifications. A in-
house software have been developing by using de Brujin Graph to resolve the mixed spectra.

We are examining the effects of ion mobility separation [2]. We have obtained several species that have different
drift time from one precursor, which might be positional isomers.

Conclusions:
Advanced data analysis and ion mobility separation might improve combinatorial PTM identification.

Novel Aspect:
We are developing novel software to improve PTM identification of histone middle-down analysis.
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Introduction:

New metal-based anticancer drugs have been the focus of next-generation chemotherapy. Novel Ir(lll) based drugs
have been designed to minimise side effects on healthy cells, while increasing selectivity and efficacy towards cancer
cells by inducing reactive oxygen species (ROS) when triggered with blue visible light. The catalytic production of 102
with Ir-complexes, and effects on target species within cells were investigated to uncover their mechanism of action
on a proteome-wide scale. [1]

Methods:

FT-ICR MS analysis was conducted using a 12T Bruker SolariX (Bruker Daltonik GmbH, Bremen, Germany) FT-ICR
mass spectrometer. nLC-MS/MS experiments was conducted via coupling an EASY nano-LC Il system (Proxeon,
Hemel Hempstead, UK) to the SolariX FT-ICR MS, separation was achieved using a water/acetonitrile gradient and a
C18 reverse phase column. All data was analysed with Data Analysis v4.2 (Bruker Daltonik GmbH, Bremen, Germany)
and the Mascot database search engine.

Results:

Activation of the Ir metallodrugs caused production of reactive singlet oxygen species and extensive oxidation of
nearby biomolecules. A whole range of oxidation products, up to 6 per peptide, were observed. The high resolution
and mass accuracy and extensive MS/MS capabilities of the FT-ICR MS allowed unambiguous identification of the
oxidation sites and the modifications induced. 102 was found to cause many methionine oxidation events (to
sulfoxide and sulfone), but also oxidation of tryptophan residues, producing diagnostic kynurenine and 3-hydroxy
kynurenine moieties. Histidine residues were oxidised to 2-oxo-histidine, which is commonly observed in 102
oxidation events. Bottom-up nLC-MS/MS experiments of drug-treated cancer cells revealed two key targets; aldose
reductase (AR) and heat shock protein 70 (Hsp70). Quantitative nLC-MS/MS showed the increase in oxidised
products in the drug-treated samples, calculated as 3.0-fold up-regulation with AR and 5.8-fold up-regulation with
Hsp70, together with 9 proteins up-regulated along the glycolysis pathway.

Conclusions:

New Ir-based anticancer drug was designed to be highly and selectively cytotoxic to cancer cells when activated with
visible blue light. Generation of 102 was confirmed by observing diagnostic oxidised species in peptides. Damage to
specific cellular proteins, AR and Hsp70 was discovered in cells, induced by photodynamic therapy. 9 proteins along
the glycolysis pathway were found up-regulated, which happened in the mitochondria of cells, disrupting the energy
source of cancer cells.

Novel Aspect:
Top-down and bottom up FT-ICR MS/MS approaches shed light on new anticancer, catalytic photoactivated Iridium
complex targets and proteome effects
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Introduction

Oligodendrocytes are the myelinating cells of the central nervous system and originate from neural stem cells
through differentiation mechanism which is only incompletely understood.[1]It has been shown that kinases play
important roles in this differentiation process.[2-3]Therefore, in this study, we performed a large-scale
phosphoproteomics experiment to investigate phosphoproteome alterations during the differentiation process.
Methods

Samples were harvested at 3 time points of differentiation, labeled using 3-plex dimethyl, and separated into 12
fractions using SCX chromatography. Phosphopeptides were enriched and analyzed by LC-MS/MS. For follow-up
experiments, proximity biotinylation by DCLK1-BiolD fusion proteins was performed: 8 BiolD constructs were
generated resembling distinct splice variants of DCLK1. Samples were biotin- and phosphopeptide-enriched and
analyzed by LC-MS/MS.

Results

Neural progenitor cells were differentiated over 2 weeks to oligodendrocyte precursor cells. Samples were harvested
at three time points: 0, 7, and 14 days of differentiation. Harvested samples were lyzed, digested, dimethyl labeled
and fractionated using LC-SCX fractionation. Phosphopeptides were enriched using TiO2 and analyzed by LC-MS/MS.
6963 unique phosphopeptides were quantified covering 9053 phosphorylation sites. In total, 1118 phosphosites
were up- or downregulated at least 2-fold. Among the most highly upregulated candidates, several phosphorylated
peptides of DoublecortinLike Kinase 1 (DCLK1) were found. Phosphomimetic studies showed that DCLK1
phosphorylation alters its stability. We therefore employed BiolD[4]-DCLK1 fusion proteins to investigate DCLK1
substrates and interaction partners. In these experiments the phospho-enriched fractions revealed 2574
phosphosites representing 2086 phosphopeptides from 1229 phosphoproteins while the flow through yielded 33623
peptides from 4616 proteins.

Conclusion

9 residues of DCLK1 were found to be differentially phosphorylated during the differentiation process. Site directed
mutagenesis revealed that phosphorylation in the SP-rich domain of DCLK1 altered its stability. Applying a
combination of BiolD-DCLK1 fusion proteins and phosphopeptide enrichment, Neurofilament medium polypeptide
(NEFM), Filamin-A (FLNA), and Fatty acid synthase (FASN), mTOR, and CAMKK1 were found as possible DCLK1
interaction partners.

Novel Aspect

First phosphoproteomic analysis of neural progenitor cell differentiation identifying differential phosphorylation of
DCLK1 and follow up by BiolD fusion proteins.
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Introduction:

We report an alternative peptide and PTM identification method based on matching experimentally derived spectra
in a comprehensive library of the NISTmAb IgG1lk. We show that this method is advantageous over the database
tools for reliably determining low levels of biologically modified species in antibody drugs. The simultaneous
detection of these modifications, challenging for conventional methods, can be achieved without using special
settings or procedures.

Methods:

500ug of NISTmAb was denatured using various chemicals and solvents in 50uL of 100mmol/L Tris HCI buffer at
room or 85 °C. Parameters for 13 protocols were used during denaturing, reduction, and alkylation of the NISTmAb.
Each sample was digested with trypsin for 0.25, 2, and 18h. 1D/2D LC-MS was used for various digestion conditions.
Initial identifications were made using MS-GF+ search engine against a fasta-file containing the sequence.

Results:

We created a high-resolution mass spectral library of all identified peptides produced in the tryptic digests of a
humanized IgGlk mAb reference material (NISTmAb). The reference library contains over 12,600 high-quality
tandem spectra of more than 3,300 peptide ions identified and validated by accurate mass, differential elution
pattern, and expected peptide classes in peptide map experiments. These include a variety of biologically modified
peptide spectra and method-induced artifacts obtained from 1D/2D LC-MS/MS analyses. The 12 varieties of spectra
included in the library are derived from peptides of unmodified major classes, N-linked glycosylated, oxidized,
deamidated, modified N-/C terminal, glycated, metal-ion adducted, overalkylated, and other types of modifications.
A complete glycation profile was obtained for the NISTmAb with spectra for 58% and 100% of all possible glycation
sites in the heavy and light chains, respectively. The site-specific quantification of methionine oxidation in the
protein is described.
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Conclusions:

The library of annotated spectra of all NISTmAb peptide ions acquired in this work, along with the library search
software, is freely available. The general utility of this library is demonstrated by the analysis of Humira, where 60%
sequence coverage for constant regions of this commercial mAb. The NISTmAb library platform may be used as a
tool for facile identification of the primary sequence and PTMs for human and recombinant IgG antibodies.

Novel Aspect:

Facile, reliable, and simultaneous identification of low levels of biological modifications in mAbs by advanced
NISTmAb reference material spectral library.
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Introduction:

Traditional methods for phosphopeptidepurification are reported to introduce strong bias and hence detected
phosphorylations only partially reflect the true phosphoproteome distribution of the cell [1]. Importantly, part of
phosphoproteome, especially, N-liked phosphorylations (i.e. histidine, arginine, lysine) are generally out of the scope
of conventional enrichment methods, despite high interest in those type of phosphorylation.

Methods:

The mixture of phosphopeptides was modified by the recently developed by dimetallic gallium complex [2] in 20
mMtriethylammonium bicarbonate (pH 8). Modified peptides were enriched by immunopurification using an
immobilized antibody against the introduced metal complex and analyzed by LC-MS/MS. Raw data analysis was
performed in Thermo Proteome Discoverer 2.2, including home-built data deconvolution and pre-processing step
and conventional database search.

Results:

The developed dimetallic complex is highly specific for the phosphate moiety, irrespective of its nature, thus, the
same methodallows simultaneous enrichment of peptides having O-linked (Ser, Thr, Tyr) and N-linked (His, Lys, Arg)
phosphorylation. The modification and enrichment are performed atclose to neutral pH (optimal range 5 — 8), thus,
avoiding destabilization of N-linked phosphorylation and providing less bias of the phosphoproteome. Modified
peptide and all fragments containing the modification display distinct isotopic pattern preventing efficient data
analysis by conventional proteomics tools. To solve this issue, data pre-processing software was developed as a
processing node for Thermo Proteome Discoverer.The source code and complete description of algorithms are made
available for the community. Alternatively, the introduced modification could be removed by pyrophosphate in a
simple one-step process compatible with conventional LC-MS-based proteomics.

Conclusions:

The proposed phosphopeptide enrichment approach is based on specific phosphate-capturing dimetallic complex
and immunopurification of complexedphosphopeptides. The enrichment can be performed at neutral pH, preserving
labile modifications. The present proof-of-concept study clearly indicates the potential of the method,however,
further optimizationis necessary to apply the method in biologically-relevant cases.

Novel Aspect:
The presented method allows for obtaining comprehensive information on O- and N-linked phosphoproteome
simultaneously at neutral pH.
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Introduction:

Posttranslational modifications of proteins are associated with influencing the essential structural and regulatory
properties of each protein. For example, one of these post-translational modifications is the covalent addition of
other food compounds to diverse side-groups of (food) proteins or peptides [1]. Influences on the biological
properties such as the enzyme activity [2], the nutritional protein quality [3], and changes in the allergenicity of the
proteins/protein derivatives, seem to be more or less obvious.

Methods:

Electrochemical oxidation of phenolic acids (e.g., chlorogenic acid)was performed using a preparative
electrochemical thin-layer cell consisting of a boron-doped diamond workingelectrode.A solution of the phenolic
acid was injected into the electrochemicalcell and a constant potential was applied [4,5]. Detection of oxidation
products was performed using an ESI-MS ion trap mass analyzer in negative ion mode. Subsequently, a second flow
system was used to combine both analyte solutions, phenolic acid and mixture of tryptic peptides of a dietary
protein e.g., alpha-lactalbumin, to generate and detect potential adducts.

Results:

After optimizingthe reaction parameters for the four phenolic compounds selected, various oxidation products were
detected and identified by means of ESI-MS. By connectinga flow system with a tryptic peptide solution of digested
dietary proteins, oxidation products of the phenolic substances, and further reaction products of phenolic
oxidationproducts and tryptic peptideswere identified. It has been shown that an electrochemically induced
oxidation of the model phenols is possible as well as a reaction of the oxidation products with selected, previously
tryptically digested dietary proteins. A preparation of the reaction products in higher concentrations could be
generated by preparative LC. Structuralelucidation of the resulting products by means ofNMR are carried out.

Conclusions:

Electrochemistry coupled with mass spectrometry was successfully used to investigate theredoxpotential of dietary
phenolic acids such as chlorogenic acid. It was possible to create optimized conditions for the oxidation of
chlorogenic acid to generate a wide variety of oxidation products.Electrochemically oxidation of chlorogenic acid,
caffeic acid, ferulic acid, and sinapinic acid generateda variety of reactive intermediates. Feasibility of this technique
for the research topic was shown.

Novel Aspect:

The young field of electrochemical coupled mass spectrometry (EC-MS) is a suitable system for generating and
identifying potential metabolites. Target compounds can be identified directly by mass spectrometry. After
separation of generated metabolites, structural elucidation can occur in following steps.
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Introduction:

Phosphoprotein is involved in cellular processes such as proliferation, cell signaling, and apoptosis.[1-3] Mass
spectrometry is commonly used to identify both phosphorylated protein(s) and its site(s). However, phosphoproteins
in MS analysis have several limitations due to low abundant and low ionization efficiency caused by negative
chargeof phosphates in a positive mode.[4-5] Herein, we introduce a MW sorting-based new strategy for
phosphoproteomics.

Methods:

The tryptic peptides from MCF7 were mixed with phospho-antibodies (pAbs, above 150 kDa), and followed by which
the mixtures introduced into the mHFER (50-100 kDa in MW-cutoff) with continuous flow rate of 5 uL/min. During
breakthrough run, ordinary peptides having no affinity with pAb are first washed out through membrane wall of HF.
The remaining peptides bound to pAb can be simultaneously exited via online tryptic digestion in mHFER for next
nLC-ESI-MS/MS run.

Results:

For mHFER-based phosphopeptide enrichment, we optimized the experimental conditions according to the kind of
pAbs, reaction time between peptides and pAbs, reaction temperature, reaction ratio, and the length of mHFER.
From our experimental results, the enrichment yield of phosphopeptieds was dramatically enhanced when used the
mixture of phospho-serine, -threonine and -tyrosine antibodies at the ratio of 1:1 (proteins/pAbs, w/w) reacted for 1
hoursat 4 “C.Finally, we found total 11282 phosphorylation site from 5673 phosphopeptides of MCF7 cells utilizing
online mHFER-2D-nLC-ESI-MS/MS and confirmed that the pAbs-based enrichment coupled with online mHFER can
be the best way with the small amount of proteins (~10 ug) for phosphoproteomics than conventional methods [e.g.,
immobilized metal affinity chromatography (IMAC), titanium dioxide (TiO2), andfilter aided sample preparation
(FASP)] with a large amount (above 500 ug).

Conclusions

We found that the developed pAbs-based online mHFER is highly selective, precise, and suitable for phosphopeptide
enrichment with the small amount of proteins, compared to that of conventional mothods (IMAC, TiO2, and
FASP).Additionally, our phosphopeptideenrichment strategy with online mHFER is a promising tool for
phosphoproteomics, and for the development of therapeutic agents.

Novel Aspect:
The developed a mHFER-based phosphoproteome enrichment platform is one of advanced strategy for
understanding the biological functions of protein PTMs study.
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Introduction:

Mass spectrometry is a powerful tool for protein post-translational modifications (PTMs) analysis. A state-of-the art
mass spectrometer distinguishes very small mass differences.Histone has many PTM sites and their theoretical PTM
combinations can be above trillion. Semi-bottom-up andmiddle-down proteomicsare used for PTMs identification or
decision of their combinations. Here, we used middle-down proteomics and compared various fragmentation
methds.

Methods:

Purified histone or histone H3 HPLC fraction were digested with AspN to obtain 49 or 23 aa length of H3 or H4 tails.
They were fragmented with CID, ETD, or UVPD method and were analyzed by Mascot database search for PTM
identification. The identification number and the identified kinds of PTMs were compared. The search was
performed after deconvolution into the masses of singly charged ions.

Results:

Although all fragmentation methods enabled PTM identifications, ETD showed relatively accurate identification in
the middle-down proteomics. However, it was difficult to differentiate citrullination from z, z+1, z+2 ions generated
by hydrogen rearrangement in ETD. In addition, the molecules of molecular weights above 5kDa with multiple
charged ions showed deformed isotope pattern of distributions, which make it difficult to determine monoisotopic
ions. We have developed an algorithm to determine monoisotopic ions by matching to theoretical isotope
distributions and compared with the Advanced Precursor Detection (APD) in the Orbitrap Fusion Lumos. Moreover,
CID and UVPD were compared and the CID was suitable for shorter peptide analysis. Longer peptide analysis was
better in UVPD and the UVPD generated relatively frequent b, y series ions.

Conclusions:

Appropriate combination of ETD, CID, and UVPD and selection of the optimized fragmentation method according to
molecular size and charge might improve the accuracy of histone PTMs analysis. Further, the PTM site locations are
examined.

Novel Aspect:
We have compared the fragmentation methods to reveal complicated histone PTMs.
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Introduction:

Post-translational modifications (PTMs) on monoclonal antibodies (mAbs) are potential critical quality attributes that
define therapeutic efficacy and safety[1]. Mass spectrometry based peptide mapping (PM) is the gold standard
methodology for the in-depth study of PTMs on mAbs. Artificial PTMs, however, may be induced during sample
preparation forPM, e.g. asparagine deamidation [2].The current work describes the effect of digestion pH and
incubation time on Trastuzumab PTMs. Trastuzumab, marketed as Herceptin, is a humanized IgG1 mAb used in the
treatment of HER2 positive breast cancer.

Methods:

The regular trypsin digestion protocol for peptide mapping involved the use of RapiGest, dithiothreitol (DTT), and
iodoacetamide (IAM) in Tris-HCI buffer at pH 7,5. The low pH protocol, based on a commercial kit from Promega,
made use of guanidine-HCI, Tris(2-carboxyethyl)phosphine (TCEP), IAM, trypsin, and low pH resistant rLys-C.Peptide
mapping was performed on an Agilent Technologies 1290 Infinity UHPLC and Agilent Technologies 6540 Accurate-
Mass Quadrupole Time-of-Flight LC/MS. Peptides were separated on a Waters Acquity UPLC CSH 130 C18 (2,1 x 150
mm, 1,7 um) analytical column operated at 60°C at a flow rate of 0,4 mL/min using 0,1% formic acid in water or
acetonitrile.

Results:

Post-translational modifications of Trastuzumab peptides produced under regular alkaline, and low pH digestion
conditions were identified and compared.Aspartate isomerization, methionine oxidation, N-glycosylation, N-terminal
cyclization, and asparagine deamidation were PTMs of primary interest. Digests with incubation periods of 2, 4, 6,
and 16 hours were obtained and analyzed by LC-MS.Results show the progression of artificial modifications,
especially asparagine deamidation, using regular tryptic digestion conditions with longer incubation periods up to 16
hoursat 37°C. On the contrary, the low pH digestion protocol showed less identified artificial modifications while
providing longer peptides and higher sequence coverage.Moreover, modificationsnot associated with sample
preparationwere identified, such as oxidation, deamidation, glycosylation, and cyclization of certain peptides.

Conclusions:

The accurate determination of PTMs is important to ensure the quality of therapeutic mAbs. ArtificialPTMs
introduced by sample preparation usingalkaline tryptic digestion can be reduced with shorter incubation times while
providing sufficient peptide profile and protein sequence coverage. Acidic digestion effectively prevents
modificationscaused by sample preparation.

Novel Aspect:
Post-translational modifications of Trastuzumab under different digestion conditions were identified and
compared.Shorter incubation times for regular trypsin digestion or the use of low pH digestion conditions is advised.
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Introduction:

To connect the different functionalities of antibody fusion proteins in a single molecule G4S linker are often used. O-
Xylosylation is a recently described post-translational modification (PTM) of a heterogeneous glycan structure on the
serine of the G4S linker [1, 2]. Content, structure vary between different therapeutic proteins and expression hosts.
O-Glycosylation is a known PTM with well described glycan structures [3, 4] and located on serine or threonine.

Methods:

Intact measurement: Protein samples were N-deglycosylated and desalted by size exclusion chromatography. ESI
mass spectra were recorded on a Q-TOF instrument (maXis, Bruker) equipped with a nano ESI source (TriVersa
NanoMate, Advion).

Peptide Mapping: Protein samples were denatured and reduced, carboxymethylated and digested by trypsin. LC/ESI-
MS/MS was done on an Orbitrap Fusion system (Thermo). Peptides were separated usingRP HPLC (Waters
NanoAcquity).

Results:

Here we describe mass spectrometry based methods to detect, differentiate and locate O-Xylosylation and O-
Glycosylation in recombinant protein samples. We will show that intact measurement of deglycosylated antibody
derivates using ESI-TOF-MS is an easy and reliable method to quickly get an initial impression of present protein
modifications which exist with significant amount. A major disadvantage of this method is that detected O-
Xylosylation signals are often overlaid by other modification or adduct signals or detected peaks are not fully
resolved. Measurements after deglycosylation and reduction can provide remedy regarding peak resolution issues.
But, as we will show, LC/MS-MS peptide mapping using an Orbitrap Fusion is the method of choice to get a more
detailed view on the modification, to locate the particular modification site in protein sequence and to make an
exact estimation of the O-Xylosylation and O-Glycosylation content.

Conclusions:
Detection and quantification of O-Xylosylation and O-Glycosylation in antibody fusion proteins using the
combination of intact measurement and peptide mapping.

Novel Aspect:
Detection of O-Xylosylation and O-Glycosylation of recombinant protein therapeutics.
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Introduction:

The identification of SUMOylation sites by mass spectrometry is not easy because of the large SUMO chain remnant
attached to peptides after tryptic digestion. Therefore, the widely adopted method is still the site-directed
mutagenesis. Here, we will demonstrate the utility of specific mass tag from the methylated terminal to facilitate
and validate the identification of SUMOQylation sites by HCD on Orbitrap mass spectrometer without mutagenesis.

Methods:

The digested peptides are reductively methylated using formaldehyde-d2 and subsequently subjected to LC/MS/MS
analysis with LTQ-Orbitrap Elite. The digested peptides were analyzed in data-dependent mode by LC/MS/MS. The
data-dependent acquisition method consisted of ten sets of HCD/CID scans. Here, the HCD spectrum is used for
monitoring specific al ions, and the CID spectrum is used for peptide sequencing.

Results:

The signal enhancement for al ions of dimethyl labeling peptides in the CID of Q-TOF instrument had observed and
applied for identifying the N-terminal amino acid.1-3 In this study, we identified the spectra of SUMOylated peptides
by monitoring two al ions of HCD spectrum, one is from the SUMO chain remnant and the other is from the
SUMOylated peptide. The optimal collision energy of HCD for monitoring two al ions simultaneously was 40%.

For peptides sequencing, the identification of the MS/MS spectra generated by the SUMOylated peptide using the
Mascot database search is still difficult. To address this problem, the candidate spectra selected by specific mass tag
were submitted to do the sequence match by the software “ChopNSpice”.4 The results showed the specific mass tag
of methylated amino acid could dramatically narrow down the candidates of possible spectra, thus the number of
identified spectra were more than the one without spectra selection before ChopNSpice search.

Conclusions:

We use a di-SUMO-2 protein as a model to demonstrate the method and successfully applied to identify the
SUMOylated sites on the p53 protein. The results show the methylated mass tag (two specific al ions) is suitable for
screening SUMOylated spectra in complex protein mixture. This method is more sensitive than direct database
search, and it also greatly reduced the false identification.

Novel Aspect:
The method could dramatically narrow down the candidates of possible spectra and is more sensitive than direct
database search for SUMOylationsites identification.
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Introduction:

Post translational modifications (PTMs) are important indicators of change in cells. Two of the top four most
abundant PTMs are deamidation and phosphorylation and thelocation of the phosphorylation site is an important
factor in understanding the effect of this modification on the activity of proteins.

Results:

Traditional LC-MS methodscan sometimes struggle with the identification of positional isomers of phosphorylated
peptides as they are identical in mass and may have not separate by traditional reverse phase LC.Phosphorylated
peptides are often polar, and elute early in reverse phase chromatography (especially when more than one
phosphorylation site is present on the peptide) which can make them difficult to detect by trap-elute LC-MS. LC-MS
methods also struggle to identify and quantify Aspartate and iso-Aspartate isomers (associated with deamidation) as
they have the same mass and similar fragmentation patterns which often result in false positive identifications.

Conclusions:

As CE separates analytes based on their charge and size (a different mechanism to LC) it can often overcome some of
the separation challenges seen by LC. In this posterwe willshow how CESI-MS has been used to tackle these
challenges and how it compares to LC-MS and find out how it has been applied to real biological samples in
proteomics research.

Novel Aspect:
Separation of isobaric and/or co-eluting post-translational modifications by CE-MS
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Introduction:

Transforming growth factor B-induced protein (TGFBIp) is an extracellular matrix (ECM) protein composed of an
NH2-terminal cysteine-rich domain (CRD) and four fasciclin-1 (FAS1-1 to FAS1-4) domains. Previous studies have
shown that TGFBIp is cross-linked to type Vland type Xllcollagen through a reducible bond [1,2]. TGFBIp contains 11
cysteine residues and is thus able to form five disulfide bonds, leaving a single cysteine residue available for the
cross-link.

Methods:

Recombinant human TGFBIp was digested with Glu-C and trypsin to get cleavages between all cysteine residues
except Cys84 and Cys85. The generated peptides were separated by strong cation exchange (SCX) followed by
reversed-phase high-performance liquid chromatography (RP-HPLC) and analyzed by mass spectrometry (MS) and
NH2-terminal sequencing. For verification, the disulfide bond pattern of TGFBIp from human cornea was also
analyzed by MS.

Results:

The NH2-terminal CRD contains six cysteine residues, and one of these (Cys65) was identified as the candidate for
the reducible cross-link between TGFBIp and the ECM molecules type VI and type Xl collagen. This residue was not
engaged in any disulfide bond, but was modified by a cysteinylation. The cysteinylation can be exchanged with a
cysteine residue of another protein forming an intermolecular cross-link. In addition, the CRD contained two
intradomain disulfide bonds (Cys49-Cys85 and Cys84-Cys97) and one interdomain disulfide bond to the FAS1-2
domain (Cys74-Cys339).The cysteine residues in the FAS1-3 domain (Cys473 and Cys478) were shown to form an
intradomain disulfide bond.Finally, an interdomain disulfide bond between the FAS1-1 and FAS1-2 domains (Cys214-
Cys317) was identified. The disulfide bond pattern was verified in human corneal tissue and Cys65 was also found in
a cysteinylated form.

Conclusions
The results contradict the predicted assignment of the CRD as an emilin domain [3] and we have renamed the
domain to the cysteine-rich domain of periostin and TGFBIp (CROPT). The interaction to the ECM is through Cys65 of
the CROPT domain. The interdomain disulfide bonds indicate that the NH2-terminus of TGFBIp adopts a compact
globular fold. This together with the disulfide bond pattern has recently been validated by a crystal structure of
TGFBIp [4].

Novel Aspect:
We identified Cys65 of therenamed NH2-terminal CROPT domain to be the residue forming a reducible bond to
other ECM molecules such as type VI and type Xll collagen.
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Introduction:

Diatoms are unicellular algae that use highly specialized proteins to produce nano silicified cell walls. These proteins,
termed silaffins, share no homology across diatom species. Silaffins are heavily modified [1] and their lysine residues
bear polyamine chains [2]. However, their structure and physiological roleremain elusive.

Methods:
Total biosilica extracts from Thalassiosira pseudonana, T. oceanica and Cyclotella cryptica species were isolated as
described [3], subjected to acidic hydrolysis and derivatized with AccQeUltra Reagent (Waters). Lysine derivatives
were quantified by LC-MS and confirmed by MS/MS on Q-Exactive HF mass spectrometer (Thermo Scientific).
Modifications were mapped to protein sequences by GeLC-MS/MS [4] on OrbitrapVelos mass spectrometer (Thermo
Scientific).

Results:

We developed a method to identify and quantify polyamine-modified lysines and map them back to silaffin
sequences. In total, 17 novel modifications were discovered, including acid-resistant phosphoester-containing
polyamines. We demonstrated that the pattern of polyamine modifications reflects the phylogenetic proximity of
the diatom species. Modified lysine residues were identified by polyamine-specific fragments in MS/MS spectra
followed by iterative searches and deconvolution of raw MS/MS spectra. We localized 130 polyamine-modified sites
in 26 proteins from three diatom species and revealed 3 consensus motives common to all three diatoms.

Conclusions:

We report a novel approach to identify, quantify and localize 130 polyamine modificationsin three diatoms and
demonstrated that they occurred at conserved consensus motifs, despite full sequences of the modified proteins
were not conserved.

Novel Aspect:
Identification of consensus motifs of polyamine modifications
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Introduction:

Monoclonal antibodies (mAbs) can be incredibly complicated with hundreds of resides, varying degrees of
glycosylation and PTMs which may be critical to quality. MS can uncover a wealth of information of these mAbs with
a synergistic workflow used to maximise data quality and fidelity. Here BioPharmaViewTM and the 6600 characterize
the NIST mAb on an intact, subunit, and peptide level. Additionally the MAM workflow in BioPharmaViewTM has
been used to control CQAs.

Methods:

All measurements were carried out in replicates on a 6600 Q-ToF equipped with lonDriveTM source and the high
flow ExionLC™ system. For all analyses solvent A consisted water containing 0.1 % formic acid and Solvent B
consisted acetonitrile containing 0.1 % formic acid. Intact and subunit analysis were performed with a C4 column
with a flow rate of 200 ul/min at temperatures of 80°C and 60°C respectively. Peptide mapping was performed with
a C18 column at 250 ul/min at 50°C.

Results:

As complexity of biopharmaceuticals increases the need for accurate reliable data acquisition becomes ever more
important. The NIST mAb has five major intact glycoforms GOF/GOF, GOF/G1F, G1F/G1F, G1F/G2F, and G2F/G2F
representing one glycan on each heavy chain Fc region. The ratios of these various glycoforms are highly regulated
and have been measured accurately a after reconstruction with BioPharmaViewTM.

Due to the number of overlapping features at high charges states features can be difficult to discern at the intact
level, these features can become clearer at the subunit level.The glycoforms on the subunit level are clearer to
distinguish due to the reduced complexity of a single glycan per fragment. The subunit fragments were matched with
the BioPharmaViewTM software providing the same glycan ratios as on the intact level.

The NIST mAb was digested and analysed with the 6600 with a SWATH analysis. Data was analysed with
BioPharmaViewTM software with 100 % of the protein sequence observed at the MS level and validated via MS/MS
fragmentation.

Conclusions
As biologics become increasingly heterogeneous the need for complete characterization across all points in
upstream and downstream production increases. Sciex provides a complete workflow solution for LC-MS analysis of

complex protein products with Multiple Attribute Monitoring of Critical Quality Attributes.

Novel Aspect:
Complete characterization of NIST antibody and glycoforms with MAM analysis in BiopharmaViewTMsoftware.
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Introduction: Protein activity is mainly modulated by dynamic reversible post-translational modifications (PTMs)
such as site-specific phosphorylation, which regulates essentially all cellular processes. Despite continuous
improvements, global analysis of protein phosphorylation is still challenging due to its sub-stoichiometric nature and
low abundance.

Methods: We present a high-throughput IMAC based enrichment method to routinely quantify ~7000
phosphopeptides in 15 min of LC-MS/MS time on a Q Exactive HF-X MS [1]. But we have now reached the
sequencing speed limit for data-dependent analysis (DDA) for phosphoproteomics. To overcome this, we have used
data-independent analysis (DIA) for phosphoproteomics based on project-specific spectral libraries.

Results: To directly compare DDA and DIA in a biological setting, we performed a global kinase-substrate analysis,
where we treated EGF stimulated RPE1 cells with three different MEK inhibitors. Phosphopeptides were enriched
from only 200ug of peptides per sample using Ti-IMAC in 96-well format and analyzed with both DDA and DIA using
label-free quantification. For the DIA analysis we generated a project specific spectral library containing ~55,000
unique phosphopeptides. From the DDA analysis we quantified ~7000 phosphopeptides per sample, whereas from
the DIA analysis, we were able to quantify ~20,000 phosphopeptides per sample with few missing values. From the
DIA runs we were also able to reproducibly identify ~400 phosphotyrosine-containing peptides in each sample,
which is comparable to antibody-specific phosphotyrosine enrichments. Reassuringly, we found the same biological
kinase signature using both DDA and DIA with strong overrepresentation of proline-directed ERK substrate motif
sites among the inhibited phosphorylation sites.

Conclusions:DIA holds great promisefor rapid phosphoproteomics profiling with deep coverage and accurate label-
free quantification with few missing values.

Novel Aspect: Rapid DIA-based quantitative phosphoproteomics of hundreds of cell states
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Introduction:

Development of therapeutic mAbs includes real time and accelerated stability studies to address critical Quality
Attributes. Typically, these include e.g. protein structure, formation of particles as well chemical modifications of
amino acid residues. This case study presents results from LC-MS analyses of samples from a stability study of a
humanised IgG, which showed a storage temperature/ duration dependent increase ofunknown variants within HIC
analyses.

Methods:

Samples stored at -70 °C/ +5 °C/ +25 °C for 12 months and +30 °C for 6 months were analysed by LC-MS ESI Q-TOF
using a Waters UPLCI-Class coupled to a Waters Synapt G2-S.Performed analyses covered top down andmultiple
middle down analyses of IgG and its subunits usingreducing conditions and/orldeStreatment. Further analyses
included bottom up analyses like tryptic and chymotryptic peptide mappinganddetermination of free thiol levels and
disulfide mapping.

Results:

LC-MS top down analyses resulted in detection of slightly increased protein fragment levels for samples stored at
+25 °C and +30 °C,as well as detection of an additional hydrophilic light chain species without mass shift in middle
down analyses. Bottom up analyses of these samples (+25 °C/ +30 °C) by peptide mapping resulted in slight increase
ofmethionine oxidation, asparagine deamidation and aspartateisomerisation of DG motifs. Free thiol levels as well as
scrambled disulfides in disulfide mapping showed slight increases at +25 °C and +30 °C. In-depth data evaluation of
peptide mapping data indicated high levels of three additional retention time-shifted peptide species. These peaks
were further investigated by LC-MS including electron transfer dissociation resulting inthe identification of two
discretenon-DG aspartateisomerisation sitesin the variable domain of the light chain and one isomerisation site in
the hinge region of the heavy chain.

Conclusions:

LC-MSETD analyses of samplesstored at +25 °C/ +30 °Cdetectedelevatedisomerisation levels of three non-DG motif
aspartates. Two of them are located in the CDR1 and CDR2, therefore impact on the target binding was suggested.
Analyses like DLS, fluorescence spectroscopy, RALS, ITF, IR and UV absorbance detected no major differences. Thus
only in-depth LC-MS analyses revealed theroot cause of additional HIC peak. Identified isomerisationsiteswere
assessed as cQAs.

Novel Aspect:
Unexpected high isomerisation levels for three Aspartatesduring the accelerated stress study have been identified.
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Introduction:

Voltage-dependent anion selective channels are a quantitatively relevant component of the mitochondrial
proteome. They are located in the outer membrane, which separates the cytosol from the inside of the organelle [1]
and are responsible for the exchange of ions and small molecules in and out of mitochondria. Since the
mitochondrial intermembrane space has an oxidative potential, we have investigated the oxidation state of cysteine
and methionine residues of hVDACs.

Methods:

Intact mitochondria, extracted from HAP1 cell culture, were reduced with DTT, alkylated by addition of
iodoacetamide and then lysed. After centrifugation, the supernatant containing the mitochondrial proteins was
loaded onto a hydroxyapatite column. The hVDACs enriched eluate obtained was desalted, in-solution digested using
porcine trypsin or chymotrypsin, and the resulting peptide mixtures analyzed by UHPLC/High Resolution nanoESI-
MS/MS.

Results:

Our results demonstrate that the all the three mitochondrial hVDACs, in physiological state, contain all the
methionines partially oxidized to methionine sulfoxide. Furthermore, in the isoform 1 Cys127 is detected exclusively
in the oxidized form of sulfonic acid, while the Cys232 is observed totally carboxyamidomethylated. In the hVDAC2,
the cysteine residues 8, 13, 47, 133, 210, and 227 are only carboxyamidomethilated, Cys138 was identified
trioxidized, and the cysteines 76 and 103 are partially in the form of sulfonic acid. Finally, also for the isoform 3 the
results confirmed the presence of some cysteines (2, 8, and 229) reduced and the partial oxidation of Cys36 and
Cys65. The peculiar behavior of Met and Cys residues of hVDACs may be related with the accessibility of the protein
to a strongly oxidizing environment and may be connected with the regulation of the activity of this trans-membrane
pore proteins.

Conclusions:

In this work, adopting the same procedure developed for the structural investigations of rVDACs [2,3], a detailed
profile of the oxidation state of methionine and cysteine residues have been obtained in all the three human
isoforms. Our results demonstrate that the mitochondrial hVDACs, in physiological state, contains methionines
oxidized to methionine sulfoxide and cysteines in the form of sulfonic acid.

Novel Aspect:
The structural features elucidated by the present work may be helpful for a better understanding of the functional
role of these proteins in the cell.
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Introduction:

Analysis of protein phosphorylationby mass spectrometry serve as a powerful tool for biologists and clinical
researchers. However, the abundance differences as well as the variety of phosphorylation sites are pushing the
need for instruments with higher sensitivity and selectivity. Here we evaluate the performance of a dual trapped ion
mobility separation (TIMS) - QTOF that provides an additional dimension of separation and higher peak capacity.

Methods:

Phosphopeptides were enriched from 50-200 pg of proteolytic digests, separated using 15 to 90 min nano-HPLC
gradients (nanoElute, Bruker Daltonics) and analyzed on a timsTOF Pro instrument using the Parallel Accumulation
Serial Fragmentation (PASEF) method (Bruker Daltonics).Post-processing analyses were performed in PEAKS
(Bioinformatics Solutions Inc.) and MaxQuant (Jirgen Cox, Max Planck Institute of Biochemistry).

Results:

Applying the PASEF method on the timsTOF Pro instrument enables on average the selection of 12 precursors within
100 ms. In addition to the high speed, sensitivity in the timsTOF Pro is achieved by a close to 100 % duty cycle of the
dual TIMS cell design, cleanup of MS/MS spectra by ion mobility and time and space focusing in the TIMS analyzer.
Using the combination of speed and sensitivity in PASEF method we identified more than 66,000 peptide spectrum
matches (PSMs) resulting in around 25,000 unique peptides and 16,000 unique phosphopeptides within a 90 min
gradient run. In addition to m/z separation, phosphopeptides are separated by space to charge, which increases the
peak capacity with the most pronounced effect on very short gradients. Together, the high speed of PASEF
phosphopeptide separation in the m/z to Q/z space, combined lead to 7,000 and more than 10,000 unique
phosphopeptides identified at 15min and 30 min gradient times respectively, at a speed of up to 500 unique
phosphopeptides/min. Some of those separated phosphopeptides were isobaric.

Conclusions
TIMS-PASEF allows to increasephosphopeptide analysis depth and selectivity.

Novel Aspect:
High speed and sensitivity provided by PASEF for fast and comprehensive phosphoproteome analysis.
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Introduction:

Protein deimination is a post-translational modification of proteins converting certain arginines to citrullines.
Overcitrullination could be associated with severe pathological conditions. Mass spectrometric analysis of the
modified proteins is hindered by several problems. Based on our tandem mass spectrometric experiments, we
report here a new and pronounced amino acid effect.

Methods:

Model peptides containing either one or two citrulline residues as well as their native, arginine-containing variants
were synthesized. Their solutions were injected directly to the electrospray source of a high accuracy and resolution
qguadrupole-time of flight instrument and were analysed by tandem mass spectrometry using low-energy collision
induced dissociation.

Results:

A preferential cleavage site was observed at the amide bond of citrulline and any other following alpha amino acid
(Cit-Aaa) yielding intensive complementary b and/or y type ions. If citrulline was located at the C-termini of the
peptides, an enhanced cleavage of Aaa-Cit amide bond was perceived instead. These phenomena were described by
us for the first time [1] and was coined citrulline effect, analogously to ornithine effect reported previously [2]. Loss
of isocyanic acid from the citrulline side chains observed earlier [3] was also significant and effective for confirming
the site of modification.

Conclusions:

Fragmentation behaviour of citrulline containing peptides is similar to ones not containing them, however,
significant intensity differences can be observed due to the newly identified citrulline effect. The loss of isocyanic
acid is also a pronounced fragmentation pathway. Our results are in concordance with the mobile proton hypothesis.

Novel Aspect:
The citrulline effect facilitates the MS/MS confirmation of citrulline residues in a peptide sequence, besides the
neutral loss of isocyanic acid.
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Introduction:

Age-related diseasesare associated with alterations in energy metabolism and with chronic inflammation. Research
indicates that changes in energy metabolism are closely linked to gene expression via changes in histone acetylation
profiles, possibly leading to a pro-inflammatory phenotype [1]. To investigate the histone acetylation dynamics by
mass spectrometry, an efficient chemical acetylation reaction of unmodified histone lysine residues is necessary.

Methods:

Histones derived from RAW264.7 and 16HBE cells were chemically acetylated using stable isotope labeled acetic
anhydride in combination with different buffer systems;ammonium bicarbonate (ABC), triethylammonium
bicarbonate (TEAB) orsodium borate (SB). After in-solution tryptic digestion, peptides were analyzed by liquid
chromatography tandem-mass spectrometry (LC-MS/MS).Chemical acetylation efficiency was assessed by using
Xcalibur software.

Results:

LC-MS/MS analysis resulted in identification of histone proteins (H1, H2A, H2B, H3 and H4) with a high sequence
coverage, between 86% and 98%. The average acetylation efficiency of 14 selected lysine residues of the core
histone proteins H2A, H3 and H4 was significantly increased by using isotopically-labeled acetic anhydride in
combination with either the TEAB and SB buffer (on average 99.6%) compared to the ABC buffer (94%). For some
acetylation sites (for example H3K14, H3K56 and H4K20), no considerable differences in the acetylation efficiency
were observed between the three different buffer systems.For other acetylation sites (for example H3K18, H3K79
and H4K20), the acetylation efficiency achieved by the TEAB and SB buffer was significantly increased compared to
the ABC buffer. Complete acetylation of the histone 4 4-17 peptide, which contains four lysine residues, was
significantly increased as well by using the TEAB and SB buffer (95%) compared to the ABC buffer (84%).

Conclusions

Chemical acetylation of unmodified histone lysine residues by using isotopically-labeled acetic anhydride in
combination with TEAB or SB provided, in contrast to ABC, a sufficient acetylation efficiency (>95%). This acetylation
method can be used to study the histone acetylation turnover in age related diseases. Furthermore, the method can
be used to study the effects of histone deacetylase (HDAC) inhibitors on the acetylation status of specific lysine
residues.

Novel Aspect:
Acetic anhydride in combination with SB results in an almost complete chemical acetylation of histone lysine

residues. SB outcompetes the more commonly used ABC buffer.
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Introduction

Free radical oxidation in the human body causes the accumulation of oxidized forms of proteins, which have an
impaired function and can also be used as the markers of many pathological conditions, induced diseases such as
cancer, nephropathy, and cardiovascular diseases. High resolution mass spectrometry approach is promising for
characterization of oxidative protein modifications by reactive oxygen species (ROS) [1].

Methods
Protein isolation, analyses of enzyme activity and the polymerization of fibrinogen were accomplished as described
in [2,3,4]. After the oxidation of samples by ozone or HOCI, the proteins were hydrolyzed, using a suitable technique
for each protein. HPLC-MS/MS experiments were performed on an Agilent 1100 nanoLC (Agilent Technologies, USA)
coupled to 7T LTQ-FT Ultra (Thermo, Germany). PTM searching was carried out by PEAKS Studio software (v. 8.5, BSI,
Canada).

Results

The site-specific oxidative modifications in the proteins (fibrinogen, plasminogen, fibrin-stabilizing factor) under
induced oxidation in model systems with various oxidants were analyzed by HPLC-MS/MS method.

Oxidative modifications have been found in some functionally significant amino acid residues, as well as in sites
whose function remains unclear and should be further investigated.

The variation of the coverage in native and oxidized samples is compared. These results obtained were also used to
analyze the effect of oxidation on the structure of the protein molecules [5].

Interestingly, along with the sulfur-containing residues of Met and Cys, aromatic residues of Tyr and Trp, polar
residues of Glu, Lys, and Asp and non-polar Pro residues, are also targets for the oxidants.

The information obtained by biochemical methods in complex with HPLC-MS/MS data, make it possible to suggest a
mechanism for the functional propertyloss of proteins underoxidation.

Conclusions

The data obtained make it possible to evaluate the availability of amino acid residues of proteins for oxidants under
conformational changes in enzyme molecules, to reveal oxidation sites and the degree of oxidation of amino acid
residues by using different concentrations of oxidants. Moreover it is one maysuggest the mechanism for the
functional property loss of proteins underoxidation [6].

Novel Aspect

High resolution mass spectrometry based approach was developedfor the characterization of plasma proteins
oxidative modifications by ROS.

Keywords: Proteins, ROS, PTM, fibrinogen, fibrin stabilizing factor, plasminogen, HPLC-MS/MS
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Introduction:

Oxidative PTM’sof proteins and peptides play a role in many signaling pathways with potentially drastic changesin
structure and activity of this molecule bydistinct chemical groups [1].Creating a library of such PTM’s facilitates
global mapping of PTM’s in mammalian tissue and ultimately foster understanding of complex redox controlled
processes, e.g. wound healing. Here, cold atmospheric plasma (CAP) was used as means to simulate oxidative
conditions on various peptides.

Methods:

Different CAP sources were used for a determined modification of the model peptides Bradykinin, Angiotensin, and
the artificial peptide LYTFAHD. The resulting products were analyzed by LC-HRMS/MS-measurements (Q
Exactive™)bydirect infusion ESI or by LC-ESI coupling using a PepMap column. A workflow for the identification of
the modified peptides with various MS software solutionswas developed by using different algorithm for an optimal
result validation.

Results:

Using manual annotation, a time dependent increase in number and quantity of PTM’s was observedfor the plasma
treatment.Single and double oxidation and hydroxylation were identified in high intensities. For Bradykinin,the
observed adducts werecompared with literature [2]showing that onlyup to five oxygen adducts were foundafter
kINPen treatmentinstead of 10 as described for the COST-jet. In contrast, the synthetic peptide carried up to 10
oxidation adducts after 5 minutes of plasma treatment. The two amino acids phenylalanine and tyrosinewere
oxidized particularly efficient. Investigation of additional modification patterns are currently under way. After testing
different evaluation softwares for a manual identification of the PTM’s, the next step will be theoptimization of
asemi-automatic workflow for PTM annotation and quantification by using isotopic labeled peptides.

Conclusions:

Cold physical plasma can act as a rich source for oxidativePTM’s of a peptide, with numerous modifications detected
by LC-ESI-MS in the model used. Plasma sources differ in modification efficacy, e.g.the He-COST-Jet is more effective
than Ar-kINPen, due to the presence of atomic oxygen. Using cold plasma, an oxidative and nitrosative focused PTM-
library for peptides and amino acids is under construction and should ultimately forecast PTMs in complexsamples.

Novel Aspect:
Usage of cold physical plasma as a tool to create an oxidation focused PTM library using relevant model peptides
with the ultimate goal of predicting PTMs in complex samplers.

Karve T. M., Cheema A. K.,J. Amino Acids, 2011, 1-13 (2011).
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Introduction:

Sorghum isa cereal crop noted for its ability to survive water-limiting conditions. We are studying epigenetic control
of drought responses in sorghum to understand how to equip similar crops to better survive climate change, and
also potentially design ways to increase yield under low-water conditions. This study focuses on understanding
changes in sorghum histone modifications through developmental stages and in response to drought stress in two
genotypes.

Methods:

Sorghum leaf tissue was collected in the field at Kearney Agricultural Research & Extension Center (Parlier, CA, USA)
and frozen in liquid nitrogen on-site. Nuclei were extracted from ground leaf powder and lysed. Histones were
purified from the lysate with weak cation exchange chromatography and directly analyzed with reversed phase
liguid-chromatography (Waters NanoAcquity) mass spectrometry (Thermo LUMOS Orbitrap). Data were processed
with TopPIC.[1]

Results:

Sorghum plants from pre-flowering(PreF) andpost-flowering(PostF) drought-tolerant genotypes, RTx430, and
BTx642, respectively,[2] werereplicated in 3 plots. All plots were watered prior to planting. Thecontrol and PostF
plots werewatered from the 3rd week. The PreFplotsexperienced 8 weeks of drought fromplantingto flowering.
ThePostF plotsexperienced droughtafter flowering in week 9 through harvest. We analyzed leaf histones from the
3rd, 9th and 10th week. LCMS experiments identified >300 histone proteoforms out of ~30 histone proteins (unique
FASTA entry) per sample, including two distinct subtypes of H2A around 16 and 14kDa, respectively. Most notably,
comparative analysis revealed significant differences in the relative abundances of truncated H4 proteoforms, which
showed highly elevated levels only at week 9 for leaves from control and PreFplots from BTx642, and week 10 for
PreF in RTx430. The distinct responses imply that H4 clipping is related to post-flowering development and
epigenetic control of drought resistance.

Conclusions

Earlier studies have suggested regulatory functions of H3/H4 clipping on nucleosome conformation and dynamics.[3]
However, it is challenging to characterize histone clipping and other combinatorial modifications using standard
bottom-up proteomicsmethods [4—6].Herein, we demonstrate the potential of top-down MS in profiling
combinatorial histone modifications to improve our understanding of these elusive epigenetic control mechanisms.
Novel Aspect: (Limit of 150 characters without spaces)

First comprehensive top-down study of histones extracted from sorghum plants grown in the field reveals significant
changes of modifications related to drought resistance.
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Introduction:

G-quadruplexes are guanine-rich sequences mostly found in promoters and telomeres associated with key cellular
processes [1-2]. They are polymorphicin terms of number of tetrads, strands orientation, cation involved and loop
arrangement[3]. Here we are using lon mobility mass spectrometry (IM-MS) to characterize conformations of diverse
sequence topology in native MS buffer [4]. This is further supplemented by 1HNMR, CD and UV melting.

Methods:

All IM-MSexperiments were performed on Agilent 6560 IMS-Q-TOF in negative ion mode with Helium in the drift
tube [5]. All circular dichroism (CD) and UV melting experiments were carried out on Jasco J-815 and SAFAS UV mc?
spectrophotometer at 25°C. All IHNMR experiments were performed on Bruker Avance 700 MHz with TXI probe.
The theoretical CCS values for each charge states were calculated from Gaussian optimized conformations by
modified EHSS method by Siu et al. [6-7].

Results:

CD in native MSbuffer (100mM TMAA+1mMKCI) shows preservation ofthe high-[KCI] G-quadruplex conformation.
This is further supportedby thelHNMR spectra of the imino proton (10-14 ppm) regions, which agree well with the
literature. ESI-MS shows amajor population of 2-K+complex for all 3-quartet conformations,and also a 1-K+complex
(2-quartet) for a few human telomere sequences. The collision cross-section (CCS) distributionsare broad for all
hybrid and anti-parallel conformations,and narrower for parallel conformations. For a given sequence length and
charge state, the loop configuration, quartet polarity, bulges and flanking bases give rise to significant differences in
CCS. The starting PDB structures give a higher theoretical CCS values compared to experimental ones.The structure
neutralized to match the experimental charge states are optimized in the gas phase at the semi-empirical PM7 level
andclosely match the experimental CCS values. EHSSrot (Siu parameters) or the TM are used to calculate the
theoretical CCS values.

Conclusions:

Most examined G-quadruplexes fold with the same topology in native MS (1 mM KCl) and traditional high KClcontent
buffers. IM coupled with ESI-MS is able to distinguish different shapesformed in solution. With these well-
characterized G-quadruplexes, we validate the gas-phase structure optimization with PM7 to generate 3D models
from which to calculate the CCS values.

Novel Aspect:
G-quadruplexes fully characterized by CD, UV and NMR in MS-compatible solutions were used to validate the
interpretation of IM-MS data in terms of structure.
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Introduction:

LILBID-MS is a soft ionization method for mass spectrometry in which non-covalent complexes are transferred into
the gas phase via microdroplets of a native-like aqueous buffer, which are irradiated by a mid-IR laser pulse.l This
leads to an explosive expansion of the sample droplets and release of ions into vacuum. As a result of the desorption
process, the ions receive an energy input from the laser pulse, which can be controlled via laser energy transfer
parameters.

Methods:

This technique is able to detect intact ssDNA and dsDNA.Here we use DNA strands, which consist of 15-20 bp.

Under soft laser conditions, we observe nearly no dissociation of the duplex DNA, while harsh conditions lead to the
complete dissociation of the dsDNA. We can create melting curves of dsDNA with LILBID by use of a heatable droplet
generator. Comparison of LILBID melting curves with UV/Vis shows how LILBID can monitor the solution behavior of
DNA.

Results:

The tolerance of LILBID-MS towardsdifferent buffers and high salt concentrations enables the use of the
temperature-independent MgHPO4 buffer. These buffer conditions ensure the stability of double helices without
compromising the spectral resolution. By increasing the temperature of a sample we can achieve different
dissociation states of dsDNA. To calculate the duplex ratio, the total peak areas of duplex signals were divided by the
sum of all peaks. Plotting the calculated duplex ratio against the temperature of the solution allows the
determination of an apparent melting temperature (Tm) of dsDNA because the shape of curves recorded by LILBID-
MS mimics the sigmoidal fit of melting curves recorded by UV/Vis spectroscopy.The detected Tm reflects the length
of the dsDNAs.Comparison of the apparent LILBID Tm with the measured UV/Vis Tmallows assessing the amount of
dissociation caused by energy transfer during the desorption process.

Conclusions:

Double-stranded DNAs as non-covalent complexes are suitable for investigating dissociation caused by energy
transfer to the molecules during LILBID desorption. Apparent melting curves from LILBID-MS correlate with melting
curves recorded by UV/Vis spectroscopy, indicating that LILBID-MS can give reliable information on binding affinities
of bimolecular compounds.

Novel Aspect:

The method of creating melting curves of dsDNA via LILBID-MS allows the assessment of the amount of transferred
energy during the desorption process.
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Introduction

The discovery of dynamic post-transcriptional modifications (PTMs) of ribonucleic acid (RNA) including N6-
methyladenosinesaffectstranscriptome, emerging field of ‘epitranscriptomics.’Althoughits analysisrequires a general
sequencing method ofmodified nucleosides on RNA, conventional methodsfail to provide such information. We
present here an MS3-based method to sequence positional isomers of methylnucleosides in RNAs.

Methods

Base-methyl adenosines (mAs), cytidines (mCs), guanosines (mGs), and uridines (mUs)wereanalyzed by pseudo MS3
[1] with a Q-Exactive; a base anion generated by in-source collision-induced dissociation (sCID) of each nucleoside
was fragmented by MS/MS to obtain itscharacteristicpattern. An RNase T1 digest of tRNA-Phe was sequenced by
nano-flow liquid chromatography-MS/MSin data-dependent [2] and pseudo MS3 [1] modes. The data were
processed by Ariadne [3].

Results

To sequencemonomethylnucleosideisomers in RNA, we extended the pseudo MS3 method [1]. We inspected sCID
spectra of RNase-digested oligonucleotides containing mono-methyl nucleoside in detail and confirmedan ion at m/z
225.02 exclusively from 2’0O-methylated oligonucleotides and another ion at m/z 148.07 specific for the
methyladenine (mAde)-containing oligonucleotides. To further distinguish those mAdeisomers, we examinedtheir
fragmentations using commercially available mAs; we found eachsCID generated mAde anion exhibited a
characteristic product-ion pattern for each mA isomer. Likewise, we defined the MS3-derived signature patterns for
mCs, mGs and mUs. We then validated the method by determiningthe chemical structure of yeast tRNA-Phe, which
is mono-methylated at 8 positions out of 76 nucleotides.The MS3-based analysis of itsRNase T1 digest (500 fmol)
unambiguously confirmed the site and positional isomerism of all monomethylnucleosides in the tRNA. The method
will be applied to sequence methylnucleosides on any RNAs.

Conclusions

We have established signature fragmentation patterns for mAs, mCs, mGs and mUs and, using them in the pseudo
MS3 method, sequenced monomethylnucleosides on RNA. In addition, the method should extend to the other
nucleosides, e. g. dimethyl ones. Because the method is applicable to a sub-picomole quantity of RNA sample, it will
serve as a useful tool for analyzing the structure/function of cellular RNAs and toward the comprehensive
understanding of epitranscriptome.

Novel Aspect
A pseudo MS3 analysis allows discrimination of a monomethylnucleoside from its positional isomers with a sub-
picomole quantity of RNA.
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Introduction:

TEAD transcription factors mediate gene expression regulation through interactions with their DNA response M-CAT
motif. They are active during growth and development and activate gene expression of proteins responsible for cell
proliferation, differentiation or apoptosis. To understand the principles of interaction between TEAD1 and M-CAT
motifs originating from regulatory regions of human genes, several structural mass spectrometry techniques were
used.

Methods:

TEAD1 DNA binding domain (TEAD1-DBD) was expressed in E.coli. Fluorescence anisotropy was used to determine
KDfor TEAD1-DBD/M-CAT complexes. H/D exchange was carried out for DNA-free TEAD1-DBD or in complex with
each M-CAT motif. DSA in non/13C-labelled forms was used for quantitative cross-linking. LCMS analysis was
performed on 15T solariX. Structural models were built using MODELLER and in vivo quantification of M-CAT
occupancy was determined byChIP-Q-PCR.

Results:

According to KDvalues, tested M-CAT motifs can be divided into two groups one with ten times higher affinity to
TEAD1-DBD than the other. H/D exchange results revealed differences in deuterium uptake in helix H3, part of helix
H2 and in the loop connecting them, identifying this as DNA-binding region. In correlation with dissociation
constants, protection from deuteration in higher-affinity complexes was more intense than in low-affinity
complexes. Quantitative chemical cross-linking resulted in 14 distance restrains. Three of them were not affected by
presence of DNA, two were favored in presence of M-CAT and eight constrains were discriminated by DNA binding.
Cross-link formation ability of lysines K57 and K88 significantly decreased in complexed state. Again, the effect of
high-affinity duplexes was more significant than the effect of low-affinity ligands. H/D exchange and cross-linking
results allowed creation of TEAD-DBD/M-CAT structural models.The chromatin immunoprecipitation confirmed such
observation in living cells.

Conclusions

Experimental data uncovers higher affinity of TEAD1 to 5’-3’ than 3’-5’oriented M-CAT motifs and enables molecular
docking of TEAD1/M-CAT complex. Based on structural models TEAD1 recognizes its response motif by the shape of
DNA major grove and the complex is stabilized by specific aminoacid-nucleotide interactions. TEAD1 binds to
inverted M-CATs 1802 degrees rotated, less and weaker bonds are formed. Such observation correlates with the in
vivo situation.

Novel Aspect:
Structural mass spectrometry sheds a light on the tumorigenesis orchestrated by TEAD1 transcriptional factor.
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Introduction:

The determination of nucleoside triphosphates and cyclic dinucleotides in cells is of interest for various issues: The
cyclic dinucleotides adenosine monophosphate-guanosine monophosphate (cGAMP) and diGMP could be a tumor
marker in human fibroblasts. The quantification of deoxynucleoside triphosphates (dNTPs) and the corresponding
ribonucleotide triphosphates (NTPs) can be used to measure enzyme activity in knockout cells

Methods:

ATP and dGTP are isomers, CTP, UTP and dTTP have very similar masses. Therefore a complete chromatographic
separation was an aim of the study. An HPLC-Method with a reversed phase column and a mobile phase gradient
were applied to separate all analytes in less than 10 min. Two transitions per substance were used in multiple
reaction monitor (MRM) mode of the tandem mass spectrometer.

Results:

An 8-point external calibration curve in buffer at the range from 7.8 — 1000 ng/mL for 10 nucleoside triphosphates
and cyclic dinucleotides was prepared and measured with samples of the assay. Quantification was performed by
peak area method. A weighted (1/x) regression first order was performed to determine the concentration of the
analytes. The calibration curves were accurate and precise over the range from 7.8 — 1000 ng/mL and the correlation
coefficient (r) exceeded 0.996 in all cases. The concentrations 7.8 and 1000 ng/mL are the lower and the upper limit
of quantification (LLoQ and ULoQ). Coefficients of variation and accuracy were calculated for each standard and are
supposed to vary by less than 15%. All tested real samples contained nucleotide. To estimate the matrix effect, the
samples were additionally analyzed by the standard addition method.

Conclusions

A simple and sensitive LC / MS / MS method was developed to separate different, partially isomeric nucleotides. The
method provides a convenient tool for measuring intracellular dNTP / NTP levels that can be used to measure the
molecular phenotype of mouse cells. In addition, cyclic dinucleotide concentrations in human cells were determined
to be potential tumor markers.

Novel Aspect:

The novel aspect of the study is that with only one measuring method different nucleotides in different matrices can
be determined simultaneously for different questions.
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Intro (400 Characters w/out spaces)

Aptamers are Nucleic Acids (NAs) capable to bind selectively to a ligand, or to a family of molecules. In aptamer-
based technology (e.g., drug delivery or sensors), it is crucial to understand how binding is occurring, to quantify
affinities, and how they can be tuned.We interrogated several RNA and DNA aptamersby native MS and ion mobility,
to understand how they fold upon binding and which quantifications limits are attainable.

Methods (400 Characters w/out spaces)

All NAs are analysed in MS-compatible solutions such as TMAA or NH40Ac with Mg2+ and K+(when needed) to
mimic bio-relevant conditions.An Agilent 6560 ESI-IMS-Q-TOF in negative modeis used for most experiments and CCS
were determined in helium. A Waters SynaptG2 HDMSis used for IMS comparisons on cocaine aptamers.A MicroCal
ITC 200 is used asan independent measurement of KDs. UV-melting and CD in solution is used to get information
about NAs folding state in solution.

Results (900 Characters w/out spaces)

Among the different systems tested, only DNA Cocaine aptamers MN4, MN19 and ORS8 [1] and RNA Tetracycline
aptamer [2] are giving significant conformational change upon binding by IM-MS.Although for tetracycline complex
and free-aptamer two distinct conformations are present, cocaine aptamers are showing a transition between two
conformational ensembles only for the free-aptamer ion. For cocaine aptamers CIU on charge state 7- is best
revealing their relative stabilities in gas phase in function of length.

Unfortunately, UV-Tm and CD do not allows to predict the conformational space in gas phase for the NAs tested. But
we had recently evidence that collapsing can occur on duplex structures in gas phase [3].

Besides their shape, aptamer-ligand affinities aredeterminedby MS-titration using a dT6 internal standard [4], and
we defined the lower and higher KD attainable.ITC and MS KD values are comparable, both in TMAA and NH40Ac.
For Malachite green and Cocaine aptamer MS data were precious to clarify the number of sites on ITC.

Conclusions (400 Characters w/out spaces)

Hairpin patterns in Aptamers are prone to compact and lose the in solution structure “memory” during ESI, if the
charge states are too low. Here we show for the first time two cases, Cocaine (bound-form) and Tetracycline
aptamers, where bound and unbound-form are giving distinct IMS signature at some charge states.We also suggest
nativeMS as an independent quantification technique and to reconcile puzzling data from ITC and NMR.

Novel Aspect (150 Characters w/out spaces)

We discuss the advantages and limitations of native MS and ion mobility of DNA and RNA aptamers and their ligand
complexes
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Introduction:

Synergistic tandem mass spectrometry and computational chemistry approaches enable questions related to the
structure, energetics and reactivity of nucleic acids and their building blocks to be investigated. Here the effects of
modification and the local environment on nucleoside conformation and glycosidic bond stability and the reactivity
of nucleic acids with potential drug candidates (amino glycoside, peptide and metal-ligand complexes) are
presented.

Methods:
Several types of tandem mass spectrometers (GIBMS, QITMS, and FT-ICR MS) and approaches including: threshold,
energy-resolved, and sustained off-resonance collision-induced dissociation (TCID, ER-CID, and SORI-CID) and
wavelength-resolved infrared multiple photon dissociation (IRMPD) action spectroscopy, complemented by
electronic structure calculations of the stable structures, energetics, IR spectra, and reactions mechanisms are
employed.

Results:

Combined IRMPD action spectroscopy, TCID, ER-CID, and computational chemistry studies of the protonated and
sodium cationized forms of the canonical DNA and RNA nucleosides as well as a variety of naturally occurring and
synthetically modified nucleosides have been performed. The preferred sites of protonation or sodium cationization,
nucleobase orientations, sugar puckerings, conformers populated by electrospray ionization, and glycosidic bond
stabilities are determined. The reactivity and preferred sites of binding of potential drug candidates with pre-micro
and ribosomal RNA hairpins are elucidated using top-down sequencing and SORI-CID approaches. The RNAs
investigated include: Helix 69, a hairpin RNA structure containing 19 nucleotides in the large subunit of the
ribosome, and TAR, the HIV trans-activation response element, a hairpin RNA that acts as the binding site for the Tat
protein. Drug candidates examined include: cisplatin and a series of amino acid-linked cisplatin derivatives, amino
glycosides, and peptides.

Conclusions

The structures and glycosidic bond stabilities of protonated and sodium cationized canonical and modified
nucleosides provide insight into structure-function of these genetics building blocks, evolutionary aspects of roles of
modification, and impact of unnatural modifications. The binding and reactivity of drugs to RNAs provide insight into
structure-function of functional RNAs, and sample preparation lessons for achieving quality mass spectral analyses.

Novel Aspect:

Effects of local environment/modifications on structures/stabilities of nucleosides are elucidated. Reactivity/binding
sites of drug candidates to RNAs are determined.
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Introduction

An advanced lon Pair Reverse Phase (IP RP) LC MS characterization method for impurities co-eluting with the main
component is currently available and extensively used in our labs for release and stability testing of oligonucleotide
therapeutics. However, the method requires individual extraction of each impurity with integration of the resulting
ion chromatogram. For certain applications, e.g. optimization of synthesis conditions, purification development or
evaluation of reagents, the number of samples requiring analysis is often large, but a semi-quantitative
determination comparing impurity levels between the samples is sufficient.In this work, a process is described for
using the average mass spectrum of the main product LCMS peak to automatically determine the amounts (%area)
of the co-eluting impurities.

Methods

lon Pair-Reversed Phase (IP-RP) HPLC chromatography coupled to low- and high-resolving power mass
spectrometers has been used for the experiments using Agilent instrumentation. For an oligonucleotide drug
component a list of chemical formulas of known impurities is generated using an established template. An algorithm
was developed to automatically determine the isotopic distribution of each formula and its most abundant mass
(MAbM). For each chemical formula, a list of MAbMs is determined corresponding to the charge states of the
impurity in the ESI spectrum. An average mass spectrum is obtained by summation of the signal across the main LC
peak incorporating the trace impurities. The relative amounts of the co-eluting impurities are determined by
integration of the peak abundances of each species determined in the spectra.

Preliminary Data
The method has been extensively applied for the automated comparison of co-eluting oligonucleotide impurity
levels in samples.For five different oligonucleotides, results have also been compared to those obtained by the
guantitative conventional method,and were in very good agreement. The average absolute difference between the
two approaches was 0.3%, withthe best agreements achieved when the square root of the measured ESI abundance
was used for the calculations. The repeatability of the method was evaluated, indicating an average standard
deviation of 0.04% (calculated from all detected species).Application of the method for monitoring impurity changes
in different lots of drug product readily identified the specific impurities statistically deviating from established
values. Principal component analysis (PCA) was used to determine outliers. The loadings of PCA analysis were used
to classify a set of 10 oligonucleotides in classification groups according to similarities in the formation of the same
type of impurities. A plot of the PCA scores outlined the impurity types primarily contributing to the classification.
For some impurities, multiple linear regression revealed a linear dependence of the total amounts detected to the
number and type of a combination of base residues in the oligo. The current approach due to its rapidity and
simplicity can be readily applied to determine relationships between the impurities detected and the experimental
process development and manufacturing conditions potentially affecting them.

Novel Aspect
Development and application of an automated approach for the determination of impurity species co-eluting with
the main oligonucleotide drug component.
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Introduction

In spite clinical successes for treating different types of tumors, cisplatin [cis-Pt(NH3)2(CI2)]displays severe toxic side
effects and therapy resistance. This has motivated searches for structurally and/or functionally analogous
alternatives, leading to carboplatin and oxaliplatin as second and third-generation platinum drug. The aim of this
work is to study the interactions occurring in the gas phase between these two drugs and a set of DNA building
blocks.

Methods

10-4M water solutions of either carboplatin or oxaliplatin and analyte (5’-dGMP) or (5’-dAMP) were mixed together
and stored at room temperature for 24 h, to allow the formation of the different complexes.Complexes were
generated in the gas phase by electrospray ionization. Their structure was probed by combining mass spectrometry
and IRMPD spectroscopy to DFT calculations at the B3LYP/6-311G(d,p) level.

Results

This combination of approaches allows operating in the gas phase, which makes it possible to overcome any solvent
or counter-ion effect, and thus allows describing the intrinsic reactivity of the metal cations. Presently, the
complexes generated in the gas phase with adenine(A) and guanine (G) nucleobases are of the type [(platinum
drug)H(nucleobase)]+. OurDFT survey indicates that protonation preferentially occurs on one of the carbonyl group
of both oxaliplatin and carboplatin. This is consistent with mechanisms proposed in previous studies.[1,2]
Comparison between IRMPD spectra and DFT calculations suggests that both oxaliplatin and carboplatin specifically
interact with the N7 position of guanine. This interaction mode is therefore similar to what was observed with
cisplatin.[3] Data obtained with adenine are more delicate to interpret. IRMPD spectroscopy points to a mixture of
structures of comparable relative energies with both platinated agents, corresponding to different coordination
schemes.

Conclusions

The present study shows that the interactions occurring between these two platinum drugs are similar to those
observed with cisplatin. Concerning guanine, the interaction specifically occurs at the N7 position, in agreement with
the remarkable stability of the corresponding structures. As for adenine, interaction with either N1, N3 or N7 sites
results in structures which are close in energy, in agreement with the mixture of forms observed experimentally.

Novel Aspect
To our knowledge, this work is the first gas-phase experimental study of the interactions taking place between
carboplatin and oxaliplatin, with A and G.
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Introduction

Messenger RNA (mRNA) is a promising therapeutic agent with potential uses in cancer therapy, gene therapy, and
cell reprogramming. The stability of mRNA largely depends on the 3’- end and 5’- end structures, which are targets
for enzymatic degradation. Chemical modifications in those regions can be introduced into in vitro transcribed
mRNAs in order to confer on them resistance to degradation and increase their translation efficiency,thereby
increasing their therapeutic potential.

Methods

We developed an LC-MS method for quantitative assessment of incorporation of ATP analogs modified at the a-
phosphate (ATPaS, ATPaBH3) into transcripts by RNA polymerases. Modified RNA was enzymatically degraded to
single nucleotides, which were then resolved and quantified by ion pair chromatography coupled with ESI-QQQ. In
order to improve the quantification, we synthesized RNA degradationproducts labelled with heavy oxygen (180)
within the phosphate and used them asinternal standards.

Results

We obtained chemically modified RNA by in vitro transcription, wherein standard ATP was replaced or mixedat
different ratios with an appropriate chemically modified ATP analog (ATPaX) containing an O-to-X substitution (X=S,
BH3) at the alpha phosphate and differing in stereochemistry (SPversus RP).The assessment of efficiency and
frequency of incorporation of the modified NTP versus natural NTP by SP6 and T7 RNA polymerase was analyzed by
LC-MS. First, RNA was subjected to complete degradation into single 5’-nucleotidesby SVPDE enzyme. The
concentrations of AMP and phosphate-modified AMP analog (AMPX) in the resulting mixture wasquantified by LC-
MS method employing 180-labelled standards. The analysis of AMP:AMPX ratio in the analyzed transcript as a
function of ATP:ATPaS ratio in the transcription reaction provided insights into the structure of RNA as well as
substrate stereoselectivity of RNA polymerases.

Conclusions

Proposed LC-MS quantitative method enabled determination of frequency of incorporation of different modified
nucleotides into in vitro transcribed RNA, thereby it providing a tool for establishing mRNA structure-biological
properties relationship.

Novel Aspect

The proposed procedure could contribute to popularization of the application of low resolution equipment in the
analysis of large molecules such as nucleic acids.
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Introduction:

G-quadruplexeswidely exist in genome and transcriptome [1],which have been considered as promising therapeutic
targets [2]. However, reports about RNA G-quadruplexes are relatively fewer [3,4] and factors that influence high-
order RNA G-quadruplex formation are still under to be investigated. In this study, ESI-MS was utilized to study the
formation and properties of a RNA G-quadruplex formed by miR-1587.

Methods:

Most of the ESI-MS experiments were performed on a Finnigan LCQ Deca XP Plus ion-trap mass spectrometerin the
negative ion mode.The high resolution ESI-MS spectra were collected on a Bruker SolariX XR FT-ICR mass
spectrometer with a 9.4T magnet.All the CD experiments were carried out on a JASCOJ-815 CD
spectrometerequipped with a Peltier junction temperature controlled cell holder and a 1.0 cm cell.

Results:

A guanine-rich human mature microRNA, miR-1587, was discovered to form stable intramolecular G-quadruplexes in
the presence of K+, Na+ and low concentration of NH4+ (25 mM) by electrospray ionization mass spectrometry(ESI-
MS) combined with circular dichroism(CD) spectroscopy.Furthermore, under high concentration of NH4+(100 mM)
or molecular crowding environment, miR-1587 formed a dimeric G-quadruplex through 3’-to-3’ stacking of two
monomeric G-quadruplex subunitswith one ammonium ion sandwiched between the interfaces. In contrast, DNA-
1587 and dU-DNA-1587 sequences also formed three-layer G-quadruplexes, but was less stable and could not form
dimeric G-quadruplex structures. Specifically, two synthesized jatrorrhizine derivatives with terminal amine groups
could also induce the dimerization of miR-1587 G-quadruplex and formed 1:1 and 2:1 complexes with the dimeric G-
quadruplex. In contrast, jatrorrhizine could bind with the dimeric miR-1587 G-quadruplex, but could not induce
dimerization of miR-1587 G-quadruplex.

Conclusions:

In this study, the formation and property of intramolecular miR-1587 G-quadruplex were investigated. High
concentration of NH4+, molecular crowding environment and two jatrorrhizine derivatives were discovered to be
capable of inducing the formation of dimeric miR-1587 G-quadruplex.The results expanded our knowledge of RNA G-
qguadruplexes and provided new insights into the targeting of higher-order structures of miRNAs to regulate their
functions.

Novel Aspect:
A dimeric miRNA G-quadruplex was first found by ESI-MS under high concentration of NH4+ or molecular crowding
environments.
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Introduction:

Traditionally, chemical cross-linking is performed using NHS esters that react with nucleophilic groups. However,
they are easily hydrolysable and have low solubility (sulfonated versions are very expensive). Reaction time,
temperature and coverage are also suboptimal. Here, we describe a new cross-linking chemistry (Acid XPlex)
overcoming these limitations using cheap, easily available reagents.

Methods:

Myoglobin and cytochrome C were subjected to cross-linking reaction using XPlex activated adipic acid at 5, 15 and
27 Celsius degrees, followed by tryptic digestion. Samples were subjected to MS and MSMS analysis a Q-TOF and an
Orbitrap Fusion Lumos. Data were interpreted using Waters MassLynx and SIM-XL software. Cross-linking reactions
using DSS were also performed for comparative reasons.

Results:

After condition optimization steps, reaction of myoglobin using adipic acid at 27 Celsius degrees showed 9 cross-
linker molecules incorporation per protein compared to 6 of DSS. This difference is even more pronounced at lower
temperatures where at 5 degrees only 2 DSS incorporations were observed, compared to 8 of adipic acid. The same
results were obtained when using cytochrome C as the target protein. The method also allowed for a reduced
reaction time (from 2 hours using DSS to 30 minutes using adipic acid), Another advantage of XPlex chemistry is the
broader reactivity as cross-links are observed between Lys/Lys, Lys/Ser, Ser/Ser, Lys/Glu, Lys/Asp, Ser/Glu and
Ser/Asp residues, improving the protein surface coverage and number of distance constraints. Special algorithms
have been implemented in SIM-XL software to efficiently identify these multiplex cross-links.

Conclusions:

The Acid XPlex method presents several advantages over the use of NHS based cross-linkers, such as higher
solubility, reduced reaction time, lower reaction temperatures, higher incorporation rates and, more importantly,
broader reactivity and protein surface coverage, showing a potential to expand the use of XL-MS to proteins
unstable in solution at higher temperatures or for prolongated periods.

Novel Aspect:
Novel chemical cross-linking chemistry with improved incorporation rates and reactivity at low temperatures.

For information please contact: scientific@imsc2018.it
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Introduction:

Intact antibody sequencing is one of the goals in current mass spectrometry. Electron capture dissociation (ECD)
provides unique features ontop-down sequencing of proteins, which can be an ideal tool to analyze intact
antibodies. We have developed a small and high throughput ECD device based on an RF ion trap [1]. This technology
was applied to an antibody. We also implement an online disulfide bond reduction technique [2].

Methods:

The ECD cell [1] was installed between Q1 and Q2 in a research grade quadrupole-TOF system. Typical electron beam
irradiation time was 10 ms, and the electron beam intensity was tuned to obtain appropriate dissociation efficiency.
The mass resolution of the TOF-MS is 35,000-47,000, which resolved isotope patterns of fragments up toZ~30+. A
desalting LC column (Waters) was used for desalting, online reduction [2], and LC separation.

Results:

Humanized monoclonal 1gG (NIST-mAb) was obtained from NIST.This mAb was analyzed by the LC-ECD-TOF mass
spectrometer. De novo sequencing on the intact ECD spectrum obtained by a single LC run indicated three
sequences, and two of them were matched to N terminal partial sequences of the variable parts in a light chain and
a heavy chain appeared in the human genome. The intact ECD spectrum was further analyzed in top-down manner
using the suggested full sequences (the full sequence is provided by NIST), where the data covered the variable parts
of the light chain and the heavy chain in the mAb. ECD at 3 eV did not cleave the disulfide-bonded rings in the
protein. To obtain nearly complete sequence coverages, ldeS digestion (Genovis) was applied. For the online
reduction of disulfide bonds (ref. 2), DTT was injected to the intact mAb and the IdeS digest trapped on the desalting
column for 1 min.

Conclusions:

By the reduction, we obtained sequence coverages of 84.7 % for the light chain, 78.3 % for the variable part of the
heavy chain (Fd’), and 84.7% for the fixed part of the heavy chain (scFc). Further, ECD indicated the glycosylation site
and its mass in scFc and CID informed the glycan composition.

Novel Aspect:
High throughput antibody analysis using LC-ECD TOF mass spectrometer combined with online disulfide bond
reduction technique
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Introduction:

Monoclonal antibody Fab domain fragments can be utilized therapeutically to bind to and sequester specific
antigens to decrease activity of disease targets in the cells of patients. Large multi-pronged polyethylene glycol
(PEG)-based structures can be utilized to ‘bundle’ together multiple Fab domains toyield a drug with highly
concentrated therapeutic activity and increased bioavailability (1). PEG-Fab conjugates pose enormous potential for
sample heterogeneity, and thus present a significant analytical challenge in upstream characterization. Native MS
and other charge reduction strategies yield increased spectral separation to allow the accurate intact mass analysis
of such highly complex spectra. We present a semi-automated workflow for analyzing high mass PEG-protein
conjugates utilizing native ion exchange coupled directly to an ultra-high mass range Orbitrap MS system.

Methods:

PEG-Fab conjugate was analyzed intact in native MS conditions using nanospray infusion,size exclusion
chromatography (SEC), or ion exchange (IEC) chromatography. PEG-Fab conjugate was analyzed bySEC (Thermo
Scientific MabPac SEC-1) orlEC (Thermo Scientific ProPac WCX) using isocratic conditions and pH gradient conditions,
respectively. For SEC we used a mobile phase of 50 mM ammonium acetate pH 6.6. For IEC we used a gradient of pH
6.6 to 10.2 in a background of 50 MM ammonium acetate at a flow rate of 200 uL/min. LC-MS was performed using a
Vanquish H-Class UHPLC with single wavelength UV detection coupled directly to an Orbitrap MS instrument capable
of ultra-high mass range detection up to 80,000 m/z.

Results:

A major aspect of characterizing PEG-Fab conjugates is determining the weighted average of Fab domains which are
attached to an individual PEG core structure. In order to assess the degree of Fab-conjugation, PEG-Fab conjugate
was analyzed by static nano-spray infusion using an ultra-high mass range Orbitrap MS system operated with
nitrogen or xenon as the HCD trapping gas for cooling ions during transmission. PEG-Fab conjugatein native
conditions resulted in a complex spectrum which did not yield sufficient definition in order to confidently determine
accurate masses to measure the average ratio of Fab-to-PEG. Addition of the charge reducing reagent TMGN
produced a more simplified spectrum spanning a range of 20,000 to 50,000 m/z which enabled deconvolution for
accurate mass determination. These results showed an average load of approximately 7 Fab domains, which is
consistent with a low resolution result attained by MALDI-TOF MS data. We coupled IEC directly to our Orbitrap MS
system to allow charge-based separation and on-line native intact mass analysis. We found PEG-Fab
conjugateisoforms elute as individual peaks in increasing order of Fab load. IEC-MS spectra became further
simplified compared to direct nano-spray infusion. Isoform identity and abundance could be further confirmed and
relatively compared by leveraging both chromatographic and mass spectral data for intact mass analysis.

Conclusions
Native SEC and native IEC coupled directly to UV and Orbitrap MS with ultra-high mass range detection provides a
flexible platform for analyzing large (500 kDa) compounds which exists in very complex mixtures such as PEGylated
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species. SEC and IEC have unique strengths in chromatographically resolving complexity which allow the Orbitrap MS
system to obtain increasingly detailed information of molecular structure.

Novel Aspect:

Intact mass analysis of a complex PEG-protein conjugate using native ion exchange chromatography ultra-high mass
range Orbitrap MS
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Introduction:Typically, native mass spectrometry (MS) requires costly and labor-intensive protein purification.
Formerly we presented a novel approach for native MS analysis of overexpressed proteins directly from crude
bacterial lysates [1]. Here we expand the method to the analysis of secreted recombinant antibodies directly from
the growth medium of secreting HEK293 cells.

Methods: Growth media from adherent HEK293 cells grown in DMEM, or suspension-grown HEK293 cells grown in
Freestyle medium were transfected with plasmids encoding light and heavy chains of various antibodies. Growt
media containing the secreted antibodieswere collected and buffer exchanged into MS compatible buffers. Low-
expressing samples were concentrated. The antibodies were analyzed using either an Orbitrap [2] or a Synapt G2
HDMS QTOF-based platform [3].

Results: Initially, we tested an antibody secreted from adherent HEK239 cells. The growth medium was2x buffer
exchanged into 1M ammonium acetate and concentrated 10x before analysis. The antibody produced a well-
resolved charge state series which corresponded in mass to the glycosylated form.PNGaseF treatment directly in the
medium efficiently removed the N-linked glycosylations. We next examined growth media from transfected
suspension-cultured cells and showed that the secreted antibodies could be easily measured directly from the
growth medium without any concentration. Antibodies could also be reduced and deglycosylated in the growth
medium, for detailed strucutral analysis. For deeper characterization we compared wild-type and engineered
antibodies, designed for increased afinity and stability, and demonstarted that the engineered antibodies were
expressed to much higher levels and showed higher stability. CCS analysis demonstrated that the wild-type and
designed antibodies exhibited identical collision cross-sections.

Conclusions:We showed that direct native MS can be efficiently used for the strucutral analysis of secreted
antibodies from crude growth media. Analysis of the antibodies directly from the growth medium allowed us to
rapidly determine the identity, expression level, modification level and overall structure of the antibodies. Moreover,
we showed that our method is not dependent on a specific MS platform but rather it is a general approach that can
be applied on various instruments.

Novel Aspect:Direct native MS can be applied to the strucutral analysis of secreted antibodies from crude growth
media, and can overcome the need for purification, saving time and effort.
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Introduction: Protein structures are commonly utilizedto interprethydrogen deuterium exchange mass spectrometry
(HDX-MS) data not vice versa. But the ability to model structures by HDX-MS would exploit the many advantages of
the technique particularly with regard to speed and sensitivity. The modelling of protein folds and homo/hetero
protein assemblies by HDX-MS is described and the utility andlimitations of the approach for different protein
systems is discussed.

Methods: HDX-MS data of proteins and their assemblies were obtained by continuous labelling HDX-MS.
Computational approaches were used to simulate HDX-MS data directly from protein structures or docking outputs.
A range of structural analysis/evaluation techniques were employedto quantify the efficacy of the approach to
model protein folds and assemblies including hierarchical clustering and binary structural classification.

Results: The HDX-MS patterns of proteins simulated directly from their atomic structures are compared to
experimental data obtained in-house. Utilizing a simple expression to estimate HDX protection factors we show that
it is possible to simulate protein HDX-MS patterns to sufficient accuracy to permit the modelling of protein
conformations. Protein folds and hetero-assemblies can be modelled to high accuracy but the modelling of homo-
assemblies is significantly more challenging due to the inability to prepare difference plots for these
systems.Surprisingly, even poorly simulated HDX-MS data is shown to be efficient at identifying native
conformations from a high background of decoy states. And in the case of homo-proteins the diagnostic ability of the
HDX-MS simulations is shown to shown to scale with the number of subunit interactions in the protein complex.
Taken together these data add to our understanding of the use of HDX-MS for structural evaluation and provide an
important foundation on which future developments in the area can be built.

Conclusions: HDX-MS has potential in protein modelling with applications in areas such as ab initio protein folding
and protein-protein docking. [1] HDX-MS data can be simulated directly from protein structures significantly
enhancing the throughput and applicability for quantitative ranking of modelling outputs.The present work sets a
new precedent for the analysis of HDX-MS outputs and establishes greater synergy of the method with molecular
modelling techniques.

Novel Aspect: The ability to utilize HDX-MS data to model protein structures represents a new way of working with
the technique.

1. Borysik A. J., Angew Chem Int Ed Engl, 56(32), 9396-9399 (2017)
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Introduction:

De novo designedprotein complexes have significant potential to serve as future drugs and nanomaterials. Whereas
it is possible to design, express, and purify a great number of proteins and protein complexes in a short time,
methods for their subsequent structural characterization on a large scale are missing. Here, we demonstrate how
online separation coupled to native mass spectrometry can be used to rapidly assess key properties of designed
protein complexes.

Methods:

Protein samples were designed, expressed, and purified in the Baker lab. Gel filtration and ion exchange
chromatography were performed with an Ultimate3000 HPLC system (Dionex) coupled to a modified QExactive EMR
Orbitrap instrument (Thermo). UniDec[1]and Intact Mass (Protein Metrics) [2]were used for data deconvolution and
analysis.

Results:

We determined the oligomeric states and ligand-binding properties of several hundred designed protein complexes
in TBS bufferby online gel filtration coupled to high-resolution mass spectrometry.Hetero-dimeric coiled-coil
structures, with characteristics matching those intended by design were further evaluated for interaction partner
specificitybased on their tendency to exchange/ form off-target binding during a denaturation-refolding procedure.
To deal with the complexity of such mixtures, we used ion exchange chromatography coupled to mass spectrometry
for analysis and processed the data with Intact Mass. All-ion fragmentation was applied to confirm the protein
complex identification. With several small mixing experiments including 6-16 heterodimers in each set, we filtered
out 20 orthogonal heterodimers.For this set of 20 hetero-dimers, we found negligible subunit exchange during a
denaturation-refolding procedure, consistent with the high specificity of the underlying designed protein-protein
interactions.

Conclusions:

Gel filtration coupled to mass spectrometry can be used to rapidlyperform the initial identification of protein designs
suitable for further structural analysis.Complicated mixtures can be readily separated by ion exchange
chromatography coupled to MS and identified by fragmentation. In all cases, deconvolution softwareis highly
beneficial to determine the identity and oligomeric state of the designed protein complexes with high-throughput.

Novel Aspect:
On-line separation methods for native MS were developed to help with thedetermination of structural properties of
designed proteins at high speed with minimal sample preparation requirements.

1. Marty MT., Baldwin AJ., Marklund EG., Hochberg GKA., Benesch JLP., Robinson CV.,Analytical Chemistry, 87
(8),4370-4376 (2015)
2. Bern M., Caval T,, Kil YJ., Tang W., Becker C., Carlson E., Kletter D., llker Sen K., Galy N., Hagemans D., Franc

V., Heck AJR., Journal of Proteome Research, 17 (3), 1216-1226 (2018)
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Introduction:
Fast Photochemical Oxidation of Proteins (FPOP) is a covalent labelling technique that utilises UV radiation to
produce hydroxyl radicals which covalently label solvent-accessible side-chains. Following proteolysis, LC-MS/MS is
used to localise and quantify the oxidation particular residues. Here, we assess the utility of FPOP and HDX as
parallel techniques to probe protein structure and dynamics on AN6, an aggregation-prone variant of PB2-
microglobulin.

Methods:

HDX-MS experiments were carried out using the LEAP Technologies automated system in-line with an M class
ACQUITY LC and HDX managerfollowed by a Synapt G2Si MS/MS operating in HDMSE mode.FPOP was performed
employing a 248 nm CompexPro Excimer UV laser to generate hydroxyl radicals used to oxidise solvent accessible
side-chains. This was followed by protein proteolysis andLC-MS/MS using a Q ExactivePlusOrbitrap.

Results:

>95% sequence coverage was obtained for both proteins using either HDX or FPOP. In the regions directly
surrounding the N-terminal truncation, HDX indicates significantly higher deuterium uptakefor AN6 compared with
wild-type proteinat the earliest labelling time-point (30 seconds).Key differences in labelling by FPOP were similarly
clustered around the N-terminal truncation of the protein.

Examination of FPOP LC-MS/MS data showed certain modified residues eluting at multiple retention times,
corresponding to the various positional isomers expected from hydroxyl radical attack on aromatic side-chains.
Quantifying these peaks separately, changes in the labelling of positional isomers between the two proteins were
observed (consistent with published NMR structures), and considerable differences in labelling trends between
individual positional isomers and the combined residue level data were evaluated.

Conclusions:

The comparison of HDX and FPOP shows that theyserve as informative parallel techniques to probe protein structure
and dynamics. Moreover, FPOP can be used to interrogate structural changes at sub-residue level resolution. As
protein aggregation is often caused by subtle structural changesincluding the exposure of hydrophobic side-chains
(both of which are very sensitive to oxidative labelling), FPOPhas proved invaluable to the study of
proteinaggregation.

Novel Aspect:

A comparison between two different probes of protein solvent accessibility and dynamics offers greater
understanding and sub-residue resolution.
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Introduction:

A powerful method to determine the energetic coupling between amino acids is double-mutant cycle analysis (DMC)
[1]. Here, we show that double-mutant cycle analysis by native mass spectrometry [2] can be carried out for
interactions in crude Escherichia coli cell extracts, thereby providing estimates for coupling energies under crowding
conditions and obviating the need for protein purification and generating binding isotherms.

Methods:

The applicability of this native MS-based approach was tested for three different double-mutant cycles using the 1:1
complex between E2 colicin endonuclease (colE) and the Im2 immunity protein (Im).

All proteins comprising the cycle, the two wild-type proteins and the two mutant proteins were co-expressed in E.
coli using the pRSFDuet expression plasmid. Native MS experiments were performed using an Orbitrap EMR
platform.

Results:

The charge series of the individual complexes forming each of the cycles could be well resolved in the crude lysates
due to the overproduction of these proteins in comparison to the endogenous bacterial proteins and because of
reduced binding of adducts. The relative concentrations in a cell lysate of the four co-existing complexes comprising
each cycle were determined simultaneously from a single mass spectrum. Determining the concentrations of the
complexes (without the need to define the concentrations of the individual proteins) allowed us to calculate the
coupling energies under crowding conditions. We also determined the coupling energies using purified proteins in a
buffer solution as a control. The values of the coupling energies determined for all three pairwise interactions in
lysates are found to be very similar to the one determined for these interactions using purified proteins in buffer,
thereby indicating that crowding has little effect on the strength of inter-molecular hydrogen bonds.

Conclusions:

Double-mutant cycle analysis by native mass spectrometry can be carried out for interactions in crude Escherichia
coli cell extracts, thereby providing estimates for coupling energies under crowding conditions and obviating the
need for protein purification and generating binding isotherms. Our results indicate that inter-molecular hydrogen
bond strengths are not affected by crowding conditions.

Novel Aspect:
Our approach enables to characterize pairwise interactions by native MS of crude cell lysates obviating the need for

any protein purification.
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Introduction

Native top-down studies of intact protein complexes have been reported since the early 1990’s, but their
characterization using MS3 have only recently been reported and most work has been done on homomeric
assemblies. In this work we explore new ways for extending native top-down performance to allow interrogation of
heteromeric protein assemblies like proteasome by top-down pseudo-MS3.

Methods

Experiments were performed using a modified Thermo Scientific™ Q Exactive™ Plus MS in which the transmission of
high m/z ions and the ability to perform pseudo-MS3 scans for native top-down analysis were improved by
implementing several hardware and software modifications (see the Results section). Pyruvate Kinase, GroEL, rabbit
20S proteasome, LmrP membrane protein and AmtB membrane protein complex were used as model systems.

Results

Advances towards native MS and native top-down analysis of heteromeric protein complexes became possible only
after addressing several major technical challenges. First, implementation of ‘in-source trapping’ capability
addressed the insufficient or poorly controllable desolvation issue and allowed significantly improved fragmentation
into subunits and stripped complexes in the inject flatapole region. Second, the reduction of RF frequencies on all RF
guides and the mass filter was aimed at increasing the transmission of high m/z ions. Third, the adjustment of the
voltage ramp rate on the central Orbitrap electrode facilitated successfully transmitting the high m/z ions from the
C-trap into the Orbitrap analyzer.

The improvements in performance afforded by these modifications were demonstrated in a series of pseudo-MS3
experiments performed for several homomeric and heteromeric intact soluble protein complexes and membrane
protein complexes.

Novel Aspect
Improved native top-down analysis of non-covalent protein complexes
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Introduction
Eukaryotic pre-mRNAs are processed at their 3’ ends by the Cleavage and Polyadenylation Factor (CPF). CPF cleaves
pre-mRNAs, adds a poly(A)tail and triggers transcription termination. It is unclear how the complex is assembled and
coordinated. A Cryo-EM investigation of CPF aided by nanoESI-MS and cross-linking-MS (XL-MS)shines new light on
its assembly and activity providing an example of how XL-MS complements other structural approaches such as
Cryo-EM.1-4

Methods

XL-MS experiments were performed on purified CPF complex,which is composed of four or five proteins: Cftl, Ythl,
Fip1, Pfs2, with and withoutPapl. Theisotopically-codedNHS ester BS3 was used as cross-linker.Trypsin digests were
fractionated at the peptide-level by SEC and fractions analysed by nano-scale LC-MS/MS on an Orbitrap Velos. Cross-
links were identified using xQuest and spectra were manually validated.

Results

NanoESI-MS of CPF complex revealed an interaction network organized into three modules: nuclease, phosphatase
and polymerase.The Poly(A) polymerase module of CPF was expressed in insect cells. The ~200-kDa recombinant
four-subunit complex (Cftl, Pfs2, Ythl, Fipl) was imaged using cryo-EM at a resolution of 3.5 A.Cryo-EM maps
display only three ordered subunits (Cftl, Pfs2 and Yth1). AXL-MS investigation was performed to validate the
structural model and to determine where Papl and Fipl bind. Cross-links map agree with the atomic models, and
the crystal structure of Papl. Fipl cross-links to the C-terminal part of Ythl and the polymerase domain of Papl.
Pap1 also cross-links the C-terminal helical domain of Cft1, ZnF1 of Yth1, and the C-terminal region of Pfs2. Together,
these datasuggest that the flexible C-terminal half of Yth1 binds the intrinsically disordered protein Fip1, which in
turn flexibly tethers Papl to the complex, allowing conformational freedom to add long poly(A) tails onto diverse
RNA substrates.

Conclusions

Nuclease, Poly(A) polymerase and phosphatase activities of yeast CPF are organized into three modules. A partial
cryo-EM structure of polymerase module wassolved. XL-MS provided insights on the interactions of the whole
polymerase module. These data, combined with in-vitro reconstitution experiments, show that the polymerase
module brings together factors required for specific and efficient polyadenylation, to help coordinate mRNA 3’-end
processing.

Novel Aspect

Combination of nanoESI-MS, cryo-EM, XL-MS and in-vitro reconstruction experiments described the assembly and
activity of the eukaryotic mRNA 3’-end processing machinery.
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Introduction

ABC importers are membrane proteins that couple the hydrolysis of ATP to the translocation of differentmolecules
across cellular membranes. Depending on the fold of the transmembrane domains, they are classified as type | or
type Il importers[1]. To clarify the the mechanism of theseproteins,some questions need to be answered, such as the
influence of substrate and ATP on the interactions between the transporters and their cognate substrate-binding
protein.

Methods

We selected two very well characterised ABC importers: the molybdate transporter ModBC-A and B12 transporter
BtuCD as representatives of type | and type Il importer families, respectively. We employed native mass
spectrometry-based methods (MS), enabling us the study of membrane proteins and their ligand-binding properties

[2].

Results

Following purification of BtuCD and BtuF, we optimised native mass spectrometry conditions and obtained mass
spectra of the two proteins in detergent solubilised form. When a solution of BtuF was added to BtuCD, the recorded
mass spectrum showed the formation of the full BtuCD-F complex. After addition of vitamin B12, the spectrum still
displayed the presence of the entire BtuCD-F complex but also revealed an increase in the intensity of the population
of the uncomplexed BtuCD. Conversely, the addition of molybdate led to ModBC-A complex formation, while no
complex was observedin the absence of substrate.

Mass spectra of BtuCD-F recorded after ATP addition showed the presence of the full complex bound to two ADP
molecules. Interestingly, we detected an increase in the intensity of ADP-bound BtuCD. As for ModBC-A, following
the addition of ATP we observed ADP-bound species, but we did not detect any additional charge states
corresponding to ModBC.

Conclusions

Our MS data indicate that both vitamin B12and ATP disrupt the interactions between BtuCD and BtuF. In contrast,
molybdate is needed to let ModA dock onto ModBC and ATP does not affectModBC-A complex formation.

These observations provide critical insights into the mechanism of transport of these importers and allow us to
propose new transport models that complement the previous ones and will serve as a prototype for more
complicated systems.

Novel Aspect
For the first time, native mass spectrometry has been applied to unravel the mechanism of action of transporters
and provides further insights into their transportmechanism.
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Introduction: (Limit of 400 characters)

The approval authorization of a biosimilar is based on strong comparability studies with its biological references
product due to the complexity of the structure and of the nature of manufacturing process of biological drugs. The
proof of similarities needs both the development of analytical workflow, to characterize the protein chemically, and
development of clinical trials to evaluate the efficacy and the safety of drug.

Methods: (Limit of 400 characters)

Qualitative and quantitative analyses were performed by tandem time of flight matrix-assisted laser
desorption/ionization mass spectrometry (MALDI-TOF/TOF-MS) and reverse phase liquid chromatography coupled
with an UV-detector (RP-HPLCUV). The evaluation of the biological activity of the biodrugs, in particular, their effect
on immune system cell proliferation, was studied in zebrafish embryo, as animal model, using an innovative
functional assay.

Results: (Limit 900 characters)

The comparison studies between the recombinant filgrastim and its biosimilars were performed RP-HPLC and
MALDI-TOF-MS both on intact proteins and on digested proteins. In particular, analyses were carried out to evaluate
the integrity of proteins, the absence of drug-related impurities, the similarity of amino acid sequence and the
protein concentration. While qualitative analyses allowed us to establish the molecular weight of the biodrugs and
to verify the identity of primary amino acid sequence, quantitative analyses confirmed the protein concentration in
the pharmaceutical formulations. After chemical characterization of the biodrugs, the biosimilarity was assessed by
in-vivo study, using zebrafish embryos as model, to verify the biological activity. Functional studies showed that all
drug had similar capacity to activate the innate immune response in zebrafish. Overall, the obtained results allowed
us to demonstrate both the structural and biological similarity of the biosimilar drugs in comparison with their
originator.

Conclusions (Limit of 400 characters)

The analytical analyses performed in this study highlighted the structural similarity of biosimilar drugs Nivestim™,
Tevagrastim® and Zarzio® and the originator Granulokine®. This result was reinforced by a similar in vivo biological
activity.

References
Gianoncelli et al, 2018. Submitted

Novel Aspect: (Limit of 150 characters)

This work is focused on the comparison of the originator of filgrastim with its three biosimilars, to evaluate the
structural similarity and biological activity.
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Introduction: Humana-synuclein (aSyn)is an intrinsically disordered protein, whose aggregation is associated with
the pathogenesis of several neurodegenerative diseases (e.g., Parkinson’s disease). Although aSyn aggregation
process in the patients’ brain is not fully understood, dyshomeostasis of Ca2+was suggested toinduce the
aggregation. In this study, we examined thedetailed structural change of aSyn and proposed themechanism of Ca2+-
mediated aSyn aggregation[1].

Methods: lon mobility-mass spectrometry (IM-MS) and solution small-angle X-ray scattering (SAXS) were utilized
forstructural characterization of monomeric aSyn in the presence of Ca2+. Molecular dynamics (MD)simulations
were performed to generate structures that match the experimental data. Multiple biophysical techniqueswere also
utilized for revealingaggregation kinetics and morphological properties of aggregates.

Results:First,we observed that Ca2+accelerated the aSyn fibrillation. To understand the role of Ca2+, we investigated
the structure of monomeric aSyn in the presence of Ca2+ using solution SAXS and IM-MS. Our IM-MS and SAXS
results imply that population of extended conformers increases when Ca2+ ions are bound to aSyn.Based on the
representative structures generated using MD simulation and ensemble optimization method (EOM), we suggested
that the 1) Ca2+ induces aSyn to form extended conformer by electrostatic interaction, and 2) the extended
conformers are prone to aggregation because hydrophobic NAC domain is more exposed to water than compact
conformers. In addition, we observed that fibrils attachedto each other in the presence of Ca2+. Our detailed
examination showed that Ca2+ binds to acidic-rich C-terminal domains originated from different fibrils,
provokinginterfibrillar aggregation.

Conclusions:In this study, we characterized the Ca2+-mediated aggregation pathway of aSyn. Our results showed
that binding of multiple Ca2+ ions induces thestructural change of monomeric aSyn to expose NAC domain which is

crucial for fibrillation, andprovokesinterfibrillar aggregation via electrostatic interaction.

Novel Aspect:Because of the biological importance of Ca2+ in aSyn aggregation, our study would be valuable for
understanding pathology of aSyn-related neurodegenerative diseases.
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Introduction:

A major requirement in the development of biopharmaceuticals is extensive characterization of the molecule at the
intact level to ensure safety and efficacy. More recently characterization of monoclonal antibodies under native
conditions is gaining importance over reverse phase conditions as it helps preserves the noncovalent interactions
and retain the folded structure.

Methods:

Two monoclonal antibodies were studied using SCIEXTripleTOF® 6600 coupled to high-flow liquid chromatography
(LC).Reverse phase chromatography was performed with water and acetonitrile containing 0.1% formic acid
gradient. For native analysis, isocratic gradient of 50mM ammonium acetate buffer was used. MS detection was
carried out using high resolution TOFMS mode.

Results:

Two antibodies Trastuzumab, and NIST standard were analyzed under native and reverse phaseconditions. The
TripleTOF® 6600 system yielded high resolution accurate mass data with excellent sensitivity and reproducibility for
both the molecules analyzed. The traditional reversed phase chromatography involves separation based on organic
solvent gradient resulting in denaturing conditions and a broad distribution of highly charged species at lower m/z
ranges. Relatively lower charge states are observed with narrow distributions and higher m/z under native
conditions thusresulting in higher spatial resolution and improved baseline resolved peaks.

Conclusions
The high quality spectra obtained with TripleTOF® 6600 system along with the deconvolution using
BioPharmaViewTMsoftware enabled the accurate molecular weight determination of all the possible glycoforms

with excellent reproducibility.

Novel Aspect:
Evaluation of the TripleTOF® 6600 systems for the Intact Mass analysis of mAb’s under native conditions.

For information please contact: scientific@imsc2018.it
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Introduction:

Native mass spectrometry has emerged as an important tool in structural biology and is routinely used to analyze
soluble proteins. However the investigation of membrane proteins and their complexes remains challenging; until
the beginning of 2017, only about 30 membrane proteins have been investigated, mostly using nESI-MS. In this area
LILBID-MS has recently shown great potential, which is further examined here in a comparison of the capabilities of
these Methods:

Methods:

We compared the performance of the complimentary methods nESI and LILBID in the analysis of the soluble protein
Avidin (tetramer) and the dimeric membrane protein EmrE. In addition, we performed a comparative screening of
different buffers, concentrations and additives to explore the current limitations of both MS techniques.The nESI
mesurements were performed on a Waters Synapt G2-S, while the LILBID spectra were recorded on an in-house
build reTOF spectrometer.

Results:

LILBID and nESI show different dissociation pathways. Avidin tetramer dissociates via dimers in LILBID, while in nESI,
a highly charged monomer exits the complex. For EmrE, the native dimeric state can be detected almost exclusively
using LILBID, whereas in nESI the dimer appears only as a minor species.

While with nESI, in case of most membrane proteins, it wasn’t possible to avoid a certain amount of dissociation, we
were able to demonstrate a gentle analyte release via IR-laser desorption in LILBID-MS, preserving almost the entire
intact protein complex.

LILBID demonstrates a slightly higher tolerance towards non-volatile buffers TRIS-HCI and HEPES. High buffer
concentrations require higher energy input for desolvation, leading to partial dissociation of the protein complexes.
Both methods show a significant peak broadening with increasing salt concentration, the detected complex mass
also increases.[1]

Conclusions:

Soluble proteins and protein complexes can be analyzed convincingly using both Methods:

If more desolvation of the analyte is needed, as for non-volatile buffers and additives or detergents used to stabilize
membrane proteins, LILBID has benefits due to its different ion release mechanism.

When the native state of membrane protein complexes is of interest, LILBID can reveal this routinely, whereas nESI
has its advantages in areas, where a high resolution is needed.

Novel Aspect: This is the first study comparing the capabilities of the two complimentary native MS methods nESI
and LILBID in the analysis of soluble and membrane protein complexes.

References
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Introduction:

Combination of mass spectrometry with chromatography is the key to successful mass spectrometric top down
protein analysis [1]. lon exchange chromatography in its classical form is incompatible with MS due to high salt
concentrations in the eluent [2]. Displacement chromatography offers opportunity to perform cation-exchange
chromatography (CEX) without using salt. In this study we tested if proteins eluting on-line from a CEX column into
an ESI-MS can be detected.

Methods:

An equimolar protein mixture (Lysozyme, Ribonuclease A, Cytochrome C and Myoglobin) was loaded (1.5 mg) onto a
CEX column until it was saturated, recognized by the detection of the breakthrough of the proteins. Adsorbed
proteins were eluted by pulsed injection of the displacer spermine. First 90 pulses contained 10 mM spermine, next
50 pulses 25 mM. The HPLC system was run with 0.1% formic acid as solvent and eluting proteins were detected by
an orbitrap mass spectrometer.

Results:

Lysozyme and Ribonuclease A were eluted from the column by first 90 pulses of spermine (10 mM). Three different
charge states from each protein were chosen and monitored in the corresponding spectra. Over the pulses,
lysozyme and ribonuclease A eluted with constant concentration. A separation of these two proteins was not
observed. After the injection of 140 pulses of spermine (25mM) Cytochrome C co-eluted with both previous
proteins. Only Myoglobin stayed on the column and was not displaced by spermine. It eluted by washing the column
with 1M ammonium acetate.

Conclusions:

By application of displacement chromatography mode an online coupling of ion-exchange columns with MS
detection for intact proteins is possible. However, the affinity of spermine obviously was not strong enough for
displacing myoglobin. Thus, finding a suitable displacer with higher affinity for displacing proteins from CEX is still
needed. Once found, it should be possible to even separate individual proteoforms of proteins.

Novel Aspect:
Separation and detection of intact proteins by online coupling of ion-exchange columns with MS detection by
application of displacement mode chromatography.
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Introduction:

Mass spectrometry (MS)-cleavable cross-linkers are moving into the focus of the cross-linking/MS approach for
studying 3D-structure of proteins and protein assemblies. They undergospecific fragmentations under collisional
activation conditions generating characteristic product ion patterns. They have an enormous potential for a fast and
reliable identification of cross-linked peptides even from highly complex samples, e.g. whole cells and organisms.

Methods:

We developed a robust and widely applicableworkflow that allows a facile identification of cross-links for deriving
spatial constraints from proteins and protein complexes. Our protocol combinesthe synthesis of novel cross-linkers,
protein cross-linking, bottom-up proteomics analysis, anddata analysis based on the in-house MeroX software [1].
Two orbitrap mass spectrometers, OrbitrapFusionTribrid and Q-Exactive Plus, were employed.

Results:

We designed and synthesized four novel MS-cleavable (photo)-cross-linkers. 2,2'-Azobis(2-methylpropanimidate) is
an innovative cross-linking principlethat after collisional activation induces free radical-initiated sequencing (FRIPS)
of connected peptides in positive ion mode [2,3]. 1,1-carbonyldiimidazole is the first zero-length MS-cleavable linker
for nucleophilic groups (amines and hydroxyls) in proteins [4]. 3,4-Diallylurea is a novelphoto-activatable, MS-
cleavable reagent to selectively target cysteines [5]. We unveiled the truereactivity of diazirine-base cross-linkers,
which are in fact photo-activatable and MS-cleavable reagents to target carboxylic acids in proteins [6]. All cross-
linkers were investigated to study several protein systems, such as the tumor suppressor p53, which is an
intrinsically disordered protein, and the whole E. coli ribosome. We are currently extending our cross-linking/MS
workflow to the in-vivo analysis of protein-protein interactions, exemplified for Drosophila embryos.

Conclusions

Our integrated cross-linking workflow allows to map protein 3D-structures and protein-protein interactions in-vitro
and in-vivo. We have synthesized innovative, MS-cleavable cross-linking principles that target different functional
groups in proteins, such as amines, hydroxyls, thiols or react non-specifically with all 20 proteinogenic amino acids.
The MeroX software is able to analyze cross-linked products in an automated fashion.

Novel Aspect:
We present an integrated workflow based on novel MS-cleavable cross-linking principles and a fully automated
analysis of cross-linked products by the MeroX software.

References

Gotze M., Pettelkau J., Fritzsche R., lhling C. H., Schafer M., Sinz A. Journal of The American Society for Mass
Spectrometry, 26, 83-97(2015).

lacobucci C., Hage C., Schafer M., Sinz A., Journal of The American Society for Mass Spectrometry, 28, 2039-2053
(2017).

lacobucci C., Schafer M., Sinz A., Mass Spectrometry Reviews, DOI: 10.1002/mas.21568 (2018).

199



Hage C., lacobucci C., Rehkamp A., Arlt C., Sinz A. (2017).AngewandteChemie International Edition, 56, 14551-14555
(2017).

lacobucci C., Piotrowski C., Rehkamp A., lhling C. H.Sinz A., Journal of The American Society for Mass
Spectrometry,DOI: 10.1007/s13361-018-1952-8 (2018).

lacobucci C., Gotze M., Piotrowski C., Arlt C., Rehkamp A., lhling C. H., Hage C., Sinz A, Analytical chemistry, 90, 2805-
2809 (2018).

200



771 - EVALUATION OF AN ISOTOPE-LABELED MS/MS-CLEAVABLE CROSS-LINKER FOR PROTEIN STRUCTURE ANALYSIS

Christian Ihling (1) - Patrizia Springorum (2) - Michael Gotze (2) - Christoph Hage (1) - Mathias Schafer (3) - Andrea
Sinz (1)

Martin Luther University Halle-Wittenberg, Institute for Pharmacy, Halle (1) - Martin Luther University Halle-
Wittenberg, Instute for Biochemistry, Halle (2) - University of Cologne, Institute for Organic Chemistry, Cologne (3)

Evaluation of an Isotope-Labeled MS/MS-Cleavable Cross-Linker for Protein Structure Analysis
Patrizia Springorum1,2, Michael Gotze2, Christoph Hagel, Christian H. Ihlingl, Mathias Schéafer3, and Andrea Sinz1*

1Department of Pharmaceutical Chemistry and Bioanalytics, Charles Tanford Protein Center, Martin Luther
University Halle-Wittenberg, D-06120 Halle (Saale), Germany; 2Institute of Biochemistry,Charles Tanford Protein
Center, Martin Luther University Halle-Wittenberg, D-06120 Halle (Saale), Germany; 3institute for Organic
Chemistry, Department of Chemistry, University of Cologne, D-50939 Cologne, Germany

Introduction:

Previous studies have shown the benefits of the amine-reactive, CID-MS/MS-cleavable cross-linker DSBU
(disuccinimidyl dibutyl urea) for structural proteomics studies based on cross-linking/MS[1, 2].To further facilitate
the automation of cross-linking/MS experiments we now introduce a D12-stable isotope labeled version of the
DSBU-linker combining the advantages of MS/MS-cleavable linkers and isotope labeling.

Methods:

Non-labeled DSBU and 1:1-mixtures of DSBU-DO and -D12 were used to cross-link bovine serum albumine as well as
the E. coli ribosome. Cross-linked proteins were proteolyzed and analyzed by nano-HPLC/nano-ESI-Orbitrap MS/MS
(higher energy collision-induced dissociation, HCD) on Orbitrap Fusion and Q-Exactive Plusmass spectrometers using
mass difference-triggered MS/MS experiments.MS and MS/MS data were automatically analyzed and annotatedwith
MeroX [3].

Results:

The basis for a reliable,targeted selection of cross-linked peptidesfor MS/MS experiments is a mass difference
between two isotopic species,which is large enough (D12) to create non-overlapping isotope patterns of a single
species as well as overlapping elution profiles of the DO and D12 species during LC/MS analysis. We could show that
the D12-labeled DSBU-linker meets both requirements. The observed average retention time differences between
DO and D12 species were only ca. 10 seconds when employing 90-minute LC gradients. This enabled the efficient
selection of cross-linked products for fragmentation by HCD, compensating the dilution effect caused by the
application of two different cross-linker species.Employing mixtures of deuterated and non-deuterated cross-linkers
combined with mass difference-based, targeted fragmentation seems to be advantageous compared to standard
data dependent experiments using only one cross-linker species (156 versus 116 cross-linking sites for BSA).

Conclusion:

The application of mixtures of deuterated and non-deuterated DSBU-linker is advantageous for structural
proteomics studies based on cross-linking/MS. In combination with the dedicated software tool MeroX [3],a basis for
automated, robust, and reliable automated cross-linking/MS studies is provided.

Novel aspect:
A D12-stable isotope labeled version of the CID-MS/MS cleavable DSBU-linker allows for an efficient mass-difference
based, targeted analysis of cross-linked products.

Keywords:
Cross-linking mass spectrometry, MS/MS cleavable cross-linker, isotope-labeled cross-linker
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Introduction:

Manufacturing of innovator biologics can be successfully mimicked to produce generic “biosimilar” drug products. In
order to satisfy safety and efficacy requirements, a biosimilar drug must be reasonably comparable to an innovator.
Comparability is directly assessed by measuring a panel of critical quality attributes (CQAs). Recently, a multi-
attribute method has been demonstrated to measure several CQAs simultaneously using LC-MS peptide mapping
data. Additional CQAs, such as charge variants or size variants are conventionally monitored at the intact level using
ion exchange (IEC) or size exclusion chromatography (SEC), respectively, coupled to UV detection. Native LC-MS
approaches, such as SEC-MS and IEC-MS, can be inclusive with UV detection to combine the traditional gold standard
chromatographic assays with accurate mass measurement to allow isoform-specific monitoring of multiple CQAs of
intact therapeutic proteins.

Methods:

Intact trastuzumab was separated by SEC or IEC directly coupled to MS. Mobile phases consisted of aqueous 50 mM
ammonium acetate. SEC was performed using isocratic pH 6.6 mobile phase. IEC was performed using a pH gradient
from 6.8 to 10.1. LC-MS was accomplished using a Vanquish H-Class UHPLC system with a variable wavelength
detector directly connected to a Thermo Scientific™ Q Exactive™ HF-X Orbitrap™ mass spectrometer. Native LC-MS
raw data were analyzed using a time-resolved deconvolution approach utilizing Sliding Window and ReSpect
algorithms in Thermo Scientific™ BioPharma Finder™ software. Thermo Scientific Chromeleon software was used to
integrate XIC peak areas and relatively compare CQAs of innovator and biosimilar drug samples.

Results:
Native IEC-MS analysis of intact trastuzumab resulted in a chromatographic profile consistent with previously
published data. Time-resolved deconvolution analysis of the innovator drug resulted in identification of several
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specific isoforms comprised of differential N-glycosylation in combination with a variety of low level charge-
imparting PTMs, such as deamidation, C-terminal lysine removal, or sialylation of N-glycans. We confirmed that the
main peak consisted of several isoforms corresponding to variable N-glycosylations of the trastuzumab amino acid
sequence. When comparing the innovator and biosimilar products, we found marked differences in glycoform profile
measured at the main peak. Furthermore we found measureable differences in several charge variant isoforms when
comparing innovator and biosimilar. These differences observed were consistent with a comparison of these same
two samples via MAM HRAM peptide mapping analysis. Native SEC-MS of intact trastuzumab innovator and
biosimilar samples showed marked differences in the levels of fragmentation as well as aggregation in response to a
forced degradation treatment.

Conclusions

Biosimilarity of antibody therapeutic drug products can be accessed at the intact level to assess size variants and
charge variants using either SEC or IEC coupled to UV and MS detection. This method was effective and reproducible
for determining detailed molecular differences between an innovator drug, Herceptin, and a biosimilar.

Novel Aspect:
Method for monitoring multiple CQAs of an intact biotherapeutic compound to allow direct comparison of innovator
and biosimilar products in a convenient and deeply insightful. Both SEC and IEC coupled to UV and native MS can be

used
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Introduction: (Limit of 400 characters)

Vascular endothelial growth factor (VEGF) is recognized as an essential regulator of normal and abnormal blood
vessel growth.[1]The humanized mAb bevacizumab (Avastin) targets VEGF and blocks angiogenesis, resulting in
suppressed tumour growth.[2,3] In this study, native MS, IM-MS, and global, as well as bottom-up HDX experiments
were conducted to determine similarities in the higher-order structures of various lots of biosimilars to its innovator
drug.

Methods: (Limit of 400 characters)

The main isoform of human VEGF (165) was purchased from R&D Systems. Avastin and biosimilars were exchanged
into 250 mM C2H7NO2 (pH 7.4) for all native MS, IM-MS and global HDX experiments. VEGF and antibodies were
exchanged into 150 mM C2H7NO2(pH 6.7) and HDX was performed on the VEGF/Antibody complex and VEGF only
to determine the epitope sites.Time-resolved global and bottom-up HDX was conducted using an in-house rapid
mixing device and microfluidic platform.

Results: (Limit 900 characters)

Native MS revealed that all six biosimilar lots had a more heterogenous pattern and an overall greater level of
glycosylation compared to Avastin. IMS-MS revealed identical drift times for Avastin and the biosimilars, consistent
with gas-phase structures having the same collision cross-section. In the global HDX analysis, no differences in
deuterium uptake were observed between Avastin and the biosimilars between 0.046 — 3.77 seconds. To localize
subtle conformational changes and elucidate epitope sites, local HDX was conducted on VEGF only and the
VEGF/antibody complex. At 8 and 4 seconds, the significant decreases in uptake identified for VEGF+Avastin were
located at a.a. 27-43, 91-103 and 105-119 containing most of its known epitopes. Similar decreases were observed
for VEGF+Biosimilar at a.a. 91-103 and 106-122. Interestingly, at lower time points, VEGF+Biosimilar displayed
significant increases in deuterium uptake at a.a. 19-22, 91-103 and 154-162, while VEGF+Avastin continued to see
decreases at the epitope, albeit to a lower extent.

Conclusions (Limit of 400 characters)

Although there were differences observed in the glycosylation patterns, this did not seem to have an effect on the
overall solution-phase dynamics of the antibodies.Although the binding site is the same for Avastin and the
biosimilar, differences in allosteric perturbations could be observed at earlier time points which may be the result of
how the antibodies engage VEGF.These increases could be attributed to differences in the thermodynamics of
binding.

Novel Aspect: (Limit of 150 characters)
Using native structural mass spectrometry techniques in tandem with time-resolved HDX for biosimilar

characterization and epitope mapping.
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Introduction:

C-Met is a glycosylated receptor tyrosine kinase of the hepatocyte growth factor. Upon ligand binding C-Met
transmits intercellular signals by its unique multi-substrate docking site. However, pathophysiological activation of
the C-Met pathway leads to tumorigenesis, schizophrenia and cardiomyocytes death [1].

Here we report a study of the C-Met interaction with two DNA aptamers that bind the target protein (C-Met) with
high affinity and specificity

Methods:

The two C-Met aptamers used are CLNO0O3 and CLNO004 where produced using SELEX procedure [2].

For epitope identification, the aptamers where immobilized on sepharose beads. The binding epitopes were
identified by proteolytic extraction and excizon-MS [3]. C-Met was digested with two enzymes. The unbound
peptides where washed and the elution was done by slight acidification.

Affinity determinations were carried out with a SPR biosensor.

Results:

According to the SPR affinity data the aptamers are interacting with the protein with two different binding evets. The
KDs where calculated with tree different methods to validate the results.

In the case of CLNOOO3 interacting with the protein we obtained the following KDs: KD1= 10-6 M and KD2 10-8 M.
For CLNOOO4 the KDs are as follows: KD1= 10-7 M and KD2 10-8 M

Epitope analysis showed that the protein has indeed two different binding sites for the CLNOO3 aptamer. The two
regions for the binding sites of the C-Met protein to the CLNO0O3 aptamer are (524-543) and (557-568).
(SEECLSGTWTQQICLPAIYK and LTICGWDFGFRR).

In the analysis of the epitope for the CLNO0OO4 aptamer the results show that two different binding sites occur as
well, one in the region of (251-257) with the corresponding sequence: HTRIIRF and one in the region of (381-388)
with the sequence: NSSGCEAR

Conclusions:

Because the C-Met protein has been linked to so many types of cancers it is important to determine the inhibiting
mechanisms [4]. The work presented here can be used both for biomarker discovery, by using the CLNO0O0O3 aptamer
or for delaying the cancer development. Furthermore, we present the discovery of the exact extracellular region
necessary for inhibiting the interaction between the natural receptor and C-Met.

Novel Aspect:
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By proteolytic-MS we found for the first time the interaction sites of the C-Met protein with two different C-Met
aptamers.

References:

1. Organ SL, Tsao M-S, Ther Adv Med Oncol., Nov; 3: S7-519. (2011)

2. Igbal, A., Labib, M., Muharemagic, D., Sattar, S., Dixon, B. R., &Berezovski, M. V.,PLoS ONE, 10-9 (2015)
3. Stefanescu R, Lupu L, Manea M, lacob RE, Przybylski M, J Pept Sci.,24-1.(2018)

4. Boltz A1, Piater B, Toleikis L, Guenther R, Kolmar H, Hock B., J Biol Chem.;286-24. (2011)

208



320 - LILBID-MS REVEALS INFLUENCES OF THT AND COOMASSIE ON AGGREGATION KINETICS OF AMYLOID-BETA (1-
42) AND GSYNUCLEIN

Janosch Martin (1) - Rene Zangl (1) - Tobias Lieblein (1) - Nina Morgner (1)
Goethe University, Institute of Physical and Theoretical Chemistry, Frankfurt (1)
Keywords: LILBID-MS, Thioflavin T,Coomassie, amyloid-beta, a-Synuclein

Introduction:

Many proteins can spontaneously self-assemble into B-sheet-rich fibrillar aggregates, so called amyloids. Two
examples are amyloid-beta (1-42) (AB42) and a-Synuclein (a-Syn), the proteins of interest regarding Parkinson’s
disease (PD) andAlzheimer’s disease (AD), respectively.[1] To analyze aggregation of amyloids,a commonly used
method is theThioflavin T (ThT)-assay. Coomassie - used for stainingproteins - is another important dye for protein
analysis.

Methods:

In contrast to a ThT-assay laser-induced-liquid-bead-ion-desorption mass spectrometry (LILBID-MS)enables to take a
detailed look at small oligomers.Furthermore there is no need to add analysis required substances. Due to this LILBID
can be used to study and compare not only the oligomerization kinetic by time-resolved measurements, but also to
reveal the effectcommonlyuseddyeslikeThT and Coomassiehave onthisaggregationkinetic.

Results:

LILBID was employed to analyze and comparethe aggregation kinetics of a-Syn and AB42.Using LILBID it is possible to
detecta range ofa-Syn and AP42oligomers.Time-resolved measurementsdemonstratea faster aggregation of
AB42compared to a-Syn.

The fluorescence dye ThT which tags B-sheet structures of a protein is still under discussion due to the potential to
affect the aggregation of some proteins, e.g. Amyloid-beta (1-40).[2] Therefore the influence of ThTon the
aggregation behavior of a-Syn and AB42was investigated. It can be shown that ThTneither promotes nor inhibits the
oligomerization of these proteins, as long as if it is purified.

Recent studies also indicate an influence of the protein staining dye Coomassieon a-Syn aggregation.[3]Due to this,
LILBID was also used to study howCoomassieaffects the amyloidogenicoligomerization of a-Syn and AB42. We could
show that Coomassie promotes the oligomerization in case of a-Syn, whereas AB42-aggregation is not influenced.

Conclusions:

Time-resolved experimentswere performed to analyze the influence of ThTand Coomassieon a-Syn and AB42. It
could be shown that ThT does not influence the aggregation behavior of these proteins. In contrast,Coomassie
promotes formation of off-pathway oligomers in case of a-Syn, whereas AB42-aggregation is not affected. These are
important factors, relevant for interpretation of results obtained with the respective analysis compounds.

Novel Aspect:
Requiring no additional substances, LILBID enablesto analyze the potential influence of fluorescence dyes commonly
usedforaggregation analysis (see ThT-Assay).
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Introduction:

Nanomechanical resonators can measure the mass of individual particles accreting on their surface [1]. As their
frequency-to-mass relationship scales inversely withthe resonator’s dimension, research groups have engaged in a
race to measure the smallest detectable mass with increasingly small resonators [2]. However, hanomechanical
resonators have best performances in the MDa to GDa mass range, where most technologies, including MS, struggle
to measure masses.

Methods:

We developed a novel architecture for nanoresonator-based MS of high-mass biological nano-particles combining
solution nebulization by surface acoustic wave nebulization, efficient transfer and focusing by an aerodynamic lens
without relying on electromagnetic fields, and mass measurement using an array of frequency-addressed
nanomechanical resonators.

Results:

The system’s particle transfer and focusing performances were characterized using NIST standard 45 nm polystyrene
nanoparticles. Particle transfer from solution to the detector chamber reached ~7.5%, and the particle beam could
be collimated to a 1.5 mm diameter with divergence better than 1°. Mass measurements of NIST nano-particles
were in agreement with expectations based on polystyrene density and specified size distribution. The system was
then employed for the measurement of empty and filled bacteriophage viral capsids with theoretical masses up to
105.4 MDa demonstratingits bio-analytical capabilities. Measured masses were within ~1% of their theoretical values
for both empty and filled capsids. The measurement of the mass of bacteriophage T5 capsids containing the viral
genome is, to the best of our knowledge, the largest defined molecular mass ever measured, and with a resolution
of 75, it is also the highest reported resolution for single particle measurements above 10 MDa.

Conclusions

We have successfully developed a new nanoresonator-based MS system for high mass measurement. This system
determined the mass distribution of ~30 MDa polystyrene nanoparticles with a detection efficiency 6 orders of
magnitude higher than previous nanomechanical-MS systems with ion guides, and successfully performed the
highest molecular mass measurement to date with less than 1 picomole of bacteriophage T5 105 MDa viral capsids.

Novel Aspect:
An efficient nanoresonator-based MS system architecture allowed individual particle mass measurement without
ionization in the MDa to GDa mass range.
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Introduction

Native mass spectrometry (MS) has a strong potential for its application towards the systems where other
biophysical techniques are futile (1). In yeast, the dedicated guided entry of tail-anchored proteins (GET) pathway
targets and inserts tail-anchored (TA) proteins into the endoplasmic reticulum (ER) membrane. A complex of two
membrane proteins, Getl and Get2, captures the TA protein from the Get3 cytoplasmic chaperone and mediates its
membrane insertion.

Methods

We applied high resolution native MS based methods to recombinently purified Get complex proteins: Getl and
Get2 membrnae proteins and Get3 soluble protein. The experiments were performed on a Thermo QExactive-Plus
instrument that has been modifid for tranmission of intact protein ions under native condtions and for trapping the
ion in the source region under optional elevated activation energy (2).

Results

Overexpression and purification of Getl-Get2 membrane proteins was optimised and a full detergent screen was
perfomred to achieve correct stiochiometry of the complex. We show that Getl-Get2 forms a dimer of dimers in
surfo, providing the first direct evidence for their stoichiometry. With the help of convential lipidomics approach we
showed thatthe complex specifically interacts with a molecule of phosphatidylinositol and is destabilised by
detergents that disrupt this interaction, indicating lipid-protein interactions are important within the Getl-Get2
complex. A seperatly purified Get3 protein was then mixed with Get1-Get2 complex and we demonstrate that Get1-
Get2-Get3 interacts with a 2:2:4 stoichiometry and that each pair of identical membrane proteins bind one Get3
dimer, providing new insights into the structure and function of the TA protein targeting complex at the ER
membrane.

Conclusions

Our native MS and denaturing lipidomics data explain the role of detergents and lipids in the stability and correct
stiochiometry of membrnae protein translocation pathway complex. These observations for the first time explain
insights into the mechanism of TA proteins translocation to ER membranes and provide a platform for further
biophyscial characterisation of the complex by X-ray crystallography or electron microscopy.

Novel Aspect
MS potentail for understaing the fundamental biological processes, in this case, Get complex is revelaedand the
study opens a door for membrnae protein stiochiometry ralted questions.
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Introduction

A single point R132H mutation of human isocitrate dehydrogenase 1 (IDH1) is responsible for inhibition of epigenetic
regulators and is assoicated with a variety of cancers including over 70% of gliomas and 30% of myeloid leukemias.
Inhibitors of the R132H IDH1 isoform are currently in preclinical and clinical trials. We present ‘native’ (non-
denaturing) MS data on the binding of several of these inhibitors to IDH1 and we compare the results with data from
other Methods:

Methods

An IDH1 / inhibitor solution in ammonium acetate buffer, at different enzyme/inhibitor ratios, was analysed using a
Nanomate nESI source (Advion) coupled to a Synapt qTOF MS (Waters). Inhibitors tested included Novartis 224 and
GSK 864, and AGI-5198, AG 120 and enasidenib (Agios). The binding stoichiometries for the wild type (wt) and R132H
IDH1 and the dissociation constant KD were defined and native MS data were compared with the data from UV-
absorbance, ITC and NMR.

Results

Mass spectra were consistent with the dimeric state of IDH1, single-site binding for AGI-5198 and AG-120, and two
binding sites for GSK864 and Novartis 224. Enasidenib showed almost no binding to R132H IDH1 and single-site
binding to wild type IDH1. KD measurements for the enzyme/inhibitor complex ranged from the low uM for AG-120
and GSK 864 to high uM values for AGI-5198/wt IDH1. For AG-120, GSK864 and Novartis 224, the difference
between affinities to the wild type and R132H mutant enzyme was small. A large difference in KD was found for AGI-
5198 binding to wt and R132H IDH1: 580 uM and 80 uM, respectively. KD values for AG-120 and GSK864 were in the
same low pM range as the KD values from our NMR measurements. KD values for AGI-5198 and Novartis 224 were
much higher than those from NMR. This may be indicative of a difference between the inhibitors in the binding sites.
Native mass spectra of the complexes between the two forms of IDH1 and their respective substrates were also
recorded. Studies on the effect of inhibitors on these complexes are currently underway.

Conclusions

We have demonstrated the utility of ‘native’ mass spectrometry in quantification of drug binding to a human
enzyme involved in the development of brain and other cancers. We have compared binding stoichiometries and
affinities of various inhibitors, and now are evaluating the inhibitor effect on the enzyme/substrate binding. Most of
the data corresponds well with the results from other methods, the rest can be rationalised in terms of different
binding mechanisms.

Novel Aspect

Stoichiometry of binding of various inhibitors to the IDH1 mutant and wild type enzyme that is involved in brain
cancer, and quantitification of binding affinities.
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Introduction:

Chemical cross-linking in combination with mass spectrometry is a powerful method to determine protein-protein
interactions. However, this method suffers from low identification rates without enrichment/fractionation. In this
study, we assessed azido MS-cleavable crosslinkers.Specifically, we evaluated different probes, capture resins,
elution protocols and fractionation for increased cross-linked peptide identification by mass spectrometry.

Methods:

Amine-reactive, MS-cleavable crosslinkers including DSSO and Azido-A-DSBSO[1] were used to crosslink standard
proteins and cell lysates. For azido-containing crosslinkers, samples were labeled with different biotin probes before
digestion and enrichment. Samples were analyzed by LC/MS on the Thermo Scientific™ Orbitrap™ Lumos™ mass
spectrometer. Thermo Scientific™ Proteome Discoverer™2.2 software and XlinkX node were used for data analysis.

Results:

A major challenge of crosslinking mass spectrometry is the relatively low abundance of crosslinked peptides after
protein digestion. This results in very few or no crosslinked peptide identifications by MS if the sample complexity is
greater than a few hundred proteins. Therefore, enrichment of crosslinked peptides is necessary to identify them in
complex samples. To specifically enrich modified peptides, affinity groups such as biotin have been incorporated into
the crosslinker structure. However, biotin-enrichment of crosslinked peptides is also challenging due to highly
abundant mono-linked peptides, contamination by endogenous biotinylated proteins and/or biotin in elution
buffers, and poor recovery from avidin/streptavidin resins. In this work we optimized protocol for an enrichable
crosslinker, Azido-A-DSBSO. The total time of sampleprep was reduced 3 times. To further separate monolinks from
fully crosslinked peptides, we also developed a workflow using biotin enrichment followed by SCX fractionation.
Conclusions

This new XL-MS workflow allows effective protein cross-linking in vivo to capture authentic protein interactions,
selective enrichment of cross-linked proteins and peptides to improve their detection. Our optimized enrichment
crosslinked peptide workflow with fractionation increased our identification of crosslinked peptdies by 20%
compared to enrichment alone for BSA samples and 30% for complex cell lysate samples.

Novel Aspect:
Optimized sample preparation and enrichment of MS-cleavable crosslinked peptides for mass spec analysis.
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Introduction:
Ervl (Essential for Respiration and Vegetative growth)is anFAD-dependent sulfhydryl oxidase which catalyses
disulfide bond formation and is required for the import and folding of small cysteine-containing proteins in the
mitochondrial intermembrane space (IMS) [1,2]. Our aim is to use hybrid MS to define the maturation mechanism:
oxidative folding, cofactor-binding and oligomerisation; of this essential enzyme to benefit the design of better
biocatalysts.

Methods:

Experiments were performed on full length Ervl and its isolated compact C-terminal domain. Native MS and
collisional activation prior to ion mobility, (alM-MS) were applied to provide insights into Ervl oligomerisation and
FAD-binding (Waters SynaptG2S). FAD was titrated into apoErvl to study the assembly pathway. Charge reducing
agents were used to mimic the solution like oligomeric order of Erv1.

Results:

Native MS experiments have shown full length Ervl (purified in presence of FAD) to exist in tetrameric, dimeric and
monomeric state. Both, tetrameric and dimeric Ervl display over bimodal charge state distribution, characteristic
for ordered-disordered systems. Still, Ervl displays unusually broad charge state distribution even for a disordered
system [3]. Addition of charge reducing agent to the buffer resulted in shift of the oligomerisation equilibrium to
narrow dimeric and tetrameric states and mimicked solution measurements. Highly conserved C-terminal domain of
Ervl displayed a narrow charge state envelope characteristic of folded proteins. alM-MS shows how intrinsically
unfolded Ervl species are more prone to release of FAD prior to the subunit dissociation. The energy barrier for
subunit dissociation in compact multimers is lower than the cofactor release barrier. Titration experiments of FAD
into apoErvl, present mainly as apo monomer and somewhat as apo dimer, show the assembly into a fully occupied
tetrameric Erv1 upon binding of the cofactor.

Conclusions:

Findings from MS provide new insights to define the maturation mechanism of Ervl. Ervl exits in several multimeric
states in the presence and absence of FAD, with a preference towards monomeric species in absence of the cofactor.
FAD binding is essential for coordination of monomeric and dimeric Erv1 into tetramers.

Novel Aspect:
Application of native MS and top-down IM-MS to study enzyme maturation process, along with use of charge
reducing agent to mimic solution conditions.
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Introduction

Enzymatic digestion of proteins is standard procedure in bottom-up proteomics. Alternatively, digestion can be
achieved by electrochemical (EC) oxidation of proteins, leading to specific cleavage at the C-terminal side of Tyr and
Trp residues. EC oxidation generates a mixture of cleavage and non-cleavage products. Cleaved peptides have a
unique spirolactone at the C-terminus, which can be employed for their enrichment [1,2].

Methods

Model peptides and small proteins were oxidizedat 1-2 V in an electrochemical flow-through cell with a carbon or
boron-doped diamond electrode. The cleavage products were specifically derivatized with amine-containing
reagents, including amine-biotin, at different pH values in the presence of metal ions. Derivatized peptides were
affinity-enriched and analyzed by LC-MS/MS.

Results

Model tripeptides including LWL were oxidized to optimize the cleavage conditions and the reaction conditions with
amine-biotin. At basic pH the peptide-spirolactone reactivity is highest, and a hydrolysis side reaction can be
prevented by stabilization with Cu(ll) ions. Other metal ions do not confer stability. The optimized conditions were
then applied to small proteins, including lysozyme, leading to extensive cleavage at most Tyr and Trp residues.
Enrichment of the cleaved, labelled peptides with streptavidin beads allowed the identification of the proteins in the
digest.The amine-biotin tag readily fragments giving rise to a peak at m/z 375 which was used to verify the presence
of enriched peptides. Further improvement of the enrichment using direct coupling of peptide-spirolactones to
activated resins is expected to enable analysis of more complex EC-cleaved protein mixtures.

Conclusions

Cleavage of proteins with multiple Tyr and Trp residues and efficient derivatization with amine-biotin in the presence
of Cu(ll) was achieved. Biotinylated peptides were enriched with affinity capture, and LC-MS/MS analysis was used to
identifythe protein. Specific biotin fragments enable verification of biotinylation.

Novel Aspect
An electrochemical protein digestion method was optimized for protein identification using peptide derivatization
and enrichment.
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Introduction:

Synaptic vesicles (SVs) are small storage organelles for neurotransmitters.They are densely packed with proteins and
pass through a trafficking cycle including fusion with the presynaptic membrane [1]. Membrane fusion depends on
formation of the SNARE complex whichconnects the two membranes [2].We combine chemical cross-linking and
native mass spectrometry (MS) to unravel protein assemblies in SVs as well as the interactions formed during
membrane fusion.

Methods:

SVs were purified from rat brain. Individual proteins were expressed in E.coli and purified via a His-tag. Proteins were
cross-linked using BS3 cross-linker. After tryptic digestion,cross-linked peptides were enriched by gel filtration,
analysed by LC-MS/MS on a Q Exactive Plus mass spectrometer and identified using pLink software [3]. Assembled
protein complexes werefurtherstudied by native MSusing a modified Q-ToFUIltima mass spectrometer [4].

Results:

SVs were purified from rat brain and major proteins were identified. Cross-linkingthen delivered first interaction
networks in intact SVs showingthat Syb plays a central role in complex formation presumably due to its high
flexibility. Using botulinum toxin to cleavedthe soluble segment of Syb and thus removed it from the protein
networksallowing usto identify additional protein interactions. To study Syb in detail, we purified different variants,
including full-length Syb, the soluble domain and a shorter segment. Using cross-linking and native MS we found that
all variants formed oligomers in solution; the shortest variant formed higher order oligomers suggesting unspecific
aggregation. By incubatingthe soluble segments of SNARE proteins or the full-length proteins incorporated into
liposomes (i.e. membrane mimics) we studied the intermediates of SNARE complex formation. Cross-linking and
native MS revealed protein interactions and stoichiometries in these assemblies.

Conclusions:

Our results provide novel insights into the heterogeneous protein interaction networks in SVs which are key to our
understanding of signal transduction in the neuronal synapse. In addition, by employing individually purified proteins
and variants thereof, we provide insights into the interactions formed in solution or when the proteins are
incorporated into membrane mimics.We are thus able to monitorSNARE complex formation and uncover
intermediate states.

Novel Aspect:
We provide first insights into protein interactions in SVs and pave the way to study membrane fusion by combining
complementary MS techniques.
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Introduction:

Key processes in a cell are carried out by protein complexes whose functions require tight regulation. The classical,
high-resolution methods used for understanding protein regulation are often insufficient when attempting to study
large protein assemblies, due to their size, heterogeneity and dynamic composition — thus, new methodologies are
essential. Native MS is one such method.

Methods:

| will present our studies involving different developments and applications of native MS approaches withexamples
focusing on protein-protein interactions, protein-ligand systems and antibodies3,4. | will also show a direct MS
method that enables characterization of recombinant proteins directly from crude samples. Involving proteins
produced in bacteria, yeast, insect and human cells.

Results:

The direct-MS approach can be carried out for proteins produced in prokaryotic and eukaryotic expression systems.
The method provides immediate information on the expression, identity, solubility, oligomeric state, post-
translational modification, ligand binding, overall structure and stability of overproduced proteins. | will show that
the expression profile, post-translational modifications, overall structure and stability of engineered therapeutic
antibodies, as well as glycosylated proteoforms of a modified protein can be immediately assed by analysis of the
crude samples. Moreover, | will demonstrate that the method is applicable for throughput characterization of
protein variants, as mutants and engineered constructs. Our method is general and can be applied on various mass
spectrometry platforms.

Conclusions

The major advantage of the method is that it considerably shortens the time gap between protein production and
characterization while saving the burden associated with purifying inactive variants. The approach is particularly
suitable for selecting the ideal protein expression host system, optimizing codon usage, expression levels and quality
and employing high throughput investigations of lead candidates.

Novel Aspect:
Given the broad use of recombinant proteins in biochemical investigations and in industrial and therapeutic
applications the method is expected to be widely utilized.
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Introduction:

Possible conformational modifications of antigens during aluminum hydroxide adjuvant adsorption are discussed in
literature for formulated vaccine for its potential impact on antigen immunogenicity [1-4].

The development of a mass spectrometry (MS) based technique called hydroxyl radicals footprinting (HRF) for the
direct characterization of adjuvant-adsorbed protein is discussed in this poster showing a case study on calmodulin
(CaM).

CaM is a small and well characterized protein that is part of calcium signaling pathways [5].

CaM is an acidic protein with two globular domains connected by a central linker. Each domain contains two EF-hand
sites that bind intracellular Ca2+ ions. Upon Ca2+ binding the EF-hand domains undergo to a conformational
rearrangement, exposing hydrophobic protein domains that can bind a wide range of target proteins.

Hydroxyl radical footprinting technique (HRF) [6] coupled to MS was chosen to detect conformational changes of
CaM, if any, when absorbed on aluminum hydroxide and then exposed to Ca2+ ions. Hydroxyl radicals are highly
reactive species that chemically modify the surface accessible amino acid side chains with a chemical susceptibility to
oxidation (+ 16 Da mass shift, or +32 or +14 depending on the residue). enabling monitoring of a wide number of
target sites and consequently providing structural information.

Methods:

Sample treatment protocol was developed ex novo to be compatible with aluminum hydroxide adjuvant. Fenton
chemistry catalytic reaction [6] was used to generate hydroxyl radicals in solution and regenerate the Fe(ll) species
with sodium ascorbate. The three Fenton chemistry reagents (hydrogen peroxide, Fe(ll)-EDTA, and sodium
ascorbate) were added together with the sample. Hydroxyl radicals reaction with CaM was tested at 4 different time
points (0, 2, 5, and 10 minutes) then reaction was quenched with thiourea. Subsequently protein were desorbed
from adjuvant to allow the enzymatic digestion. Protein desorption was obtained by overnight incubation of the
samples with phosphate buffer. Tryptic peptides are then analyzed on Q-Exactive Plus mass spectrometer (Thermo
Fisher Scientific) by LC-MS/MS DDA top5 experiment.

Data were processed to enable relative quantification of the oxidized methionine-residue. The 9 methionine
residues distributed along the protein sequence of CaM were selected as probes for structural modification probing.
Protein conformational characterization was correlated to the different solvent exposure of the methionine residues
calculated on their oxidation amount linear regression slopes at different time points.

Results and Conclusions:

Nine methionine residues (belonging to the protein sequence) where monitored on 4 different conditions,
considering or not adjuvant and Ca2+ ions:

1) In-solution CaM;

2) In-solution CaM 10mM CacCl2;

3) Adjuvant-adsorbed CaM;

4) Adjuvant-adsorbed CaM 10mM CacCl2.

Significant change in methionine oxidation rate slopes was observed in both cases of sample 2) and 4) respect to
their no-Ca2+ reference samples 1), and 3).
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This study demonstrated that HRF was able to detect induced confomational changes of CaM when exposed to Ca2+
ions in aluminum hydroxide-adsorbed samples.

Novel Aspect:
HRF is a new application for interface-adsorbed protein structural characterization by MS. Implementation of this
technique could provide an valuable analytical tool for adjuvanted vaccine efficacy and quality assessment.
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Introduction:

Characterization of over-expressed proteins is usually coupled to costly and time-consuming purification steps. We
previously presented a native MS approach for protein analysis directly from crude bacteriallysates without
purificationl. Although prokaryotes expression systems are very efficent, they lack the machinery required for PTMs,
highlighting the need for eukaryotic hosts. Here we present a method forcharacterization of proteins directly from
crude samples from such systems.

Methods:

As model systems we used different eukaryotichosts that secrete recombinant proteins, the yeast P. pastoris
expressing the cellulose binding module (CBM) from C.thermocellum and human serum albumin (HSA), and Sf9
insect cells expressing Transferrin receptor 1 (Tfr-1). Growth media from cells were collected and buffer exchanged
into a MS compatible buffer. The different samples were analyzed using either an Orbitrap or a Synapt G2 HDMS
QTOF-based platform?2.

Results:

Initially we analyzed by native MS samples directly from P.pastoris and Sf9 growth mediaovercoming the need for
purification procedure.Examination of the different growth conditions allowed us to monitor expression already
after 24h of induction, from cultures, grown in 100ul medium in 96 well plates. We were able to monitor co-factor
binding and validate that Ca2+ is associated with the CBM binding pocket using incubation of media with EGTA and
calcium acetate. Furthermore, IM-MS spectra were measured for CBM directly from P. pastoris growth media. Using
arrival time distribution, the CCS (Q) was calculated and found to be highly correlated to theoretical CCS. Next, we
examined the Tfrl protein, secreted from Sf9 cells. Analysis of the crude growth medium generated highly resolved
spectra, which revealed four different glycosylation states of the protein. We validated this by releasing theN-linked
oligosaccharides by PNGase-F.

Conclusions:

Here we show that direct native MS can be efficiently applied to different eukaryotic secretion systems. By
examining the culture media of different expression systems we demonstrates that it is possible to rapidly
determine the identity, solubility, oligomeric state, ligand binding, modification level and overall structure of
secreted proteins. Moreover, we show that our method is not dependent on a specific MS platform but rather it is a
general approach that can be applied on various instruments.

Novel Aspect:

Here, we show that direct-MS can dramaticaly shorten the time gap between protein production and
characterization.
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Introduction: The structural determination of protein complexes plays an important role in the fundamental
understanding their catalytic function. Multiple analytical methods, including hybrid approaches such as cryo-
electron microscopy, cross-linking, and native mass spectrometry, are usually required for such type of analysis[1]. In
this study we combined multiple mass spec based structural proteomics techniques to characterize the rabbit 20S
proteasome complex.

Methods: Rabbit 20S proteasome complex was obtained from Boston Biochem. LC/MS bottom up, crosslinking and
intact/top down analysis were performed using a Thermo Scientific™ UltiMate™ 3000 RSLCnhano system and a
Thermo Scientific™ Orbitrap™ Lumos™ mass spectrometer. Native MS experiments were performedusing a modified
Thermo Scientific™ Q Exactive™ Plus MS[2]. Data were analyzed with Thermo Scientific™ BioPharma Finder3.0,
Proteome Discoverer™ 2.3, and ProSightPC.TM

Results: The 20S proteasome complex contains 28 subunits arranged into four stacked rings: seven alpha non
catalytic subunits and seven beta-subunits[3].In the first series of experiments we performed bottom up, intact and
top down analysis using databases of proteasome proteins from rabbit, human, and all species in UniProt. We
identified 224 proteins and 17 different types of proteasome subunits and used the results to verify or correct the
originally homology-based rabbit sequences. We then used this curated rabbit 20S proteasome database for all
other experiments. For structural characterization, we performed native MS intact and top down experiments using
a modified Q Exactive Plus mass spectrometer. The measured mass of the 28 subunits complex was consistent with
expected value of 716.4 kDa and pseudo-MS3 experiments enabled identification of alpha 2 and beta 6 subunits.
Crosslinking experiments using DSSO are combined with restraints from native and top-down MS to validate the
structure obtained through electron microscopy.

Conclusions:Combining results from different MS methods, including novel native top-down -pseudo MS3approach,
we were able to perform comprehensive analysis of the rabbit 20S proteasome.

Novel Aspect: Complete workflow for structural characterization of protein complex
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Introduction:

The F1FO ATP synthaseof Acetobacteriumwoodiiand the heterodimeric ABC transport complex TmrAB from
Thermusthermophilus are responsible forATP synthesis/hydrolysis and ATP-dependent membrane transport
mechanism, respectively. We are interested in the assembly of subunits and investigate requirements for the
different assembly steps. For TmrABwe apply ion mobility measurements to analyze conformational changes in
dependency of different ligands.

Methods:

In LILBID-MS a droplet generator generates droplets of an aqueous sample. These are transferred into vacuum and
irradiated with an IR laser (A = 2.94 um) which leads to an explosive expansion of the droplets, ionization and finally
a detection by a time-of-flightanalyzer[1].TheSynapt G2-S HDMS offers ESI-mass spectrometry combined withion
mobility (IM) measurements.

Results:

First we focused on the soluble part F1 of the F1IFO ATP synthase of Acetobacterium woodii. The plasmids pKV003
(7036 bp), pKV004 (6928 bp) and pKV019 (6822 bp) (which include either the atpA- (encodes a), the atpD- (encodes
B) or atpG-atpC(encodes ye) geneswere transformed in competent E. coli BL21gold(DE3) cells. The a-, B-subunit and
the ye-complexwere successfully purified by tandem affinity (Ni-chelating and Strep-Tactin) chromatography and can
be characterized by LILBID-MS. Recently we are able to show the assembly efficiencyof a-, B-subunits and also with
the central stalkye-complex of the ATP synthase in dependency of ATP and Mg2+. Furthermore the steps of assembly
were investigated by varying the laser energy.

A second project investigates three different ion mobility experiments we monitored conformational changes
(inward/outward facing structure) of the heterodimeric ABC transport complex TmrAB related to ligand transport
over the transmembrane by adding ATP/ADP at permissive conditions[2][3].

Conclusions:

At soft LILBID conditions we could show that the assembly efficiency in the soluble part Flcan be improved in an
ATP/Mg2+ environment. Unfortunately the assembly is not yet efficient as we expected. We will vary the position for
the purification tags to improve the assembly with the central stalkye.

With ion mobility experiments we are now able to monitor conformational changes of the ABC transport complex in
dependence of substrate binding and addition of nucleotides.

Novel Aspect:
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Investigation of the assembly of a protein complex, via native MS studies.Analyzing conformational changes of
membrane proteins with ion mobility.
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Introduction:

Gas-phase electrophoresis (on a nES GEMMAaka nES DMA) [1] separates surface dry particles according to their
electrophoretic mobility diameter (EMD) which corresponds to the sizeof spherical nanoparticles. As shown for
proteins and viruses [2,3], the EMD also relates to the molecular weight (MW) enabling to calculate an analyte MW
based on its EMD. We now focus onvirus-like particles (VLPs) and show the deviation of theirEMD / MW correlation
from other analyte cases.

Methods:

VLP samples were desalted and transferred to ammonium acetate solution prior to native ESI MS and nES GEMMA
analysis. Data for the following VLPs were combined / obtained: Human Rhinovirus Serotype 2 (HRV-A2) empty
subviral particles [3], Hepatitis B Virus VLPs with T3 and T4 symmetry [4] and several norovirus VLP strains.

Results:

VLPs of sufficient purity and concentration can be analyzed via native ESI MS and nES GEMMA. Comparing EMD
values from nES GEMMA and MW values from native ESI MS experiments yields an EMD / MW correlation for VLPs.
The particle MW is related to the EMD via a function to the power of approx. 3.5. Therefore, the EMD / MW
correlation for VLPs was found to be significantly different from a similar correlation obtained for viruses (power of
approx. 3.7) [3] and proteins (power of approx. 2.9) [5]. Hence, in order to be able to calculate reasonable MW
values based on EMD data, the substance class (protein, intact virus, VLP) of the analyte in question needs to be
known. If this requirement is met, nES GEMMA based calculation of a particle MW represents an interesting
alternative at atmospheric pressure to the native MS approach.

Conclusions:

We demonstrate that an EMD / MW correlation for VLPs can be obtained. Based on this data and EMD values
obtained via nES GEMMA, MW values for VLPs of unknown MW can be calculated. In addition, we demonstrate the
deviation of EMD / MW correlations for proteins and virus particles from the VLP case. A larger VLP dataset will
further improve our EMD / MW correlation for VLPs.

Novel Aspect:
We (i) present an EMD / MW correlation for VLPs and (ii) demonstrate the deviation of this VLP correlation from the
protein and intact virus case.
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Introduction:

The CRISPR-Cas system of bacteria or archaea is an adaptive immune system against foreign DNA. The type |
systemuses a large ribonucleoprotein surveillancecomplex called ‘Cascade’ in which the crRNA targets the
foreignDNA by base-pairing and thus triggers DNA degradation. We used native mass spectrometry(MS) to
determine the protein stoichiometries of CRISPR-Cascade complexes containing longer or shorter crRNAs than the
wild-type complex.

Methods:

Streptococcus thermophilus(St) CRISPR-Cascade was purified as described [1].The purification buffer was exchanged
against 200 mM ammonium acetate prior to native MS. Intact St-CRISPR-Cascade complexes werethen analyzed on a
Q-ToF Ultima mass spectrometer modified for transmission of high mass complexes [2] using gold-coated capillaries
prepared in-house [3]. Mass spectra were processed and analyzed using MassLynxx and Massign software [4].

Results:

St-CRISPR-cascade complex was purified and cascade subunits were identified by LC-MS/MS and database searching.
All five subunits (i.e. Csel, Cse2, Cas5, Cas6 and Cas7) were identified.

Next, we used native MS to define the stoichiometric of the wild-type CRISPR-cascade complex containing crRNA,
Csel, Cse2, Cas5, Cas6 and Cas7  subunits. The native MS  spectrum revealed a
Csel1(Cse2)2(Cas7)6Cas51Cas61crRNAL1 complex. The native MS spectrum also showed subcomplexes which lost
Csel and Cse2 subunits as well as some copies of Cas7.

We further analyzed the impact of shorter or longer crRNA on the stoichiometry of the cascade complex. For this, we
employed crRNAs which are 12 nucleotides longer or shorter. The native MS spectrum of the complex containing
longer crRNA  showed one abundant  CRISPR-cascade complex with a  stoichiometry  of
Csel1(Cse2)3(Cas7)8Cas51Cas61crRNAL. In contrast, the mass spectrum of complex containing shorter crRNA
revealed several complexes; the most abundant complex was Cse11(Cse2)1(Cas7)4Cas51Cas61crRNA1.

Conclusions:

We conclude that an increase/decrease of 12 nucleotides in the crRNA results in addition or loss of two Cas7 and one
Cse2 subunits. The CRISPR-cascade complexes conatining longer crRNAappear to be more stable when compared
with the shorter crRNA containing complexesand form mostly one abundant complex. Currently, we analyse Cascade
complexes with variable crRNA length to gain insights into their stoichiometries and its impact on complex stability.

Novel Aspect:
We studied the impact of crRNA length on protein stoichiometry and complex stability of CRISPR-Cascade
complexes.
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Introduction:

Deuteration of protein is a one of the important technique in structural biology by using NMR or neutron scattering
method. Incorporation of deuterated subunit protein into the hydrogenated one brings a new aspect of molecular
dynamics in formation of multimer. As recent techniques for the deuteration have been more precise and more cost-
effective, a quick and facile method to characterize deuterated proteins has been anticipated. In this report, we
applied newly developed bench-top MALDI-TOFMS to analysis of deuterated BB-crystalline to study substitution of
hydrogen to deuterium in three different ways, molecular weight analysis, in-source decay, and tryptic peptide
analysis. Furthermore, we will report multimer formation of the protein by using high mass detector and cross-
linking chemistry.

Methods:

Human recombinant hydrogenated/deuterated [BB-crystalline was prepared with overexpression in E.Coli.
with/without deuterated culture medium, as described[1]. Three samples, deuteration ratios of which were roughly
estimated as 0%, 73%, and 98% (denoted as DO, D73, and D98, respectively), were subject to MALDI-TOFMS.
Concentrations of them were 3 to 15 mg/mL. Bench-top MALDI-TOFMS (MALDI-8020, Shimadzu Corp., Japan) was
applied to perform molecular weight measurement of whole proteins, in-source decay, and tryptic digest analysis in
linear mode. Sinapinic acid, 1,5-DAN, and CHCA were used in those experiments. A cross-linker reagent was obtained
from Covalx (Switzerland). All samples were reacted with the linker following an instruction provided from the
company. After the reaction, desalted samples were mixed with sinapinic acid, then applied onto a stainless MALDI
plate. MALDI-TOFMS (AXIMA-Performance, Shimadzu Corp., Japan) equipped with HM3 high mass detection system
(Covalx, Switzerland) was applied to detection of cross-linked multimer in positive linear mode. The TOF analyser
was calibrated using BSA and its multimer

Results:

Even though the newly developed bench-top MALD-TOFMS has only linear mode, its performance was sufficient to
estimate the deuteration ratio of the protein. Whole protein analysis of three samples was conducted with sinapinic
acid, and mass shifts against D0% (hydrogenated) protein were estimated. While theoretical shift for 100%
deuterium substituted protein was 1107.5, an observed shift of D98% was 1100, which indicates 99% deuteration
ratio as almost expected. As well, an observed mass shift of D73% was 762.8, indicating 69% deuteration ratio, which
was a little lower than expected. In-source decay using 1,5-DAN was conducted to examine an internal sequence of
the proteins. Despite lower mass resolution caused by higher laser irradiation, a series of c-ions, observed up to 67
residues, were well-assigned to deuterated amino acids within the modest error, suggesting almost no significant
bias of the deuterium substitution at any amino acid. Then, three proteins were digested with trypsin and isotopical
distributions of each digested peptides were investigated. By simulation of isotopical distribution, deuteration ration
of the peptides were estimated as 99%, which was consistent with the value obtained with whole protein analysis.
Additionally, hydrogenated BB-crystalline was subject to cross-linking MS with high mass detector to observe
multimer formation. As preliminary result, widely disperse multimers were detected at the mass range from m/z
200k to 500k. Interestingly, whereas an intense monomer signal and a weak dimer signal were also observed, there
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was no intermediate formation of multimer, which is consistent with the proposed concept of “traveling subunits”
that could be a transiently liberated in subunit exchange[1].

Conclusions:

Deuteration of protein was investigated with a newly developed bench-top MALDI-TOFMS. Molecular weight
analysis, digested peptide analysis, and ISD enabled to estimate a deuterated ratio, which is critical factor in study of
a dynamics of protein multimer with small angle neutron scattering. The accessible bench-top instrument could
contribute to structural biology in prior use for the neutron scattering or NMR. Furthermore, the multimer of the
crystalline was stabilized with cross-linking chemistry, and observed with high mass detector, through-put of which
could be higher than native MS using ESI in analysis of multiple subjects.

Novel Aspect:
A deuterated ratio of @B crystalline was estimated with a newly developed bench-top MALDI-TOFMS, and multimer

of the protein was observed with cross-linking chemistry and high mass detector successfully.
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Development of a cryo-stage for LESA mass spectrometry

— towards truly native surface sampling of proteins

Bin Yan, Adam Taylor, Josephine Bunch

National Centre of Excellence in Mass Spectrometry Imaging, National Physical Laboratory, Teddington, UK

Introduction:

Liquid extraction surface analysis (LESA)is a powerful method for measuring proteins from surfaces.In this work we
present development and initial testing of a cryo platform for LESA MS. We explore the use of native sampling
solutions for probing proteins directly from frozen surfaces.

Methods:

An AdvionTriversaNanomatenano-electrospray source coupled with a Waters Synapt G2Si mass spectrometer was
used for LESA MS. Modifications to the sample recess were made to incorporate water cooled copper bars and a
thermoelectric peltier cooling system. Protein and LESA sampling solutions were prepared using either 100 mM
ammonium acetate or 1:1 water/methanol with 0.1% formic acid.Experiments were conducted at room temperature
and using the frozen stage.

Results:

Preliminary results wereobtained for ubiquitin. In ammonium acetate (20°C), native LESA sampling yielded ions with
anarrow charge state distribution (5+ and 6+). However, H20/MeOH with 0.1% FA as the solvent resulted in abroad
charge state distribution of ubiquitin ions (5+ to 13+) and slower average ion-mobility,indicating protein unfolding.
For ubiquitin dissolved in H20/MeOH with 0.1% FA, denatured sampling also produced ions with a broad charge
distribution. However, surprisingly, the mass spectrum acquired by native sampling of this denatured protein is
dominated again by only 5+ and 6+ ions, which could be the evidence of protein re-folding. This was further
supported by faster average mobility. The results using cryo sampling show very similar trend at room temperature,
though the relative abundancies of +5 and +6 ions differed for native LESA of denatured vs native proteins (1:2 for
the former; 2:1 for the latter). Theion mobility was slightly slower than that of the original folded protein ion.

Conclusions

Protein unfolding or re-folding was observed to occur in LESA mass spectrometry study. The charge state
distributions in the acquired mass spectra can not necessarily be used to judge whether the original structure of the
studied protein is folded or unfolded.By employing cryo sampling method, the extent of protein unfolding or re-
folding during LESA process can be largely minimized, therefore making truly native surface sampling of protein
promising.

Novel Aspect:

A cryo-stage was developed for LESA-MS. With this protein re-folding and unfolding can be minimized during
sampling so truly native surface analysis could be fulfilled.
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Introduction:

Human noroviruses (HuNoV) are non-enveloped RNA viruses belonging to theCaliciviridae family and the main cause
of viral gastroenteritis. From the crystallographic structure, it is apparent that the norovirus capsid protein
protruding (P) domain binds to glycans on the cell to mediate cell attachment. A detailed investigationof P domain-
glycan interaction by native mass spectrometry (MS) is used to shed light on the mechanism behind viral cell entry.
Experiments:

Native MS is applied to investigate glycan binding to different HuNoV strains. Blood group antigen B tetrasaccharide
was used to characterize glycan binding affinity and build titration curves. Other groups of carbohydrates such as
gangliosides, human milk oligomers and globosides have been measured. We also tested multivalent glycan
mimetics with different spacing and number(s) of glycan of interest for binding to P dimers to resemble glycan-
binding in the natural situation. The number of binding events per type of natural saccharides and multivalent
ligands will be compared and investigated between norovirus genotypesto elucidate binding profiles of glycans.
Results:

The results elucidate the dissociation constants (KD) of natural glycans and glycan mimetics in norovirus cell
attachment. Blood group antigen B revealed highest binding affinity among tested glycan candidates with a range of
100uM KD for the first binding event. A similar value was obtained by Saturation transfer difference nuclear
magnetic resonance (STD-NMR). Another galactose containing natural glycan however showed similar binding
affinity in native MS, while NMR data shows that single galactose cannot bind. The glycan mimetics binding affinity
increases with increasing number of galactoses. The fucose containing mimetics showed good affinity but no avidity
yet indicating that the spacing or rigidity requires further optimization. Another set of glycan mimetics based on
these results are currently under investigation.

Keywords:
Native Mass Spectrometry, Noroviruses, Glycan, P domain, Binding.
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A.06 LIFE SCIENCES - MASS SPECTROMETRIC ANALYSIS OF FORENSIC SCIENCE EVIDENCE
593 - HUMAN SALIVARY GLYCOMICS FOR SALIVA-SPECIFIC SIGNATURES BY NANOPGC-LC/MS
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Introduction:

Human saliva, which is often found at the scene of the crime, must be distinguished from other fluids in order to be
recognized as legal evidence. However, conventional methods to identifysaliva have lack of specificity due to cross-
reactivity with other fluids. Here,we have explored saliva glycosylation using nanoLC/MS to examine saliva-specific
signatures which can differentiate human saliva from other biological fluids.

Methods:

Whole saliva was collected from 30 healthy donors. N-glycans weredirectly released from saliva (50uL) by PNGase F
and then enriched by PGC-SPE. Saliva N-glycans were comprehensively analyzed by nanoLC-PGC chip/Q-TOF MS and
tandem MS. To determine human saliva-specific glycans, human saliva N-glycans were compared with human fluids
and animal saliva. Individual and environmental variations of saliva glycosylationwere also assessed.

Results:

Approximately 100 N-glycans were determined through human saliva samples. Interestingly, most glycansfound in
saliva were decorated with more than onefucose. In particular, highly fucosylatedN-glycanscontainingat least 4
fucoseresidues were observed in abundance (up to 14%).Interestingly, sialylated N-glycans were highly abundant
(>70%)in human serum. Acidic glycans with O-acetylation on a sialic acid were found in rat saliva as major
components at a high ratewhile sulfation on outer HexNAc was solely observed in bovine saliva. Conclusively, highly
fucosylated N-glycans(n=19) and significant fucosylationlevels(> 50%) were determined as saliva-specific signatures
for identifying human saliva from other vital fluids.These significant glycans were further investigated to validate
individual variation and sample stability. Human saliva-specificglycans were consistently observed regardless of the
collection date whilethey were graduallydecreased during storage time of saliva (1, 2, 3, and 7 days) at room
temperature.

Conclusions:

This study demonstrated the feasibility of MS-based glycomic approach for distinguishing human saliva from other
body fluids. Nineteenhighly fucosylated N-glycans were exclusively present in human saliva and fucosylated N-
glycansaccount for more than 50% quantity of total glycans found in saliva. Saliva-specific glycans and their amounts
can be used as a bio-signature to differentiate human saliva from other biological fluids in forensic science.

Novel Aspect:
For the first time human saliva-specific glycans were identified by mass spectrometry-based glycomic approach.
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Introduction:

Quadrupole Time-of-flight mass spectrometry (QTOF-MS) provides high-resolution, accurate-mass data for full-scan
information of both precursor and product ions making it ideal for forensic screening where unknown compounds in
biological samples must be identified. In this presentation, a single-injection method for screening for the enhanced
identification of 664 most up-to-date forensic compounds using an innovative benchtop QTOF-MS system is
described

Methods:

Urine and whole blood samples were spiked with stock standard mixtures and used to determine the retention times
of the 664 compounds. Samples were extracted and further diluted with mobile phase for chromatographic
separation. Mobile Phase was ammonium formate in water and formic acid in methanol, 600 pL/min flow rate. The
QTOF-MS was operated in positive electrospray mode with information dependent acquisition MS/MS methods for
accurate compound identification.

Results:

Separation performance was evaluated with different mobile phases (acidic and neutral), gradient conditions, and
column types. Results indicate that most of isomeric compounds were fully resolved with a neutral buffer and a 10-
min linear gradient. Analyte retention time (RT) was a critical element for accurate identification all 664 compounds
using this screening method. Reproducibility tests indicated that the RTs obtained from the optimized LC conditions
were consistent and reproducible. RTs measured have %CVs of less than 5% for all compounds. RT inter-day
reproducibility resulted in %CVs less than 5% over 3 days. RT variability in human whole blood and urine samples
indicated that the %CV for 3 individual lots is less than 5%. The optimized LC conditions combined with MS/MS
spectra, enabled accurate compound identification with this workflow. Retrospective analysis was also performed on
the acquired data sets to screen for new compounds without having to re-inject samples, allowing to re-process data
sets as new targets were discovered.

Conclusions

We have developed a QTOF-MS screening method for 664 forensic compounds, the optimized LC conditions
combined with MS/MS spectra, enabled accurate compound identification. In addition, because the data was
acquired in a non-targeted approach the processing method designed here for screening targeted compounds can
be quickly adjusted and used for unknown compound identification using a non-targeted data processing, without
having to re-inject samples.

Novel Aspect:

High resolution Mass Spectrometry Analysis of 664 forensic compounds in a single injection using an innovative
benchtop QTOF-MS system.
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Introduction:

Forensic analysis of cocaine in hair requires a sensitive and reliable analytical workflow. There are two major
challenges for the detection of this compound and its metabolites in hair samples: Low concentration and matrix
interferences. In this presentation, an analysis workflow combining the use of triple quadrupole linear ion trap mass
spectrometry with solid phase extraction (SPE) for the of picogram detection of Cocaine and Metabolites in hair is
described.

Methods:

Hair samples were washed, dried and cut into ~ 2 mm segments. The analytes were extracted via sonication for four
hours. Supernatants were subsequently passed through SPE cartridges, dried and reconstituted in mobile phase for
HILIC separation. Mobile Phase was ammonium formate in water and acetonitrile, 400 uL/min flow rate. A SCIEX
QTRAP® 6500+ LC-MS/MS system operating in positive electrospray mode was used for detection, with two MRM
transitions for all analytes.

Results:

One of the main challenges encountered throughout the study was to obtain of clean hair extracts for the reliable
detection and quantitation of cocaine and metabolites from hair due to the presence of complex matrix contents. To
remove these interferences, Phenomenex Strata-X SPE cartridges were successfully used to selectively isolate the
drug and its metabolites. Analyte extraction recoveries were demonstrated to be greater than 80 % enabling the
analytical workflow to obtain sub pg/mg Lower Limits of Quantitation (LLOQ) in hair matrix. The workflow showed
excellent accuracy (>95%) and precision (< 15%), with excellent linearity resulting in R2 values of 0.9990 for all
analytes. In addition to quantitation, the SCIEX QTRAP® 6500+ LC-MS/MS system enabled simultaneous
identification and confirmation of illicit drugs and their metabolites through utilization of Enhanced Product lon Scan
(EPI) by acquiring full scan MS/MS data. Forensic drug identification and confirmation was achieved using automated
MS/MS library searching.

Conclusions

A quantitative SPE-LC/MS/MS analysis workflow for simultaneous determination of Cocaine and metabolites at
picogram levels was developed and evaluated in hair matrix. The method was demonstrated to be sensitive, precise
and accurate. Utilization of the SCIEX QTRAP® 6500+ LC-MS/MS system was demonstrated to provide unique
advantages in the ability to maximize selectivity when confirming and quantifying low level metabolites in hair.

Novel Aspect:

An efficient analysis workflow designed with triple quadrupole linear ion trap mass spectrometry allows the
picogram detection of the cocaine and metabolite in hair samples
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Introduction:

Identification of latent fingerprintcomposition has been carried out by several techniques. The technological
development of recent years has boosted the increasingly visible use of mass spectrometry. However, so far, the
chemical / biochemical fingerprint analysis has been performed by conventional mass spectrometry Methods:

Methods:

In the present work we characterized the lipidic profile of fingerprints on a non-porous surface by direct analysis
using ESI-FT-ICR mass spectrometry and demonstrate the applicability of ESI-FT-ICR-MS with Electrospray lonization
(ESI) in the detection and characterization of lipidsfrom human fingerprints.

Results:

In a single analysis, thousands of chemical species of different origins can be identified, thus generating extremely
valuable information that will lead to a chemical signature of a person at a given time. Concerning lipids, 140 lipids
were identified, corresponding to 13 FA sub-classes, 6 PR sub-classes, 17 ST sub-classes, 12 PK sub-classes, 2 SP sub-
classes and 1 GL sub-class, making a total of 51 sub-classes.

Conclusions:

This technique uncovered a high number of lipid subclasses, both of endogenous and exogenous origin, like what will
be obtained in real cases. This characterization will allow theidentification of individualizing and differentiating
elements to generate forensic evidence in criminal investigations.

Novel Aspect:
FT-ICR-MS analysis of human fingerprint.
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Introduction:

For forensic analysis,screening methods using LC-QTOF-MS are valuable tools due to the possibility of
qualitative/quantitative and retrospective data evaluation in a single run. Here,a workflow was validated for
qualitative and quantitative analysis of drugs and drugs of abuse in human urine andto assess its limitations and to
prove that cut-off values are met, a validation including LOD, LOQ, linearity, accuracy, selectivity, and precision was
carried out.

Methods:

93 substances of forensic relevance were spiked into ten different urine samples at concentrations 1 - 50 ng/mL.
Samples with internal standards were precipitated with acetonitrile. The dried residues were reconstituted and
analyzed on three LC-MS systems (Bruker Elute UHPLC with impact Il QTOF) in ESI pos.mode with full scan and
broadband CID spectra. Data evaluation was performed with TASQ using a database withMS and chromatographic
information on 2184 compounds.

Results:

Identification and semi-quantification at the lowest concentration (1.0 ng/mL) was achieved for 60 % of the
compounds; four compounds (paracetamol, norclomipramine, piritramid, and levetiracetam) were not detected,
probably due to matrix effects and/or low ionization yields. LOD was set to the concentration at which a substance
was detected in 95% of all measurements according to the following identification criteria: retention time + 0.3 min,
signal to noise ratio > 3:1 for all ions, [M+nH]n+ and [M+nH+1]n+ detected (MS), and at least two qualifier ions with
minimum one being a true fragment of the molecular ion (bbCID). The precision ranged from 8 % to 30 %. Overall
accuracy was good. Noteworthy, designer benzodiazepines and fentanyl derivatives were detected with
extraordinarily high sensitivity. Typical ‘date rape drugs’ like flunitrazepam, doxylamine, and diphenhydramine
showed LODs sufficient for detection of a recent uptake of these drugs.

Conclusions:

All substances with legal cut-offs according to German regulationswere detected below the respective
concentrations (factor 5).

Extrapolating the presented urine analysis results, application to blood and hair samples seems promising and is to
be evaluated/validated. Given the high frequency of new psychoactive substances emerging on web-based drug
markets, this is of great interest to the forensic field due to the possibility of retrospective data evaluation.

Novel Aspect:

Fully retrospective, highly sensitive qualitative/quantitative HRMS screening assay featuring semi-automated data
acquisition and evaluation.
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Introduction:

Cases of suspected driving under the influence of drugs (DUID) according to § 24a (2) of the German road traffic act
(RTA) usuallypre-screened by immunoassay (IA) and positive results are confirmed by LC-MS/MS since neither the
qualitative nor the quantitative information from IAs is admissible in court. We developed a fast and automated LC-
MSn method, combining the ease-of-use of I1As with unambiguous compound identification of an MS analysis.

Methods:

Step one of this project covers a general feasibility study including two different data acquisition modes (AutoMSn
and sMRM) for qualitative and/or quantitative analysis. It contains a sample preparation of 0.5 ml serum using LLE
with chloroform/isopropanol, applicable for all relevant analytes except THC. Analysis is carried out on an Acclaim
C18 column using a UltiMate3000 LC-system coupled to an amaZon speed ion trap within 5 minutes runtime.

Results:

During this study two data acquisition methods were evaluated and implemented: The Auto-MSn-mode facilitates
fast and easy qualitative analysis with automated result reporting whereas the sMRM-mode offers a first
guantitative estimate of the analyte concentration, simplifying subsequent confirmation analysis. Both methods
include the § 24a (2) RTA relevant compoundsamphetamine, methamphetamine, ecstasy, heroin, morphine, cocaine
and benzoylecgonine as well as codeine and6-acetylmorphine and have been validated according to the GTFCh
guidelines. Selectivity and LODs were verified for both Methods: For the sSsMRM-method linearity, matrix effects,
stability and accuracy were also determined. Measurement of 60 real case samples showed that neither the
AutoMSn- nor the sSMRM-method generated false-positive or false-negative results.

Conclusions:

Although sample preparation is still carried out manually at this point, the developed LC-MSn approach would be a
suitable replacement for IA testing in DUID cases according to § 24a (2) RTA. As a next step of this project, an online
SPE is currently evaluated and will be implemented to enhance the degree of automation of this approach.

Novel Aspect:

Detection of § 24a (2) RTA relevant compounds using a fast and robust LC-MSn method to avoid immunoassay pre-
screening in routine DUID analysis.
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Introduction:

In current forensic sciences, the method of Analysis, Comparison, Evaluation and Verification (ACE-V) is usedas an
attempt to identify people who have been at a crime scene through latent fingerprints [1]. Due to the limitations of
this technique, other analysis may be necessary for criminal prosecution, such as theskin microbiome that degradate
the fingermarks, which is stable over time and can delimit the list of suspects [2], [3].

Methods:

Skin microbiome samples were collected from the distal phalanges of the right hand of 6 volunteers, grown in a
blood agar plateat 370C for 24 hours, followed by the isolation in a liquid medium cultivated in the same
conditions.Then, an extraction protocol to MALDI-TOF-MSwas performed, applying 1ul of each supernatant in
MSP96 plate. The microorganism identification was conducted using the MALDI Biotyper software. Ethical protocol
for research under number CAAE 42845114.0.0000.5650.

Results:

Preliminary results identified the phyla Firmicutes and Actinobacteria as the most prevalent ones. The genera
Staphilococcus, Micrococcus and Bacillus were identified with scores between 2,000 and 3,000 by Maldi Biotyper,
presenting a safe result of genus and species. The species S. epidermis, S. capitis, S. warneri and M. luteus were the
most abundant in comparison to S. carnoso, S. conhii, S. hominis and B. licheniformis species. Fresher microbial
cultures present higher scoring results in MALDI MS with Biotyper. It was also identified diversity among genders,
with higher diversity in female samples versus male samples. Also, it was found different diversity degrees between
omnivorous and vegetarian diets withinfemale gender, especially in the generaMicrococcus and Bacillus.

Conclusions:

In the human skin the microbial richness and diversity on the surface are affected by several factors, such
ascosmetics, diet, diseases, age, sweat, hormone production, among others [4] - [9]. Due to these interferences, the
microbial "impression" would be individual [2]. Mass spectrometry by MALDI-TOF offers fast and accurate results
[10] - [12] and its use in the forensic microbial analysis will provide an analytical reproducible scientific evidence for
forensic experts.

Novel Aspect:
The use of mass spectrometry by MALDI-TOF and Biotyper to characterize individual and common microbiome for
application in Forensic Identification.
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Introduction

Roses are the most important Dutch cut flowers and are grown by companies under a global GAP (Good Agricultural
Practice) certificate that is used by e.g. European supermarket organizations. Certified companies have strict
requirements for safe, sustainably grown, high-quality and traceable products. Next to the Netherlands, Kenia and
Ecuador are the main exporting countries for roses. The question rises whether roses of unknown origin, which do
not meet these strict requirements, or roses from areas with a phytosanitary export ban due to occurrence of
certain plant diseases, are exported illegally under this certificate to the EU. Therefore, UvA, Naktuinbouw and De
Ruiter BV develop isotope analysis technology for provenance determination of roses. The stable isotopic
composition of H, C, N and O from plant materials depends on regional geological and climatic patterns, and
therefore provides a regional fingerprint of the plant.

Methods

In this study, we focus on development of methods for isotope ratio and gas chromatography (GC) mass
spectrometry analysis of stems and water from roses that were harvested monthly throughout the 9-month season.
Elemental analysis (EA) coupled to isotope ratio mass spectrometry (IRMS) was applied to investigate the use of
613C, 815N and total C and N profiles in the stems as a fingerprint for the country of origin. Furthermore, the 6180
isotopic composition of the xylem water in the rose stems, extracted via freeze-drying, was linked to 6180 of
irrigation water and the GNIP (Global Network of Isotopes in Precipitation) IAEA database, to determine differences
between roses from different geographical origins. A third method used was quantitative GC-MS analysis and
compound specific GC-IRMS analysis of leaf wax alkanes, extracted via solid phase extraction.

Results

The best separation of the groups was obtained from the water analysis using a combination of the §2H and §180
values of the rose and irrigation source water. The optimal time of freeze drying was at least 22 hours. 62H and
6180 values of source water do not vary much over the season and the variation within one batch is low,
furthermore theycorrespond well to the global mean water line (GMWL). The results show a correlation between
the source water and the local long-term GNIP averages (Pearson’s R = 0.9168 for 62H and 0.9029 for §180) and
betweenthe stem- and source water (Pearson’s R = 0.9959 for 62H and 0.9921 for §180),with constant isotope
fractionation between the source and the rose water data of about -4.613C and 615N values of bulk rose stem
analysis with EA-IRMS can also be used to distinguish roses from different origins, especially Dutch roses which were
clearly separated from Ecuadorian and Kenyan samples. The measured 815N isotope values also correspond well to
the reported literature values [1], even though other plants were used in this study. GC-MS analysis of the relative
concentrations of C27, C29, C31 and C33in leave wax extracts showed clustering according to the countryof origin. In
a previous study, similar results were obtained for the same alkanes in bell pepper [2, 3].

Conclusions
Three analytical strategies were investigated, based on IRMS analysis of §2H and 6180 of rose and irrigation source
water, 613C and 615N of rose stems, and on quantitative GC-MS analysis of leaf waxn-alkanes. All strategieswere
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able to discriminate between Dutch, Ecuadorian and Kenyan roses that were monitored monthly throughout the
season.The source water and long-termregionalGNIP data showed good correlationwith the rose water data, with
constant isotope fractionation of about -4. These multi-isotopicmethods are thereforesuited as a tool to verify the
geographical origin of roses in order to prevent fraud and phytosanitary problems.

Novel Aspect
This is the first time a combined strategy of multi-isotopic EA-IRMS and quantitative GC-MS methods has been
developed as a tool to verify the geographical origin of roses.
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Introduction: (Limit of 400 characters without spaces)

Thomas Chatterton (1752 — 1770) was a literary genius who tragicallydiedin unexplained circumstances [1]. At the
time, the Coroner claimed that he“swallowed arsenic in water and died, in consequence thereof” despite no arsenic
being found at the scene. In his belongs was a memorandum book, which had a dark stain running through its pages.
A police forensics report in 1947 stated that the stain “gives a positive reaction for opium alkaloids” but gives no
further details.

Methods: (Limit of 400 characters without spaces)

Herein, is a study to try to shed some light on Chatterton’s death using high resolution LC-MSnon an Orbitrap Elite
instrument. Preliminary tests were performed with codeine (an opium alkaloid) to test if it was possible to recover it
from paper after being deposited. This test proved successful, so then a sample of a stained page from the
memorandum book was extracted using methanol and dichloromethane and analysed by the same Methods:

Results: (Limit 900 characters without spaces)

The preliminary study showed the recovery of codeine from office paper. The extracts also contained unidentifiable
components probably from the paper itself, as well as the common phthalate and siloxane contaminants.Codeine
was recovered intact as well some possible degradation products, but these were not investigated further. In the
main study, a 2mm2 sample of a stained page from the memorandum book was extracted and analysed by both
direct infusion ESI-MS and HPLC-MSn. As expected, from a sample of this age, the extract was very complex, and no
signal was observed for any intact opium alkaloids. The LC-MS analysis, however, showed a cluster of at least 15
peaks with molecularweights in the 200-300 m/z range. 8 of these have been confirmed by accurate mass MS/MS
analysis to be known degradation products of morphine [2]. A further 7 components have also been identified as
being possible unpublished degradation products of morphine, codeine or thebaine.

Conclusions (Limit of 400 characters without spaces)

This study demonstrates the extraction and identification of at least 8 known morphine degradation products from a
250-year-old book by high-resolution HPLC-MSn. The presence of a further 7 opium alkaloid degradation products is
also proposed. These results indicate that the stain originally contained opium alkaloids, most probably in the form
of laudanum — a popularly prescribed medical treatment of the day.

Novel Aspect: (Limit of 150 characters without spaces)
The demonstration of modern analytical methods to the study of a ‘mystery’ stain in a 250-year-old book found at
the scene of an unexplained death in 1770.
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Introduction

Analysis of blood at a crime scene can inform an investigation but current enhancement techniques can provide false
positives. Bottom up proteomic MScandetect blood and indicate its origin [1]. Blood specific proteins can be
visualised directly on the ridges of a fingermark [2]. In this study, human and animal blood, biofluids, and substances
that elicit a positive response to presumptive testshave been examinedpre- and post-enhancement.Blood
identification wasbased onproteotypicpeptides. Manual and automated PMF methods were trialledto identify the
samples.

Methods
Bloodstains and fingermarkson glass slides were received from Elite Forensics©. Stains were digested with 250ug/ml
trypsin after swabbing and extraction, followed by spot analysis via MALDI MS Profiling. Fingermarks were digested
in situ using a SunCollect auto-spraying system, incubated for 1 hour and then sprayed with matrix (adCHCA) using
the same system. MALDI analyses were carried out on a Synapt G2 HDMS. Images were processed using Waters HDI
software.

Results

Preliminary results show a 100% correct identification rate when human blood samples were analysed blindly in
enhanced and non-enhanced form. This classification rate is based on 1/3 of the samples analysed so far. The prior
use of blood enhancement techniques has not interfered with the retrieval of proteotypic peptides. Other biofluids
and substances such as egg yolk were correctly classified as non-blood. Manual PMF is based on specific criteria
including ion signal exclusion from the mass lists. Whilst manual PMF is highly successful in sample classification, the
use of the automatic PMF software correctly attributes human blood with a low probability score. Animal blood
presents additional difficulties. Prior investigations have correctly classified animal blood. In this study, some animal
blood samples were classified as non-blood, likely to be as a result of blood sampled from meat packets rather than
venous blood, which has led to the acquisition of spectra with low signal to noise impacting on the PMF, both in
manual and automatic mode.

Conclusions

This first stage validation study has developed methods to correctly classify human blood and non-blood samples.
Whilst correct classification of animal blood is possible, determination of provenance has been compromised.
Further research into improvement of MS acquisition methods as well as of the treatment of the data is in progress.
Venous animal blood (instead of from meat packets) will also be trialled and results compared to assess robustness
of the Methods:

Novel Aspect
Proteomics MALDI MS methods were validated for use in police casework. Robustness of PMF software using a
peptide library was assessed against manual PMF ofproteotypic peptides.
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Introduction:

Screening of Drugs of Abuse (DoA) in biological matrices is mainly based on triple quadrupole or high resolution mass
spectrometers using data dependent acquisition workflows (DDA). The development of data independent acquisition
such as SWATH, differential ion mobility (DMS) and electron induced dissociation (ExD) opens new possibilities for
comprehensive and multidimensional for simultaneous qualitative and quantitative analysis.

Methods:

Data were acquired on either a triple quadrupole linear ion trap (QTRAP5500, Sciex) equipped with DMS (Selexion,
Sciex) or a quadrupole time of flight equipped with DMS and a prototype chimeric collision cell allowing to perform
collision induced dissociation (CID) or electron induced dissociation (EID). Human urine samples were analyzed using
reversed phase liquid chromatography.

Results:

Various workflows have been development for the direct analysis of DoA on tissues or in biological fluids such as
urine using multidimensional MS approaches. For direct MS analysis using ambient ionization or for LC-MS modifier
assisted DMS offers an additional separation dimension. Contrarily to pharmaceutical investigation toxicological
screening cannot rely and the origin/nature of the drug neither on the intake time nor the frequency.
Comprehensive LC-SWATH/MS allows to collect in the same analysis precursor ions as well as fragment ions.
Information can be obtained either hypothesis driven or with the use of multivariate analysis post-acquisition. This
provides a powerful tool for the screening of DoA as well as the monitoring of the exposome or to monitor the
change in endogenous metabolites in human urine samples. In addition to CID electron induced dissociation of singly
charged precursor ions (protonated or adducts) generates additional information for structural identification of
metabolites.

Conclusions

The complexity of biological samples and the problematic of DoA call for improved methods for screening and
quantification. Novel development in mass spectrometry such as DIA, ion mobility and EID with or without
chromatography separation can be used to extend the toxicological knowledge as the intake of a DoA can also be
monitored based on theircontaminants.

Novel Aspect:
Integration of data independent acquisition, ion mobility and electron induced dissociation in drug abuse screening.
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Introduction:

The detection of pseudoendogenous steroid doping is currently based on the evaluation of the urinary steroid profile
as described inWADATechnical Document TD2016EAAS [1]. Despite this some physiological and/or pathological
conditionsit could compromise the application of these criteria [2-3]. For this reason the direct detection of intact
synthetic esters of testosterone in plasma/serum gives unequivocal proof of exogenous testosterone administration.

Methods:

After liquid-liquidextractionat pH 9 (carbonate buffer 20% w/V) with n-hexane/ethylacetate (70/30 V/V) [4] all
plasma/serum samples were analyzed by gas-chromatography coupled to tandem mass spectrometry (GC-MS/MS)
with electronic impact (El) ionization and multiple reaction monitoring (MRM) acquisition mode. Testosterone esters
were revealed as trimethylsilyl derivates.

Results:

In the first step of our work a qualitative validation was carried out for all testosterone esters studied (acetate,
propionate, valerate, isocaproate, caproate, benzoate, hexahydrobenzoate, enanthate, cypionate, octanoate,
decanoate, phenylpropionate, undecanoate, laurate).Considered parameters are specificity/selectivity and limit of
detection. According to the WADA rules [5]were also investigated the mass spectrometric and the chromatographic
criteria for the identification of analytes for doping control purposes. The criteria were satisfied for twelve
compounds and the method is specific and selective for all of these.

In a second stepa quantitative validation was carried out for five compounds present in the most marketed
pharmaceutical preparations probably abused by athletes. Considered parameters are specificity/selectivity, limit of
detectionand quantification, recovery, linearity, repeatability and accuracy. The selected esters are identified and
quantified in plasma/serum with an error less than 15 %.

Conclusions

The determination of testosterone esters in plasma/serum by GC-MS/MS should allow a confirmation of the
administration of exogenous testosterone for doping purpose. The presented method was qualitative validated for
twelve esters and quantitative validated for five esters and can be used to detect the presence in blood of those
testosterone esters currently present in pharmaceutical preparations that can be abused by athletes.

Novel Aspect:

Number of esters detected in each sample andpossibility to confirm the composition of seized pharmaceutical
preparation by responsible authorities.
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Introduction

According to the Food and Agricultural Organization (FAO),global production of major wood products increases at a
3-6% per year. Some commercially valuable wood treated products are illegally used from endangered tree
species,that are not easily identified. DART-MS has been used to differentiate morphologically similar species with
great results[1-3].We want to build a software with a scalablereference database for forensic applications.

Methods

Reference spectraare generated from wood libraries at the Forensic Laboratory for Wildlife and Fish (US Forest
Service) from different tree species and samples.AnSQL reference database was constructed with 4,950 spectra from
301 different species. The Open Mass Fingerprinting Framework (OMFF) was designed as a webpage for easy
distribution, with html and bootstrap at the front end and Django to improve security of the back end. Multivariate
statistical analysis was implemented for data processing and identifying specific chemical markers.

Results

A software for tree identification based onthe DART-MS chemical profile data was constructed (OMFF). DART-MS
provides a fast analysis which requires minimal time and amount of samplemaking it ideal for processed wood
products (guitars, furniture, etc.). The program is user-friendly, open source webpagethat includes a reference
databaseforidentifying ofwood samples. Specific chemical markersare obtained from DART-MS fingerprint reference
spectra and compared with unknown samples.The results provide a list of species with a comparison probability
score. The software produces statistically meaningful information. While the number of samples for some species in
the reference database is small, the system can be expanded. The program was designed for non-expert users;
therefore, it can be implemented at critical points such as customs and ports.

Conclusions

The implementation of the OMFF software will help diminish traffic of protected wood species. CITES provides tools
for wood identification such as morphological, DNA and microscopy characterization. Using all the available tools will
improve identification confidence levels for wood species.

Novel Aspect
OMFF provides a reference database and reliable classification mechanisms for non-expert users to identify
morphologically similarwoodsamples.
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Introduction:

In real cases the analysis of questioned documents is undertaken with mostly non-invasive methods of examination
of paper base & covering materials. The methods applied should provide reliable and sufficient information to
address the following questions like wheather the document is genuine, if it has been altered (e.g. erased, bleached,
faded) or reproducted, if the covering materials (toners, inks) appearing on each page of document have the
common source [1].

Methods:

ICP Mass Spectrometer with Time-of-Flight Analyzer coupled with Laser Ablation system was applied for inorganic
chemical elements characterization of different inks. In this study 13 random, promotional pens were collected and
used to leave a straight few cm lines on a white piece of paper. The LA-ICP-MS parameters wereoptimized in order
to achieve satisfactory intensity of the ink signal for selected m/z, leaving the paper base almost untouched.

Results:

Inks are complex mixtures of different colorants, vehicles, and additives, which depending on the company, color
and type are adjusted in composition to produce the desired writing characteristics. In order to avoid loss or
destruction of a potential forensic evidence hardly destructive methods like LA-ICP-MS are desirable. This technique
with high discrimination and classification power can be successfully applied to differentiate inks on the same
document as well as to compare inks on other documents. In this work the mass spectra profiles for each randomly
selected & commercially available on the market inks (blue and black) were recorded and compared. They all
presented specific elemental features which made them distinctly different from each other. The gathered
information about elemental composition differences was supported by the feedback from chemometric Methods:
In the next step of analysis the “unknown” sets of 3 chosen samples using studied pens were prepared, tested,
discriminated and classified according to created model.

Conclusions:

The gathered data originating from collected mass spectra coupled with multivariate statistical methods present a
useful tool for dicrimination of studied unknown inks with insubstantial sample destruction and without any
methodological calibrations, which all being crucial from a forensicpractice point of view. The same methodology can
be applied to analyze real handwritten questioned documents since there is a justified need to use non-destructive
Methods:

Novel Aspect:
There is a constant need to create method with high discrimination power which can deliver objective results
offering the differentiation among brands & within the same brand.
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Introduction:

Ricin and abrin are highly poisonous plant toxins belonging to the type 2 ribosome-inactivating protein (RIP-I1) family.
These proteins are composed ofA- and B-chains linked by a single disulphide bond. The A-chainconfers cellular
toxicity, while cellular entry isthrough the galactose binding properties of theB-chain, which can be utilized for
isolation of these toxins.There is a demandforimproving toxin detection capabilities due to the terrorism threat
posed by them.

Methods:

Immobilized D-galactose gel (Thermo Scientific) in self-packed microspin columns and home-made galactose-coated
96-well microplates were utilized for enrichment of ricin and abrin from different kind of samples.Peptides from the
trypsin digested protein samples were identified by high resolutionmass spectrometry analysis (EASY nanolLC linked
to Fusion Orbitrap, Thermo Scientific). Released adenine in the depurination activity assay was measured with LC-
MS/MS (UPLC linked to Xevo TQD, Waters).

Results:

Two rapid galactose affinity enrichment methods were developed for ricin and abrin analysis from complex matrices.
Miniaturized immobilized D-galactose gel affinity columns were shown to be suitable for trace enrichment and high
sample throughput. This method can also be adapted for preparative purification of RIP-Il toxins.Also the solid-phase
enrichment by galactose array worked for trace enrichment and can be automated with microplate automation
instruments.

Ricin and abrin are fairly resistant to proteolysis.Protein unfolding was done with an acid-labilesurfactant - urea
mixture before digestionwith trypsin.ldentities of the resulting peptides were unambiguously confirmed byaccurate
mass LC-MS/MS product ion scans of peptides unique to each of the toxins.Quantification was accomplished with
isotope labeled AQUA peptides for both proteins and the achieved sensitivity and detection limits were comparable
to those of immunocapture enrichment Methods:

Conclusions:
Both galactosyl ligand methods were shown to have the capacity to enrich trace amounts of ricin and abrin from
various matrix extracts. Together with functional assay results, the high resolution LC-MS/MS data provides
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unambiguous identification of ricin and abrin in the samples.The solid-phase enrichment by galactose array can be
adapted for high-throughput screening.

Novel Aspect:

High throughput galactoseaffinity methods for ricin and abrinwith detection limits similar to the ones reported for
other enrichment methods were developed.
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Introduction: The timeliness of analytical assessments is fundamental for Police forces, initially relying on rapid drug-
screening tests. Scientific Police Service of Italian National Police adopts Young's reagent for the detection of
cocaine; however, there are numerous examples of false positives that require attention to the interpretation of test
result and, in some cases, confirmatory analysis must be performed.In this study an interesting case is presented.

Methods:

The analytical protocol adopted for the identification of the suspect compound involved both NMR and HMRS. The
sample was divided into two aliquots: one was analysed by means of LC-HRMS with Orbitrap technology and the
other one was subjected to analysis by NMR. The two techniques have not been used in a complementary but
compositive way: namely the analysis have been performed independently.

This approach involved both the comparison of the molecular ion and the fragmentation pattern with the database
spectra by differential analysis, providing stronger identification.

Standard 1H and 13C NMR spectra were coupled with two-dimensional experiments: 1H-1H TOCSY, 1H-1H COSY, 1H-
13C HSQC and 1H-13C HMBC.

Results:

LC-HRMS identified Ketocaine by involved both the comparison of the molecular ion and the fragmentation pattern
by differential analysis, from spectra database Compound Discoverer 2.0, using ChemSpider as source. Forensic
identification require something more (more identification points), so the study of the molecule and its
fragmentation was also performed. The match of theoretical fragmentation pattern with the experimental one
confirmed the identification.

NMR experiments carried out in different acquisition modes (1H-1H TOCSY, 1H-1H COSY, 1H-13C HSQC and 1H-13C
HMBC) led to a suitable amount of data for a correct identification of the unknown compound: the interpretation of
spectra and the signals assignment led to identification of ketocaine.

Conclusions

In this case, both NMR and HRMS proved themselves as self-sufficient techniques in the resolution of the analytical-
forensic problem: in particular, HRMS, with the advantage of the speed of analysis and interpretation of data thanks
to dedicated software, proves of undoubted utility for forensic investigations.

Novel Aspect:

The suitability of HRMS as a self-sufficient technique in the resolution of the analytic-forensic problem was
demonstrated for the identification of unknown compound.
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Introduction:(Limit of 400 characters)

In the field of investigations in drugs of abuse, one of the objectives of the police forcesis the characterization of the
spread and the consumption of psychotropic substances:this help to trigger adequate monitoring and prevention
measures[1].Through different techniques, it is possible to identify the components present in seized sample in
order to characterize the illicit substances.

Methods:(Limit of 400 characters)

Acombination of targeted and untargeted analyses were performed on seized material of vegetal origin. Screening
test and GC analyses showed an unusual combination of compounds. UHPLC-MS/MS analyses were performed in
IDA and in MRM. LC-HRMS analyses followed by elaboration of raw data files by means of GNPS webplatform and in-
silico annotations in order to predict the structure of all illicitcompounds.

Results: (Limit 900 characters)

On the basis of the preliminary analyses there was the suspect of different tryptamine compounds in the seized
samples so a semi-untargeted analysis by UHPLC-MS/MS were performed in IDA, showing different tryptamines that
were confirmed in MRM(i.e. DMT, NMT, 2-MTHBC), together with some cannabinoids, including THC, in one sample.
This issue stimulated further investigations.

With the aim to obtain a complete overview of all features, untargeted HPLC-HRMS analysis was
performed.Molecular Network was generated to perform cluster of similar MS/MS spectra and to propagate spectral
annotation of seized drug samples. Data shows that different compounds, belonging to tryptamines, were confirmed
by spectral library search annotation on GNPS. Other 8tryptamines were assigned comparing the results obtained
with MRM analysis and similar pattern of fragmentation using in-silico prediction annotation.

Conclusions:(Limit of 400 characters)

Through different analytical techniques, it was possible to identify the main vegetable components present in
samples. Combination of targeted/untargeted analysis and molecular network proves to be a useful tool
forforensicinvestigations. Untargeted analysis and in-silico annotationallowed detecting 8 compounds undetected by
MRM analysis and confirming the analytes detected in target analysis.

Novel Aspect:(Limit of 150 characters)
Combination of targeted/untargeted analysis, with suitable data managing, resulted necessary to characterize seized
sample for subsequent evaluations.
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Introduction:

Fingerprints are the most important form of evidence in the human identification [1]. Moreover, they may be
composed of anumber of different contaminants, for example psychoactive substances[2,3]. During the last few
years, time -of -flight secondary ion mass spectrometry (TOF-SIMS) has become a very sensitive analytical technique
in surface science [2,3]. This technique can be used in chemistry and forensic science for detection of various
molecules (drugs).

Methods:

The mass spectra and images of the studied samples were recorded using secondary ion mass spectrometer TOF-
SIMS IV (ION-TOF GmbH, Miinster, Germany), which is equipped with a high mass resolution time-of-flight analyser
of a reflectron type. During analysis, Bi3+ primary ion gun was used, working at 25 keV and an average ion current
was 0,5 pA. The analysis areas were 100 x 100 um2 and 500 x 500 um?2 for obtaining secondary ion mass spectra and
images, respectively.

Results:

Time-of-flight secondary ion mass spectrometry (TOF-SIMS) was applied in the forensic research for detecting and
imaging of cannabisin the fingerprints. The studied fingerprints were: 1. imprinted directly on the lift tape by a
contaminated finger with cannabis; 2. left on a glass surface and developed with two types of latent fingerprints
powders ; 3.transferredusing the lift tape.

In the positive and negative ion spectraof the studied samples many peaks derived from cannabiscan be detected:
cannabinol, cannabidiol, tetrahydrocannabinol, cannabivarin, cannabidiolic acid. The ions characteristic of the
powder, sweat and marijuana are also visible in the spectra of fingerprints revealed with latent fingerprints powder
and transferred with lift tapes.

Conclusions:

The TOF-SIMS technique appears to be a very effective and useful tool in forensic investigations, which enables the
identification of drug residues left on fingerprints imprinted on selected bases.Moreover, it has been shown that
revealing fingerprints with the black fingerprint powder is not disadvantageous for the TOF-SIMS application in the
fingerprints analysis.

Novel Aspect:

There is a possibility of detecting foreign substances on fingerprints, such as drugs, after revealing fingermarks with
the latent fingerprint powder.
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Introduction:

ToF-SIMS technique is a very effective and powerful method to examine the surface composition
of different materials, including those of key importance in the forensic chemistry i.a. drugs [1-2]. Currently, drugs
sold in the streets contain a variety of different “fillers’. It is important to develop a method which has discrimination
power and will allow simultaneous identification of all substances present in the mixture, even in very small
quantities.

Methods:

The aim of this study is focused on the evaluation of the TOF-SIMS technique as a potential tool applied
in the forensic analysis of fingerprints. Studied fingerprints werecontaminated with trace amounts
of amphetamineand other substances which are typically used as “fillers’. These compounds do not occur naturally
on fingertips and can present a significant value as evidence linking the suspect with the crime scene.

Results:

In this work, clean fingerprints as well as contaminated by drug were investigated.Moreover, in order
to determine the limit of detection of amphetamine, the analysis of drug tablets containing various amounts of
mixtures of amphetamine and caffeine (filler) in different proportionswas performed.
This assessedLOD was 0,625%. Also fragmentativeions derived from amphetamine and caffeine were examined,
which undoubtedly indicted their potential origin.Additionally, the ToF-SIMS technique allowed the visualization of
the fingerprint contaminated bya trace amount ofpowdered drug.

Conclusions

The results of this study has demonstrated that the ToF-SIMS technique is a powerful toolwhich enables the
identification of drug traces left on a contaminated fingerprint. Thismethod allows the determination of very small
amounts of the drug.Moreover, ToF-SIMS technique enables not only the identification of the substance forming the
fingermark but also the visualizationof very small areas of the fingerprint,including the course of the fingerprints.
Novel Aspect:

Novel aspects are: designing a method enabling the assessment of LOD of amphetamine in home made tablets and
its identification and visualization in the fingerprints course.
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Introduction:

New psychoactive substances(NPS) represent a tough challenge, since analytical standards arenot available or
included in libraries[1]. When metabolicpathway is unknown, determine target analytes is critical, so metabolites
identification become fundamental for clinical and forensic investigations[2].The aim of this work wasto identify the
metabolites of Modafiendz, a synthetic nootropic[3].

Methods:

In-silico experiments were carried out by means of MetaPrint2DReact program, used to predict possible metabolites
andcultures of rat hepatocytes were used forin vitroexperiments. In order to obtain information about chemical
structure of metabolic pathway, LC-HRMS experiments were carried out by means of Orbitrap analyzer, while
analytes separation was carried out using a PFP-C18 Column.

Results:

Once the smile code was introduced in the in silico program, a total of 15 metabolites were predicted: 7 of phase |
and 8 of phase Il. The incubation with hepatocytes allowed to mimicthe physiological environment of the liver[4], in
which the substances would be found, obtaining a realistic picture of the metabolic pathway for Modafiendz. The
results obtained in silico allowed to hypothesize the metabolites structures and masses to be searched in HRMS. As a
positive control of the real metabolic activity of the cells, Modafinil and its metabolites were used: Modafinil Acid
and Modafinil Sulfonehave been identified. In the samples obtained from in vitro experiments 6 metabolites were
identified, 2 belonging to phase | and 4 belonging to phase Il. In order to characterize the observed metabolites,
analyzes were performed in PRM at different collision energies(NCE).

Conclusions:

In this work the chemical structures of the Modafiendz metabolites were identified using rat hepatocyte followed by
UHPLC-HRMS analysis. The most produced metabolites are dehalogenated derivatives obtained from an initial
oxidation reaction, as regards the phase | metabolites and the metabolites conjugated with glucuronic acid or
methylate, deriving from the phase Il reactions.

Novel Aspect:
For the first time metabolic pathway of Modafiendz was identified. This information is essential to develop methods
to confirm the use of this NPS[5].
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Introduction:

Novel psychoactive substances have introduced significant identification challenges to the forensic science
community. Developing methods that can correctly categorize emerging drug analogs is a pressing need. This
presentation describes a procedure for obtaining a class-identificationmap of an unknown compound. The resulting
classification map can be used to compute the uncertainty of the class-identification.

Methods:

The hybrid search is a new library search method that considers fragment-ions along with neutral-losses when
computing spectral similarity [1]. A queryspectrum is first searched against a library to generate a preliminary hit-list.
The hybrid dot-product calculation is used to generate a dissimilarity matrix from the spectra in the preliminary hit-
list, which is then clustered using our novel multi-objective agglomerative-hierarchical clustering algorithm.

Results:

The result of this mass spectral library search and clustering procedure is a dendrogram from which the likely
classification of the query compound can be proposed. This dendrogram can be used to compute the uncertainty of
the proposed class identification.As a numerical test, twenty-two SWGDRUG Library [2] compounds were assembled
into a sub-library. It contained spectra for five analogs each of JWH-167, fentanyl, MDMA, and cathinone, and two
additional spectra of “unknown” compounds. A preliminary implementation of the multi-objective classification
method was able to classify the first unknown as a fentanyl analog with a certainty of 56%, and as a fentanyl, JWH-
167, or cathinone analog with 93% certainty. The second unknown was only classifiable as a fentanyl, MDMA, or
cathinone analog, but with 99% certainty.

Conclusions:

This presentation describes a procedure for obtaining a class-identification for an unknown seized compound, using
the new hybrid search to compute inter-spectral similarity, and a novel multi-objective scheme for agglomerative
hierarchical clustering. The resulting classification tree can be used to compute the uncertainty of the class-
identification.

Novel Aspect:
The hybrid dot-product for spectral similarity, a new multi-objective hierarchical clustering algorithm, and
computation of uncertainty for class identification.
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Introduction:(400 /400 characters)

Evidentiary materials in criminal come in many forms such as fine segments of fiber or bits of resin. Adhesive
collection sheets are often used, but even if a fine particle can be collected, the instrumental analysis is affected by
the adhesive compound adhered to a fine particle slightly, so the difficulty of distinguishing task can also further
increase. The purpose of this work is to identify fine plastic materials without confounding influence from the
adhesive tape.

Methods: (397 /400 characters)

The samples of this study were “resins sticking to adhesive tape”. Thermal desorption and pyrolysis(TDP) combined
with DART-MS was composed of Q-TOF mass spec equipped with DART ion source and ionRocket TDP device. The
samples were cut to ~1 mm2 and put into the sample pot. TDP temperature condition was room temperature to 600
°C, a rate of 100 °C/min. To structurally and compositionally characterize samples, Kendrick Mass Defect(KMD)
analysis was used.

Results: (874 /900 characters)

Nylon-6, polylactic acid(PLA) and polyethylene glycol(PEG) were used as fine plastic materials and scotch tape was
used as the adhesive tape. In the mass spectra at 300—-400 °C (the pyrolysis reaction starting temperature), the
complicated spectra of the samples show that the fine plastics were mixed with scotch tape, making it difficult to
distinguish between them. From the KMD plots, the difference between the scotch tape and fine plastics were
clearly identified. For the nylon-6 fine plastic, a plot of 113 Da intervals derived from its repeating structure was
plotted at a different position from that of the peaks originating from the scotch tape. In a similar manner, plots with
a 72 Da interval for PLA and a 44 Da interval for PEG were observed at different positions from that of the scotch
tape. By setting the Kendrick mass unit based on the mass of the repeating structure, compounds with common
repeat units could be aligned in the horizontal direction on the KMD plot, whereas compounds with different
structures were shifted.

Conclusions: (304 /400 characters)

TDP/DART-MS enables the direct and rapid analysis of plastic samples. A combination of TDP/DART-MS and KMD
analysis enables the identification of fine plastics without the need to detach foreign matter collected from adhesive
tape. Thus, the combination of TDP/DART-MS and KMD analysis can be used for material identification of evidence
in criminal cases.

Novel Aspect: (98 /150 characters)
A combination of TDP/DART-MS and KMD analysis is useful for material identification of evidence in criminal cases.
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A.07 LIFE SCIENCES - THERAPEUTIC DRUG MONITORING AND DRUG DISCOVERY

352 - PHOSPHOPROTEOMICS OF NON-SMALL-CELL LUNG CANCER CELLS TREATED WITH ERLOTINIB REVEALS DRUG-
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Introduction:

Mass spectrometry-based proteomics is an indispensable tool for molecular, cellular biology and for the emerging
field of clinical medicine. Especially, phosphoproteome is one of key signatures to understand the mode of action
and mechanism of drug resistance of kinase inhibitors at the molecular level, pathway level and system level.

Methods:

Recently, we have developed a key technology on peptide separation for rapid and sensitive phosphoproteome
analysis [1]. We also developed a sensitive method to identify phospho tyrosine proteome using an immune affinity
enrichment method [2].Combining these technologies, we performed temporal characterization of non-small-cell
lung cancer cell lines treated with erlotinib.

Results:

We quantified over 12000 phosphorylation sites including 600 phosphorylation sites on tyrosine residue across six
cell lines. Especially, phosphotyrosine-proteome can detect bypass kinases which were known to be related to the
drug resistance, such as FGFR, AXL, MET. Furthermore, network analysis and kinase-substrate enrichment analysis
predicted erlotinib-dependent activation of kinases and signal signatures. We extracted kinases and other enzymes
which are up-regulated in resistant cells and selected 46 inhibitors for drug screening. 24 of 46 inhibitors inhibited
cell growth of at least one resistant cell line.

Conclusions
Combination of phosphoproteome and phosphotyrosine-proteome profiling is useful to detect markers for drug-
efficacy and target candidates for overcoming drug resistance.

Novel Aspect:
Novel markers for drug-efficacy and target candidates for overcoming drug resistance were identified by Phospho
proteome analysis.
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Introduction:

Peanut allergy is a potentially fatal condition that has seen a rise of 50% in the recent 15 years currently affecting
0.6-1.3% of the US population. Desensitization by exposure to peanut allergen doses is being evaluated in several
clinical trials. Accurate quantification of the peanut allergens is key to successful desensitization. We here report on
the development and qualification of a LC/MS based method for absolute quantification of peanut protein content.

Methods:

Discovery analysis of peanut protein extract PPE digests was carried out as nanoLC Orbitrap MS/MS analyses, and
suitable peptides were selected for quantification. PPE digest allergen quantification was carried out on atriple
qguadrupole MSin MRM mode. Unlabeled and heavy isotope labeled peptides (internal standards) were used to
generate calibration curves. Intact peanut protein standards were applied for accurate determination of total
process recovery.

Results:

Highlights of the peanut proteome discovery efforts and quantification method development rationale, selection of
representative peptides, development and qualification results for the analytical methods to quantify four major
allergen proteins (Ara hl, h2, h3 and h6) including linearity, accuracy and reproducibility (triple replicate, triple inter
day replicate, as well as reproducibility), will be presented together with the results from the analysis of several PPE
research batches. The average recovery was determined to be 61% applying intact allergen standard protein. The
intra- and inter-day CV% was below 6.6%, and accuracy is within +/- 10% . The stability data for freeze-thaw and 2-
hour room temperature stability and 12 hour protein extract digest stability were all below 15%.

Conclusions

An LC/MS/MS based method for quantification of four major peanut allergens from peanut extracts has been
developed and qualified. The method was found to havegood sensitivity, reproducibility, and dynamic range and
thus to be suitable for monitoring the concentrations of the major peanut allergen proteins in research batches
obtained from peanut extracts. The method was designed to detect and quantify the isoforms of each of the 4 major
peanut protein allergens.

Novel Aspect: Absolute quantification of PPE with multiple isoforms by LC/MS/MS. Application of intact proteins for
accurate recovery determination
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Introduction

Mass spectrometry (MS) is now routinely used to monitor post-translation modifications (PTMs)levels inbiosimilar
monoclonal antibody (mAb) characterization.Among them, methionine (Met) oxidation is accepted as one of the
most commonly observed PTMduring development, manufacturing, formulation and storage processes. To ensure
the safety and efficacy of the drugs, Met oxidation should be tightly controlled during mAb development. Itmay
affectbiological function, structure and stability of the protein. In the current study, one of the best-selling
therapeutic monoclonal antibodyand its biosimilar candidate were subjected to the chemical oxidation viadifferent
concentrations of hydrogen peroxide. Under forced oxidativestress,Met oxidation profiles as well as the binding
kinetics of FcyRIforreferenceand biosimilar were compared.

Methods

To determine Met oxidation, UPLC-MS experiments were carried out on a Xevo® G2-XS QToF mass spectrometer
(Waters, Milford, MA) equipped with electrospray ionization (ESI). Both biosimilar and reference samples were
incubated in the dark with different concentrations of H202(0.1%, 0.5%, 1.0%, 3.0%)for 24hat room
temperature.After applying oxidative stress, both biosimilar and reference antibodies were denatured, reduced, and
alkylated before trypsin digestion at 37°C. The resulting peptidemixture were separated by reversed phase C18
column (Waters Acquity UPLC BEH €18, 100 x 2.1 mm, 1.7 um, 300 A) with a 90 minute UPLC run. The separated
peptides were identified by online tandem mass spectrometry (MS/MS) Q-ToFMS system.Binding kinetics of 0.1%
and 3.0% H202 treated biosimilar and referenceantibodieswere measured and compared by surface plasmon
resonance (SPR) technique on a Biacore T200 (GE Healthcare).

Results

Both biosimilar and reference comprised of one Met on the light chain (LC-Met4) and four Met residues (HC-Met34,
HC-Met83, HC-Met256, and HC-Met432) on the heavy chain.LC-MS/MS experiments were used to identify and
quantify Met oxidation in the amino acid sequence.Oxidation of Met residue resulted in +16 Da mass shift
comparedto the unoxidized counterpart. The oxidized peptideswereconfirmed through careful interpretation of
their MS/MS spectra, i.e. 16 Da mass increase inb and/or y ions. Incubation of both products with 0.5% H202 for 24h
at room temperature leads to oxidation of Met256 and Met432 residues completely. Those residuesare in the Fc
region (CH2—CH3interface)and exposed to the protein surface. It has been shown that they are more prone to
oxidation comparedto the other Met residues. On the other hand, Met34 is located on the complementarity-
determining region (CDR) and it may impact antigen binding kinetics. Our data showed that increasing H202
concentration hasnearly the same impact on Met34 oxidation for both reference and its biosimilar candidate.
Moreover, Met4 and Met83 residues have shown nearly 20% oxidation under 3.0% H202 treatment for two
products. In addition, the binding kinetics data will also be discussed for oxidized biosimilar and referencemAb.

Conclusions

The high-level similarities in oxidation profilesofMet4, Met34, Met83, Met256 and Met432 residues have shown that
the biosimilar and referencemAbhavea similar three-dimensional structure. Additionally, SPR analysis has
demonstrated that Met34 oxidation hasa similar impact on antigen-binding kinetics for bothproducts.

Novel Aspect
Comparison of Met oxidation profiles of biosimilar and reference monoclonal antibodies under oxidative stress
through LC-MS/MS and surface plasmon resonance.
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Introduction:

Nicotinamide phosphoribosyltransferase (NAMPT) is the rate-limiting enzyme in nicotinamide adenine dinucleotide
(NAD) synthesis[1]. Adenosine 5’-tetraphosphate (Ap4) is a nucleotide known to be a vasoactive purinergic mediator
in mammals[2]. However, it has never been reported whether NAMPT can catalyze the synthesis of Ap4. So, the aim
of the work was to develop abioanalytical LC-MS method to quantify Ap4 and NAMPT related analytes in biological
samples.

Methods:

Three cells lines (B16 WT, B16 FLAG-NAMPT and ShNAMPTLow)and twenty-three plasma samples of healthy male
C57BL/6 miceswere analyzed. The bioanalytical method developed is a LC-MS method that consists in an isocratic
elution on a Phenomenex Luna HILIC column. Each analyte (Ap4, adenosine 5’-diphosphate, adenosine 5’-
triphosphate, nicotinamide, nicotinamide mononucleotide and NAD) was monitored in MS/MS, SRM or MRM mode.

Results:

Intracellular Ap4 levels were increased more than two times in cells over-expressing NAMPT (B16 FLAG-NAMPT: 1.17
+ 0.20 nmol/mg protein v. B16 WT: 0.56 + 0.10 nmol/mg protein; p<0.05) and were significantly reduced in cells
silenced for the enzyme (SANAMPTLow: 0.31 + 0.06 nmol/mg protein; p<0.05).

Moreover, metabolic perturbation conditions modulated Ap4 and nicotinamide mononucleotide synthesis in B16 WT
cells. In particular, Ap4 and nicotinamide mononucleotide levels were significantly reduced in low glucose
concentration and serum free conditions, respectively.

Finally, Ap4 mices plasma levels showed a good correlation with extracellular NAMPT levels, despite their inter- and
intra-subject variability. Not surprisingly, Ap4 also correlated, to a greater extent, with ATP levels measured in
parallel [3].

Conclusions:

A new LC-MS bioanalytical method was developed to quantify six analytes including Ap4 in B16 cells and in two
different biological matrices.Murine cells and plasma with engineered or naturally fluctuating NAMPT levels showed
matching Ap4 fluctuations.

Novel Aspect:
This study reports that NAMPT regulates in vivo Ap4 levels, conferring an unpredicted signaling role to this enzyme.
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Introduction:

Exhaled breath contains thousands of Volatile Organic Compounds (VOCs) which are products of metabolic activity,
and promising biomarkers for a range of diseases. Breath also includes VOCs produced during the metabolism of
pharmaceuticals and other xenobiotics.

Evaluating longitudinal changes in the breath VOC profile is relevant for a wide range of applications such as disease
monitoring, measuring response to therapeutic interventions, assessing effects of environmental exposures, and
studying pharmacokinetics. This study describes how the Breath Biopsy platform can be used to capture multiple
breath samples over time, uncovering detailed changes in the concentration of volatile metabolites present in
breath.

We present two main experiments: first we analyze VOCs in breath following ingestion of a peppermint capsule and
show that Breath Biopsy can be used to observe the “washout curve” in for target compounds in a single individual
using repeated, robust breath collection and analysis over a period of 8 hours. Secondly, we examine the biological
variation in a longitudinal study where the washout experiment is repeated in the same individual multiple times
over the course of 5 weeks.

Methods:

Breath samples were collected using the ReCIVA Breath Sampler and analyzed using the Breath Biopsy platform in
the Breath Biopsy Clinical Laboratory (Owlstone Medical Ltd, UK). Samples were pre-purged to remove excess water
and desorbed using a TD100-xr thermal desorption autosampler (Markes International) and transferred onto a VF-
5ms column (60m x 0.25mm x 0.25 um; Agilent Technologies) using 1:2 split injection. Chromatographic separation
was achieved via a programmed method (40-310°C in 60 min. at 1.8 mL/min.) on a Trace 1310 GC oven (Thermo
Fisher Scientific) and mass spectral data acquired using an electron ionization time-of-flight (i.e. EI-TOF) BenchTOF
HD mass spectrometer (also Markes International). Raw Markes data files were converted from using TOF-DS
(Markes International) and MassHunter Quant (Agilent Technologies) was used for further data processing.

Results:

Analysis of breath captured 30 minutes after consumption of the peppermint capsule shows a large increase in the
VOCs a-pinene, B-pinene, limonene, eucalyptol and p-menthan-3-one compared to baseline pre-ingestion controls.
Breath collections made every 30 minutes after this initial capture show a washout curve for all peppermint-related
compounds, decreasing to baseline levels. A wide range of fold changes was observed across all peppermint-related
compounds, with most abundant GC peaks not necessarily resulting in highest fold changes. In contrast, breath
metabolites e.g. acetone that are not peppermint-related show little or no change compared to control.

From the washout experiment, three time points were selected (pre-ingestion control, peak at 45 minutes and
plateau at 3 hours) for inclusion in a longitudinal study where the washout experiment was repeated multiple times
over 5 weeks.

In the longitudinal study, fold changes for all compounds are presented for the peak and plateau time points,
relative to the corresponding pre-ingestion control. Breath metabolites acetone and isoprene show only small
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differences between peak and plateau fold change as expected, however large fold changes are observed for the
peppermint-related VOCs such as a-pinene and B-pinene, although some variation is observed for peak data points
between washout experiments.

Conclusions

The study demonstrates that the Breath Biopsy platform can be used to study longitudinal changes of exhaled VOCs
in a reliable and reproducible way. The peppermint washout experiment is a useful way to assess platform
performance and future work will investigate the biological variability that exists for uptake and breakdown of
substrate. The Breath Biopsy platform unlocks potential new use cases for breath analysis in metabolomics and
pharmacokinetics studies.

Novel Aspect:
Breath-based platform allowing standardized sample collection and pre-concentration using the ReCIVA Breath
Sampler, followed by analyte separation and data acquisition via a TD-GC-MS methodology.
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Introduction:

To perform therapeutic drug monitoring (TDM) of Sunitinib (SUN) and its active metabolite N-desethyl SUN, a robust
and sensitiveLC-MS/MS quantification method is required.However, the geometric photoisomerization of SUN and
its metabolite makes working in the dark highly recommended. Unfortunately, these conditions are unsuitable for
clinical application andthe aim of this work was to study the isomerism phenomenonin human plasma to overcome
this issue.

Methods:

The geometric isomerism of SUN and N-desethyl SUN has been studied in human plasma. A LC-MS/MS method
developed and validated for this study, has been applied for the analysis of these samples: the analytes were
extracted from the matrix with a protein precipitation and separated on a Synergi Fusion-RP column (Phenomenex,
USA) and the system consisted of a Prominence UFLC XR (Shimadzu, Japan) coupled with an APl 4000 QTRAP mass
spectrometer (SCIEX, USA).

Results:

When the SUN samples were exposed to light, the formation of E-isomer did not reach completion with nearly 55%
formed after 30 min. An analogue equilibrium achievement was noticed for N-desethyl SUN, but its E-isomer
reached a maximum of only 22%. Then, the E- to Z-isomer reconversion kinetics was investigated in dark conditions
at different temperatures, different analyte concentrations and in presence of acids. The reconversion rate resulted
increased by higher temperatures thus indicating a thermal reversion, not influenced by the analyte concentration.
Low pH values seemed to stabilize the E-isomer thus slowing down the reconversion. To decrease the E- to Z-isomer
reconversion time, samples were incubated in a heated-water bath at different temperatures (40, 50, 60, 70, 80 and
90°C) just before the analysis, reaching the maximum percentage of the Z-isomer for both SUN and N-desethylSUN in
only 5 min with temperature equal or higher than 70°C. Moreover, no degradation has been observed for both the
analytes after the heating step.

Conclusions:

The developed method does not require the protection from the light during the sample preparation but only a
heating step with a heated water bath at 70°C for 5 min. The incubation of the samplesallows the rapid reconversion
of the E-isomer, formed during the sample preparation, to the desired Z-form. Despite the additional step of 5 min
little extends the processing time, it strongly facilitates the handling of the samples making this method more
feasible for TDM.

Novel Aspect:
For the first time, the study of the geometric isomerism of SUN and N-desethyl SUN in human plasma has led to the
development of an analytical method to support TDM.

For information please contact: scientific@imsc2018.it
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Introduction:
In Anopheles gambiae, the most efficient vector of malaria parasite Plasmodium falciparum, 3-hydroxykynurenine
(3-HK) represents a toxic metabolite. In the adult mosquitoes, the excess of this toxic metabolite is removed by a
specific 3-HK transaminase (Ag-HKT) which converts the 3-HK into the more stable xanthurenic acid. Interfering with
3-HK metabolism in A. gambiaeis a potential approach for the development of transmission-blocking drugs and
insecticides.

Methods:

LC-MS method was optimizedfor the evaluation of the kinetic parameters of Ag-HKT and the kinetic characterization
of inhibitors of the enzyme. An enzymatic assay was set up by using the recombinant Ag-HKT. The chromatographic
separation of analyteswas performed in a gradient mode on a Synergicolumn, using an acidic mobile phase. Mass
spectrometric detection was achieved with an ion trap equipped with an ESI source, in positive ionization scan,
operating in SRM mode.

Results:

The LC-MS method was used for the determination of kinetic constants values for Ag-HKT. The Km and Vmax
calculated for Ag-HKT resulted in agreement with those reported in the literature [1]. Moreover, this selective
method was applied for the evaluation of Ag-HKT inhibitionby using a compound whose synthesis was previously
described in the literature [2] and a new promising inhibitor (3-INI).

The Ki value of the known inhibitor obtained with the LC-MS method was in agreement with that reported in the
literature [2]. On the basis of the results obtained in our experiments a competitive mechanism of inhibition was
delineated verifying the accuracy and reliability of the LC-MS assay. The method was applied to the characterization
of 3-INI, a new synthetic compound. The determination of its mechanism of action through the analysis of the
overlaid Lineaweaver-Burk reciprocal plot revealed a competitive mechanism of action. The Ki value was determined
suggesting that the new synthetic compound is more potent than the reference compound.

Conclusions

The LC-MS method was developed and its applicability was confirmed by determination of the kinetics parameters of
Ag-HKT and the determination of inhibitory potency of a known reference compound. Besides, a new synthetic
compoundwas analyzed resulting in a more potent inhibitor with an improved Ki. New compounds will be
synthesized starting from the structure of previously studied inhibitors with the aim of discovering more potent and
selective Ag-HKT inhibitors.

Novel Aspect:
The novelty is the application of LC-MS method for the determination of mechanism of action and Ki values of new
potential Ag-HKT inhibitors.
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Introduction:

Drug detection and identification is a current analytical challenge requiring a robust detector which is sensitive,
quantitative, and has sufficient separation power to resolve potential interferences. Drugs such as fentanyl are
typically used in combination with common street drugs, however because fentanyl is hundred times more potent
than heroin it therefore poses unique dangers. An overdose of fentanyl can be caused even by trace amounts.

Methods:

PTR-TOF-MSequipped with the a VOCUS reaction cell was tested forhigh sensitivity drug detection in real-time. The
low vapor pressure of many street drugs requires coupling to a thermal desorption system in a swab like fashion.
After instrumental calibration, simulated real samples containing few nanograms of fentanyl were tested. Collision
lon Dissociation was induced by varying the extraction voltage to confirm drug identification at structural level.

Results:

Fentanyl detection was achieved in seconds without any pre-separation or sample preparation even in complex
mixtures.The soft ionization achieved in the Vocus reactor protonated fentanyl ions. Calculated and measured exact
mass and isotopic distribution matches perfectly giving support to the molecular composition assignment
determined by exact mass analysis. Confirmation of fentanyl detection was achieved by performing real-time
Collision Induced Dissociation using VOCUS PTR-TOF. The collisional energy of protonated fentanyl is varied by
changing the extraction voltage after the VOCUS reactor. Higher extraction voltages produce higher collisional
energies which in turn increase ion fragmentation. The fragmentation pattern provides information about the
molecule structure as in MS/MS techniques. At higher collisional energies the parent ion corresponding to
protonated fentanyl (C22H28N20-H+) is more fragmented into C13H18N+and C8H9+ ions, matching fentanyl
fragments from MS/MS databases.

Conclusions

Vocus PTR-TOF coupled to a thermal desorption system allowed real-time detection, identification, and
guantification of fentanyl in a swab without any sample preparation or preconcentration step. Collision Induced
Dissociation allowed fentanyl confirmation via matching with MS/MS databases. Single digit nanogram detection
limits were achieved. Faster desorption rates for example from a swab desorber would result in even lower
detection limits.

Novel Aspect:

Real-time drug identification and quantification in swabswas achieved by using PTR-TOF equipped with a VOCUS
reaction cell and performing Collision Induced Dissociation.
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Introduction

Quantitative analysis of pesticide residues in cannabisis of greatimportance to scientific researchers, scientific
instruments manufacturers, cannabis industry stakeholders and government regulatory institutions. Besidesthe
complexity of cannabis matrix, more stringent regulatory action limits for pesticides from certain states within the
USA, have furthered analytical challenge to accurately quantify these pesticides. Nonetheless,the need for
simple,robust and validated methods for pesticide analysiswith good data reproducibility and accuracy are critical to
all stakeholders in the cannabis industry. This work showsa validated method for analysis of 70pesticides, including
compounds typically analyzed by gas chromatography, in cannabis flower using LC-MS/MS with ESI source. Limits of
guantitation were below all current regulatory action limits for pesticides in cannabis in USA. Good reproducibility
and precision were obtained for all analytes with %RSD < 23for all pesticides in the cannabis matrix.

Method Summary

Acetonitrile cannabis extracts were spiked with 70 pesticidesat different concentrations and internal standards
added. Subsequently, spiked samples were diluted at different levels (1:1 and 1:5) with 0.1% formic acid in
acetonitrile. All diluted and spiked extracts were directly injected into a PerkinElmer LC coupled with the QSight
MS/MS system. Calibration standard curves were generated in both diluted standard solvents and the cannabis
matrix. Method reproducibility and precision were determined with 7 replicates of spiked sample injections. Limits
of quantitation at twodifferent spike levels were established with at least 3 replicate injections. A-20 min LC-MS/MS
was used for pesticides analysis in cannabis on a reverse phase C18 column.

Preliminary Results

Due to the complexity of the cannabis matrix, the reproducibility, precision and stability of the instrument are always
of utmost importance for any routine analysis of pesticides in a laboratory. In addition, stakeholders are interested in
high sample throughput with reliable and validated methods in order to augment their overall efficiency in the
cannabis industry.Chromatographic analysis including columnre-conditioning for all 70 pesticides was achieved
within 20 min. The instrument sensitivity ranged from 0.5 to 50 ppb for all pesticides, which waswell below action
limits set by California and Oregon. The limit of quantitation for the pesticides in the cannabis matrix was within
0.001-0.1 pg/g for 1:1 diluted spiked samples and 0.001 — 0.3 pg/g for 1:5 diluted spiked samples. The
reproducibility (% RSD; n=7)for each pesticide in both diluted matrices was < 23 %. The calibration correlation
coefficient for each analytein the cannabis matrix was > 0.98with linear range over 3 orders of magnitude. Inter-day
(n=7) variability of area response was < 6 % without the use of internal standards and < 2 % with internal standards.

Conclusion

A high throughput quantitative analytical method for analysis of pesticides in cannabis was fully validated in
accordance with the FDA guidelines for chemical analysis in food using liquid chromatography in combination with
tandem mass spectrometry. The limit of quantitation for each pesticide was below the required action limits set by
California and Oregon states in the USA.

Novelty

Validated liquid chromatography tandem mass spectrometry method for analysis of 70 pesticide residues, including
compounds that are conventionally analyzed on gas chromatography platform, in cannabis with limit of quantitation
below the action limits set by Oregon and California states.
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Introduction:

Betamethasone (BET) is a glucocorticoid widely used in sports medicine for the treatment of asthma and acute
injuries. BET is prohibited in sport competitions when administered by systemic routes (e.g., oral, intramuscular),
and is allowed using local treatments. The aim of the present work was to examine the urinary profile of BET and its
metabolites after different administration routes.

Methods:

A validated method was used to determine urinary levels of BET, 6B-hydroxy-BET, and fifteen additional metabolites.
Urine samples were hydrolyzed with B-glucuronidase, extracted with ethyl acetate and analyzed by LC-MS/MS. The
method was applied to urines collected in clinical studies where BET was administered by topical, intranasal, intra-
articular, peri-articular, oral and intramuscular routes to male and female volunteers (n=40).

Results:

After topical (10 mg/day for 5 days) and intranasal (320 pg/day for 3 days) uses, maximal BET concentrations were 6
and 32 ng/mL, respectively. In most of the samples collected after intranasal treatment, BET concentrations were
below 30 ng/mL.

Intra-articular and peri-articular single administrations led to maximal BET concentrations of 1420 and 981 ng/mL,
respectively. All samples collected 72h after both administrations gave BET concentrations lower than 30 ng/mL.

After a single oral dose of 0.5 mg, the maximal BET concentration was 82 ng/mL, and all samples collected 24h after
intake resulted in BET concentrations below 30 ng/mL. Single intramuscular doses of 6 and 12 mg gave maximal BET
concentrations of 1446 ng/mL. In most of the samples collected 72h after intramuscular administration, BET
concentrations were lower than 30 ng/mL. After both administrations, BET excretion rates reached maximal values
during the first hours after intake and gradually decreased.

The excretion profiles of most of the metabolites were similar to those of BET.

Conclusions:

As expected, different excretion profiles were obtained depending on the administration route. It will be difficult to
distinguish intra-articular and peri-articular uses from intramuscular treatments because excretion profiles obtained
after these three administrations routes are similar. Topical and intranasal treatments can be differentiated from
oral and intramuscular administrations, using a reporting level for BET.

Novel Aspect:

Since BET can be administered by different routes, this information could be useful for the anti-doping community to
know how it behaves depending on the administration route.
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Introduction:

Glycosylation is a critical post-translational modification in monoclonal antibodies. However, itis inherently
heterogeneous and challenging to analyze, leading to a proliferation of analysis Methods: An interlaboratory study
was coordinated by NIST to determine variability in measuring N-glycans across laboratories and to derive consensus
values for NISTmADb, an IgGk1 reference material. This work describes results from 103 reports worldwide [1].

Methods:

Participants performed glycosylation analysis of NISTmAb and mod-NISTmAb using their own method. Labs
recorded, in a provided template, methods used and percent factional abundances of glycans in both samples. A
pilot study was conducted to polish the study’s protocol. Consensus values and ratios were derived for glycans
reported by seven or more labs. Data was analyzed using robust techniquesto assess measurement reproducibility
and characterize distributions.

Results:

A total of 103 reports were submitted by 76 participants from industry, university, research, and government
laboratories in Europe, North America, Asia, and Australia. Various methods were used for glycosylation analysis,
including mass spectrometry, fluorescence detection, and capillary electrophoresis. Fifty-seven glycan compositions
were reported at least six times; some labs differentiated between isomers. Consensus values were calculated for
each of the 57 glycans. The number of glycan compositions identified by labs ranged from 4 to 48, with a median of
22. Most participants reported about the same number of glycans for NISTmAb and mod-NISTmAb. To ascertain the
ability of labs to demonstrate comparability of two samples, the mod-NISTmAb/NISTmAb ratios were calculated.
The ratios for the four most commonly reported glycans agreed within 8% to 30%.Notably, the extent of agreement
between a participant’s reported values and the study’s consensus values is a strong function of the participant’s
measurement repeatability.

Conclusions:

Determining variability of glycosylation profiles and assigning best values from a larger number of laboratories and
range of measurement methods provides a baseline for comparison in the rapidly developing field of glycosylation
analysis.We thank all the scientists who participated in this study.

Novel Aspect:
Variability and values for the glycosylation of a monoclonal antibody reference material from 100+ reports

worldwide
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Introduction:

We have implemented a platform utilizing acoustics to load samples into a time-of-flight mass spectrometer capable
of analysing more than 100,000 samples per day. In this poster we demonstratethe use of our platform to screen a
kinase and compare the data with a classical high-throughput screening technology.Since acoustic mist ionization
mass spectrometry (AMI-MS) is a direct infusion system, kinases are a challenge due to the enzyme’s requirement
for MgCl2.

Methods:

An acoustictransducergenerates a nebulised spray from the wells of a 384-well platelocated on a moving XY-stage.
High voltageisapplied to a chargingconeabove thewell, inducingchargeseparation in the sample.The nebulised spray
isdrawnthrough a heated transfer interfaceinto the MS and an ionbeamisgenerated. To utilize the platform with a
kinaseenzyme, ammoniumphosphateat high pHisadded to precitipate out the Mg2+ ions.

Results:

AMI-MS wasused to build a kinaseenzymeassay to identifyinhibitors from a subset of the AZ compound collection.
Weestablished a protocolusingammoniumphosphateas a stop solutionat the end of the assay to
removemagnesiumchloride and reduce suppression in the mass spectrometer. Havingestablished the
kineticparameters for thistargetwescreened a 60,000 compound subsetusingbothADPGlo™kits and AMI-
MSendpoints. Therewas a strong correlationbetweenbothassay formats, over 2000
compoundswereidentifiedasactive in  both  formats.  Surprisingly,therewereonly ~ small  clusters  of
compoundswhichappearedactive in onlyone of the twoassaytechnologies (38 unique to AMI-MS and 101 unique to
ADP Glo™).

Conclusions

Our data demonstratesthatAMI-MSisable to screen kinase targets wherethereis a requirement for
magnesiumchloridedespitethisbeing a directinfusion MS technology. AMI-MS comparedveryfavourably with
traditionalkinase  screening  technologiesbutprovedsignificanlycheaperastherewas no  requirement to
purchasedetectionkits.

Novel Aspect:
Thisis the first example of AMI-MS beingused to screen a kinase target. The data presentedclearlydemonstratesthat
AMI-MS iscomparable with existingkinasetechnologies.

For information please contact: scientific@imsc2018.it
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Introduction

Quantification of large molecular weight biotherapeutics in biological matrices relies mostly on enzyme-linked
immunosorbent assays (ELISAs) mainly due to several advantages: good sensitivity (1-10 ppm), high-throughput,
ease-of-use and low cost per sample. In the case of low-abundance protein impurities (HCPs) present in protein
therapeutics (e.g. mAbs), these biological assays typically provide the total HCP concentration (usually expressed in
ppm or ng HCP/mg mAb), but ELISAs cannot identify and measure individual HCP contaminants. Several MS-based
assays have been recently developed to cover this knowledge gap [1-2]. Here we explored the capabilities of a single
dimension chromatographic assay, coupled with mass spectrometry using two different data independent
acquisition modes for detection of peptide precursors and their fragments.

Methods

The LC/MS assay described here relies on two data-independent acquisition mode implemented on a
quadrupole/time-of-flight (QTOF) mass spectrometer. While in MSE mode all peptide ions produced by the
electrospray source are transmitted by the quadrupole analyzer, in SONAR mode the quadrupole slides over the
mass range of interest during the time required for recording a single MS-spectrum by the TOF-analyzer. Co-eluting
precursor ions with different m/z are separated during the rapid quadrupole scan and their corresponding
fragmentation spectra are acquired using an identical quadrupole separation.Mass spectra are recorded with high-
resolution (~ 25,000) for precursors/fragments.

A monoclonal antibody (mAb), purified by Protein-A affinity-chromatography and then by SCX -chromatography
(strong-cation-exchange) using four different elution protocols, was denatured/reduced/alkylated and digested with
trypsin.

Preliminary data

LC/MS-assays have recently been adopted as orthogonal techniques to ELISAs for HCP analysis due to their flexibility
and sensitivity. Here we describe an efficient analytical scale two step LC/MS assay that allows the identification and
quantification of HCPs during mAb purification in a CHO (chinese hamster ovary) cell line. In the first step, called the
Discovery Assay, the mAb digest (100-500 pg)is analyzed in SONAR mode on a C18 column (2.1 x 150 mm, operated
at 200 pL/min flow rate) using a 90 min gradient. Two HCPs and 4 spiked protein standards were identified across 5
mAb preparations (one Protein A and 4 SCXfractions) following a CHO database search using Progenesis QIP 4.0
software. The same software was also used to build a spectral librarycontaining 13 CHO HCP peptides and 57
peptides from the spiked protein digestion standards. The spectral library contained the peptide RT, the precursor
m/z and the MS/MS fragmentation spectrum of each peptide, thus facilitating subsequent HCP identification and
guantification in other mAb preparations.

In the second step of the assay, the same 5 digests were analyzed in triplicate in a different acquisition mode (MSE)
using higher throughput runs (30 min gradients, 45 min runs) and lower sample loads (10-20 pg of mAb digest). The
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MSE acquisition is a data-independent acquisition mode which does not use precursor ion isolation. Instead, in MSE
low-energy scans (for precursors) are alternated with high-energy scans (for fragments). The MSE data was searched
against the spectral library (containing 70 peptides) to quantify and monitor all 6 previously identified proteins (2
HCPs and 4 spiked proteins). The sensitivity of both assays (discovery and monitoring) was 10 ppm.

SONAR acquisition offers additional selectivity to MSE acquisition, by producing fragmentation spectra with
minimized background interferences.
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1. Mabs 2012, 4, p24.
2. Anal Chem 2015, 87, p10283.
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Introduction: Covalent inhibitor of K-RAS G12C to fight lung cancer

The small GTPaseK-RASis the most prevalent oncogene in cancers. TheGly to Cys mutation at position 12is frequent
in lung cancer.Theoptimization of a drug, covalently bound to Cys12, would target the oncogene without affecting
the wild type protein [1]. Mass spectrometry is well suited to the study of covalent complexes and we have
implemented a series of tools to support a K-RAS G12C research program.

Methods: Mass spectrometry tools to study covalent complexes

Several LCMS/MS-based assays were developed either with recombinant proteinorwith cellular or tissue lysates:
intact mass torapidly screen or fully characterize the binding kinetics (kinact/Ki) of covalent complexes, peptide
mappingtodetermine the binding site, and targeted quantitative proteomics to measure target engagement in
culture cells and tissues.

Results: Optimization of K-RAS G12C covalent binders

To discover novel covalent inhibitors of K-RAS G12C, several thousands of covalent compounds were screened in
anassay measuring the extent of covalent binding on a recombinant protein by intact mass LCMS. Hits were
validated by peptide mapping experiments to ascertain that the Cysteine 12 residue was the site of interaction
between the compounds and K-RASG12C. During a chemical optimization program, the newly synthesized
compounds were evaluatedin the intact mass LCMS assay, as a function of inhibitor concentration at a fixed
incubation time (EC50) or at several times (kinact/Ki) [2].Optimized compounds inhibited the growth of a K-RAS
G12C dependent cell line. A targeted LCMS-based assay was implemented to directly and quantitatively determine
the engagement of KRAS-G12C in cell lysates [3].

Conclusions:

Our LCMS toolbox has proven to bevery robust and powerful to support the optimization of novel covalent inhibitors
of K-RAS G12C. Although other biochemical or cellular assays were implemented for the research program, the LCMS
assays provided the most direct and non-ambiguous results.

Novel Aspect:
An LCMS intact mass assay as a primary tool to support chemical optimization in a pharmaceutical discovery
program.
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Introduction:Monitoring blood concentrations of direct oral anticoagulants (DOAC) is not requiredregularly [1].
However, concentrations of some DOAC correlate well with (un)desired outcomes [2,3]. Thus, analyzing
individualDOAC exposure could be usefulfor riskassessment, e.g. when clearance pathways are impaired. Dried
blood spotting (DBS) is a practicable sampling technique for regular monitoring, enabling blood sampling at home at
any relevant time point [4].

Methods:DOAC concentrations were quantified usinga previously published ultrahigh performance liquid
chromatography/tandem mass spectrometry (UPLC/MS/MS)multi-compound assay [5], which was refined for DBS
analysis.In a clinical study, approved by the responsible ethics committee, DBS from capillary whole blood and
plasma were simultaneously sampled in 33DOAC patients. Deming regression and Bland Altman analyses were
usedforevaluation.

Results:Our DBS assay fulfilled pertinent validation standards for a hematocrit range of 33-65 % and was linear
within a calibration range of 2.5 (apixaban, rivaroxaban), 4.4 (dabigatran), and 9.3 ng/mL (edoxaban) to 750 ng/mL
with only minor ion suppression (matrix effect < 12.5 %). Inter-assayand intra-assay accuracies ranged between 88.3-
110 % andcorresponding precisions were <13.3 %. DOAC in DBS were stable up to 52 d at room temperature, if
stored in the dark and with humidity protection (desiccant). Deming regressions yieldedconversion factorsfor each
DOAC (apixaban 1.46, dabigatran 1.51, edoxaban 0.95, and rivaroxaban 1.37), which were used to predict plasma
concentrations from (capillary whole blood) DBS. Bland Altman analyses confirmed that plasma concentrations
predicted from DBS agreed well with actually analyzedplasma concentrations(71% for apixaban, 94 % for
dabigatran, 100 % for edoxaban, and 88 % for rivaroxaban).Thus, meeting the EMA guideline’s demand that in >
67 % of all sample pairs’ concentrations must not deviate> 20 %.

Conclusions:UPLC/MS/MS for DOAC quantification from DBS constitutes a practicable and sensitive technique to
monitor DOACexposure. The results of the clinical validation study confirmed that blood concentrations from DBS
can accurately predict plasma exposure. Thus, the present DBS assay is an attractive option to monitor ambulatory
DOAC s.

Novel Aspect:We present a DBS assay capable of analyzing all DOAC at once, with minor setting requirements
regarding sample collection.
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Introduction:

Alzheimer's disease (AD) is a neurodegenerative disorder responsible for more than 70% of all dementia cases. This
disease is characterized neurologically by progressive loss of memory, behavior, language, and visuo-spatial skills
impairments. AD has become the focus of one of the most intensive investigation in the medicinal field because of
worldwide universal phenomenon — population aging and considerable economic impact.Novel therapeutic
strategies based on biologicals are currently under investigation recently. One of the innovative AD therapeutic in
clinical trials is AADvacl — immunotherapy designed to elicit an immune response against pathologically modified
forms of tau protein, developed by Axon Neuroscience [1,2]. Herein, we present combination of simple acidic
chemical cleavage (sample preparation step) with effective and very fast LC-MS/MS method for quantification of
immunogen Axon Peptide 108 in AADvacl.

Methods:

Chemical cleavage:

A strategy based on chemical cleavage at aspartyl residues using dilute formic acid developed by Li et al. [3]was used
in this study. Appropriate cleavage of the therapeutic peptide was obtained when the sample was incubated in 2%
formic acid at 108°C for 2 h.

LC-MS/MS method:

The quantitative LC-MS/MS experiments were performed with a Waters ACQUITY UPLC system coupled to the
Quattro Premier XE triple quadrupole mass spectrometer. ACQUITY UPLC BEH Shield RP18 column (2.1 mm x 100
mm, 1.7 um particle size) was used for analysis. Column temperature was set for 30 °C. Mobile phase A consisted of
20mM ammonium formate/0.1% FA in MPW, and mobile phase B was acetonitrile. The flow rate was 0.5 mL.min-1
and the injection volume was 5 pL. Mass spectra were acquired using positive electrospray ionization mode (ESI+)
and selected reaction monitoring (SRM) mode. The following MS conditions were applied. The capillary voltage was
3 kV and the source temperature and desolvation temperature were 120 and 450 °C, respectively. The cone gas and
desolvation gas flowed at 50 and 600 L/h, respectively. Argon was used as collision gas.

Results:

The effective non-enzymatic release step of Peptide 108 based on acid hydrolysis with the use of 2% formic acid was
successfully tested and implemented. The main benefit of the chemical cleavage procedure performed with formic
acid was high level of compatibility of the cleaved sample with the ESI-MS ionization. Moreover, formic acid was a
part of used mobile phase. The developed and optimized LC-MS/MS method was then validated according to the ICH
guideline Q2(R1) [4]. Calibration curve was linear within the range of 10 — 300 pug.mL-1. Correlation coefficient was
higher than 0.99. The intra-and inter-day precision were 0.92-5.03% and 3.05-10.36%, respectively. The recovery
ranged in the interval of 99.73-101.10%. The developed and validated method was successfully applied to determine
the amount of Axon Peptide 108 in several clinical batches of AADVacl. Three different batches of AADVac 1 drug
product were analyzed and the determined amount of the therapeutic peptide ranged from 74.8 to 106.8 pg/mL.
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Conclusions

We developed and tested an effective approach of chemical cleavage of peptide conjugated to the high molecular
protein carrier which was connected with very effective, fast and simple LC-MS/MS analysis. Developed and
validated LC-MS/MS method was successfully applied and the exact amount of Axon Peptide 108 presented in
AADVac 1 was determined in final drug product. The obtained results were in good accordance with the declared
amount. This relatively rapid, simple and robust method has a potential to be applied in to the field of
biopharmaceuticals analysis.

Novel Aspect:

A simple and rapid approach based on combination of non-enzymatic cleavage and LC-MS/MS analysis was
presented as a powerful tool for quantitation of therapeutic peptide against Alzheimer's disease in innovative
biologic AADvacl. The use of chemical hydrolysis was associated with solubilization of the AADVac 1 adjuvant
(alhydrogel) which was beneficial in term of simplicity. Moreover, it was clearly demonstrated that chemical
hydrolysis is much more faster and cheaper in comparison to convenient approach based on enzymatic cleavage
(e.g. asparaginase N).
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Introduction

The targeted delivery of cytotoxic agents into tissues, especially for malignant cells is an attractive strategy to avoid
dose limiting toxicity.Targeting moieties can be antibodies, aptamers and low molecular weight non-peptidic ligands.
Previous studies showed the advantages of conjugating small molecules to the drug over attaching
macromolecules.One of the common used target moiety for selective delivery of cytotoxic agent is acetazolamide.In
this area, there is a pressing need to developrapid techniques to quantify the amount of drug in the tissue in order to
investigate the tumor targeting performance of the different ligands. So-called the “capillary gap sampler”is capable
of automated and site-specific extraction of very small sample amounts, which is interesting for this application.

Methods

The capillary gap sampler is a miniaturized sampling deviceenabling automated low-volume sample handling, for
direct interfacing to ESImass spectrometry. It consists of a liquid bridge of several nanoliters formed between two
capillaries, where one acts as the ESI-MS spray needle. Sample extraction is performed by a coated stainless-steel pin
which is controlled by a robot arm. Selective drug extraction is possible through immobilizing carbonic anhydrase
(CA) on the pin. This modification is performed by overnight reaction between protein with epoxy modified beads
which are glued to the tip of the pin. Using fluorescence microscopy, bright field and blue channel images of beads
carrying protein linked to8-anilino,1-naphthalene sulfonate and controls confirmed the attachment of the protein.

Figurel. Solid phase micro extraction, a) Capillary gap capillary, b) loading of sample on the extraction tool, c) SEM
image of the CA modified beads on the extraction tool, d) desorption of the extracted sample in the liquid bridge and
further sprayed to the ESI-MS orifice.

Results and discussion

The development started with optimization of the coating procedure, desorption solution, etc.In order to find the
optimum desorption solution two tests were performed: in the first one, influence of pH on the binding of
acetazolamidewith CA was investigated. In the second test, different phases (ACN, MeOH, EtOH, Acetone 60% in
water) were used for desorption. ACN wasfound to be the optimum desorption solution. Extraction of the drug from
PBS was performed by dipping the CA modified extraction tool inside the solution. After a quick washing step with
water, it enters into the liquid bridge, where the analyte desorbs and is sprayedin the ESI source. Peaks
corresponding to the drug (drug+), (drug+Na++H+), (drug+2H+), (therapeutic warhead=cytotoxic agent coupled to
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the targetingagent+H+) were observed in the spectrum. Finally, repeatability of the acetazolamide extraction using
CA modified beads are evaluated by performing thirteen 5-minute extractions from 500nM acetazolamide in PBS
solution. The relative standard deviation was below10%, which confirms the repeatability of the method.Drug
extraction studies from human plasma will also be shown.

Novel aspects
Development of a extraction method for evaluation of targeted drug delivery.
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Introduction:

Respiratory Distress Syndrome (RDS) is a breathing disorder affecting preterms due to lack of lung surfactant, a
lipoprotein layer which prevents alveolar collapse [1]. Treatment with exogenous surfactant improves gas exchange
and survival [2]. The aim of this study was to estimate the contribution of exogenous surfactant phospholipids to the
rabbit alveolar pool in vivo by 13Cnatural abundance.

Methods:

In a feasibility study we measured the 13C/12C ratio of disaturated-phosphatidylcholine palmitate (DSPC-PA) in
poractant alfa and in bronchoalveolar lavages of 20 rabbits. The contribution of exogenous surfactant was then
estimated in a rabbit model of RDS [3] including 7 controls and 15 rabbits treated with 50, 100 or 200 mg/kgof
poractant alfa. DSPC-PA 13C/12C ratio was measured by GC-C-IRMS.

Results:

The DSPC-PA 13C/12C ratioof poractant alfa was constant among 7 batches produced over a year with a mean value
of -18.8+0.1 %o [Range: -18.9 %o; -18.6 %o]. The mean 13C/12C ratio of surfactant DSPC-PA recovered from the lung
lavages of 20 rabbits was -28.8+1.2 %o [Range: -31.7 %o; -25.7 %o0]. DSPC-PA in rabbits had a significant lower 13C
abundance than poractant alfa, with a mean difference of 10.0%., wide enough to distinguish the endogenous from
the exogenous compound. The contribution of exogenous surfactant to the total alveolar surfactant was calculated
in all treated rabbits and it ranged from a minimum of 42.9% in 50mg/kg group to a maximum of 90.2% in 200 mg/kg
group, with a significant dose-effect.

Conclusions:

The DSPC-PA of exogenous and endogenous surfactant have a different natural abundance of 13C and this difference
could be exploited to estimatein vivo the alveolar contribution of exogenous surfactant in treated rabbits. Since
theuse of chemically synthetized tracers is not required, it could be useful in human research and in surfactant
replacement studies in preterm newborns.

Novel Aspect:
This is a novel method to measure in vivothe contribution of exogenous surfactant to the alveolar pool by using
stable isotopes at natural abundance.
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Introduction:

In the arena of biotherapeutic analysis, the analysis of host cell proteins (HCP) at the ppm level is critical. ELISA is
currently the gold standard for QC applications, but the advantages of mass spectrometry are abundant. We show
how PASEF (parallel accumulation and serial fragmentation), as implemented on the timsTOF PRO QTOF, can be
applied to HCP analysis for highly sensitive detection with enhanced data quality.

Methods:

The NISTmAb Reference Material 8671 and the Universal Proteomics Standard (UPS1, Sigma) were reduced,and
digested. Peptides were separated on an Intensity Solo 2 1.8um C18 column using an Elute UHPLC coupled to a
timsTOF Pro ion mobility QTOF mass spectrometer (all Bruker Daltonics). A 150 minute gradient was used. For
nanospray, a nanoElute UHPLC was fitted with an lonOpticks C18 column using a 210 minute gradient.

Results:

The UPS1 standard was used to make a 5-step 1:3 dilution series in a constant background of NIST mAb over a
concentration range from 0.3 to 934 ppm. PASEF enabled the detection of UPS1 proteins down to low single digit
ppm concentrations in the presence of 25 pg NIST mAb. Linear response for the UPS1 protein beta-2-microglobulin
in the concentration range from 132 ppm to 1.6 ppm was observed. The dilution series indicated that PASEF enabled
detection of HCPs in the range of 1 to 100 ppm of the therapeutic protein. Nano UHPLC was also evaluated for its
suitability for HCP identification. This setup has already been established as the new benchmark forbottom-up
proteomics applications [1, 2]. More than 200 HCPs were identified in 1.5 pg NIST mAb, including expected and
previously unreported HCP proteins. The depth of HCP coverage and sequence coverage was further extended to
>280 HCP identifications by employing an alternate digestion method in which only the HCPs are digested allowing
the mAb to be removed prior to analysis [3].

Conclusions

PASEF improved the sensitivity of peptide mapping enabling the detection of HCPs at sub 100 ppm levels. PASEF
coupled to nanolLC facilitates detection of previously unreported trace level HCPs. The quality of MS/MS sequence
spectra provided by the timsTOF Pro with PASEF allows high confidence in protein ID even when only 1-2 peptides
are sequenced.

Novel Aspect:
Sensitive HCP assay for routine use enabled by time and space focusing of precursor ions with a PASEF scan.
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Introduction:

Deamidation is one of the most common modifications which can be induced in monoclonal antibodies during
production and prolonged storage. It is critical to evaluate and monitor thesebiologically relevant product quality
attributes (PQAs) as deamidation can cause structural changes, reducing biological activity and efficacy of the
biotherapeutic. Here, we monitored the degree and site of deamidation induced in pH stressed antibody digest.

Methods:

The trastuzumab samples were exposed to pH stress by increasing the pH of digestion buffer from nearly acidic (6.8)
to alkaline (8.8). All measurements were carried out in replicates on using high flow liquid chromatography and a
high resolution mass spectrometer using a data dependent (DDA) acquisition strategy. The complete data processing
was performed with BioPharmaView™ software using the MAM workflow and reference ranges were set for
pass/fail criteria.

Results:

The monoclonal antibody digest was exposed to higher pH levels in order to induce deamidation. All asparagine
sites were monitored and defined for quantification using MAM workflow in BioPharmaViewTM software. The
lowest levels of deamidation were observed with the neutral or nearly acidic pH (6.8) as compared to the alkaline pH
(8.8) values. The MAM workflow in the BiopharmaViewTM software enabled the accurate and automated
quantitation of all deamidation sites within the defined criteria of pass/fail using neutral pH values as reference
points. The accuracy of the method was assessed by spiking the forced deamidated samples into the control sample
at different levels. The sample with the lowest deamidation levels (pH 6.8) was used as control due to lack of
samples with nodeamidation. Excellent linearity was observed with the increasing levels of spiking thus verifying the
accuracy of the method.

Conclusions:

Using BioPharmaView™ software with the attribute calculator for the MAM workflow, levels of deamidation were
calculated for all possible deamidation sites within trastuzumab. The data was automatically processed and showed
the susceptibility of some residues to pH whereas others are far less sensitive. The results can be used to refine
monitoring of attributes to those that are more susceptible to environmental changes.

Novel Aspect:
MAM workflow in BiopharmaViewTMsoftware for the quantitation of pH induced Deamidation.

For information please contact: scientific@imsc2018.it
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Introduction:

Drug metabolismremains the main point of interestfor clinicians, as comprehensive information regarding
metabolicpathways and the mechanisms of action of new drugs are essential forrecognition of their possible toxicity
and biological activity in patients.The multi-tool analytical approach based on electrochemistry, in silico predictions
and in vitro studies with the use of rat liver microsomes were employed for recognition of combretastatin A4
metabolism.

Methods:

In silico prediction was carried out using MetaPrint2D-React for recognition of transformations at primary sites of
metabolism. For electrochemical reaction the ROXY™ system was used. It conducts redox reactions which are the
most common during | phase metabolism. The rat liver microsomes was analyzed via two different extraction
approaches protein precipitation and solid phase microextraction.OrbitrapHRMS was used for instrumental analysis.
Results:

The use of a high resolutionmass spectrometer enabled a non-targeted investigation ofmetabolic transformations of
the parent drug and identification ofpreviously reported [1] as well as unreported metabolites.In total fourteen
putative metabolites of combretastatin A4 were found. The main paths of CA4 metabolism are O-demethylation and
aromatic hydroxylation and those metabolites were found by all aforementioned metabolism generating Methods:
There was no differences found between PP and SPME analysis of RLM in terms of identified metabolites. The use of
SPME allowed performing time course analysis without need of sample multiplication. The EC reaction resulted in
generation 3 metabolites reported also by RLM andone exclusive metabolite not found by other techniques.
Conclusions

The high mass accuracy and fragmentation patterns supportedby in silico data showcase the applicability of this
approach as anultimate tool for further identification of putative metabolites detectedin microsomes extracts or via
EC reactions, especially in cases whereauthentic standards are not available to confirm the tentative resultsattained
via untargeted analyses.

Novel Aspect:

In total of eight metabolites of combretastatin A4 not reported elsewhere were identified via non in vivo
basedapproaches.

Work has been supported by National Science Center No2016/23/N/Nz7//01929
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Introduction:

Antibody-drug conjugates (ADCs) are an increasingly popular class of therapeutic drugs with an inherently high
heterogeneity from a large arsenal of drugs, linkers and antibodies. RPLC-MS using QTOF or Orbitrap analyzers have
been used successfully to determine the average drug-to-antibody ratio (DAR) for several constructs. Here we have
investigated the potential for the very common triple quadrupole(QqQ) analyzers as an alternative for this
application.

Methods:

Deglycosylated Trastuzumab and in-house synthesized ADCs generated from Trastuzumab by disulfide reduction
with TCEP, followed by conjugation of veMMAE to the resulting thiols were used for the comparison. Waters
Premiere QTOF and Waters XevoTQ-S Micro in combination with Waters Aqcuity UPLC system and Waters Xbridge
C4 column was used for the RPLC separation for the comparison. Mobile phases consistedof 0.5% FA with H20 or
ACN.

Results:

Both ADCs and monoclonal antibody (mAb) were analyzed with RPLC-MS on a QTOF andQgQinstruments.
Havingreduced the disulfide bonds to separate the light- and heavy chains the charge envelopes moves to lower m/z
so the loss of ions by a limited m/z range was small. Consequentially the loss of any ions above 2000 m/z in the
QgQwas found to have no evident effect on the assigned molecular weights after deconvolution.Comparing the two
instruments,preliminary data indicates that the differences in spectral quality related to differences dueto age and
type of ionization source had bigger effect than the loss of part of the charge envelope on the DAR determination
and LOD.

Conclusions:

Preliminary data implicates that for average DAR determination of ADCs the QgQinstruments can be a cheaper and
more readily available option for smaller labs in early stages of ADC development. The limited m/z range of the
QgQhas this far proven to have no major effect on DAR value determination.

Novel Aspect:

We have shown that triple quadrupoles can be used for accurate DAR determination of disulfide reduced ADCs and
mADbs.
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Introduction:

Gold complexes belong to a group of rapidly emerging novel therapeutic and diagnostic compounds with improved
specificity for tumor tissue and strong antiproliferative potency. They are usually responsible for the cell growth-
inhibiting effects related to the mitochondrial activation of apoptosis.Auranofin used in the treatment of rheumatoid
arthritis was selected for the experiments because of documented activity against ovarian cancer, HIV, E.
Histolyticaand M. Tuberculosis.

Methods:

Redox activity of selected gold(l) complexwas investigated by means of a ROXY ERC system (Antec, The Netherlands)
consisting of a potentiostat, equipped with an electrochemical micro-reactor cell (u-PrepCell, Antec, The
Netherlands) and an infusion pump (KD Scientific, model KDS100, USA, Figure 1c). The Roxy system was online
hyphenated to an Agilent 6460 LC/MS ESI triple quadrupole mass spectrometer (Santa Clara, USA) as a detector.

Results:

Reduction and intermediate electrochemical conditions corresponding to conditions of cytosol and blood were
found optimal to obtain most probable reactive forms for auranofin: (tEP)2-Au and tetra(tri and di)AtgS-Au, which
can interact with bioligands in human organism. Obtained products are in agreement with forms of auranofin bound
to GSH and human albumin. Products of deacetylation were minor and observed mainly in the presence of sodium
cations. Moreover, sodium ions were found to enhance creation of disulfide bridges during anodic process. ERC—ESI
MS results additionally allow to state that deacetylation and loss of Atg or tEP groups by auranofin are irreversible as
is disulfide formation. Nitrile group attaching to gold and its influence on transformation of auranofin can mimic the
behavior of ligands typical for physiological conditions. Ligand exchange can be proposed as the most probable
mechanism for metabolic changes of auranofin.

Conclusions

Electrochemical reaction chamber (ERC) coupled to ESI MS was found to provide significant information considering
the transformations of auranofin. Moreover, molecule-specific mass spectrometry delivers complementary data to
square-wave voltammetry, which aids in understanding the nature of electrochemical conversions of complex or
unstable compounds.

Novel Aspect:

For the first timeERC-ESI MS was used to study the transformations of cytotoxic metal transition complexes such as
auranofin.

This work was financially supported by the Polish National Center of Science (NCN) within the project DEC-
2013/09/B/ST4/00961
Drawing the activity of auranofin by an electrochemical reaction cell coupled to an ESI MS/MS

Monika Kupiec, Robert Ziétkowski, Katarzyna Pawlak
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Introduction:

Alzheimer’s disease (AD), the most common form of dementia (%70). Current drug treatments aim to prevent
cognitive decline. No new drug have been approved by FDA since 2003.Studies have revealed that alkaloids with
anticholinesterase activityare a promising resource in drug discovery.[1] The aim of the project is to discover natural
compounds for the treatment of AD and investigate their effects on neurodegeneration in a comprehensive manner.

Methods:

Natural compounds (2 different doses) were administered for 7 days, to 12 m old (pathological phase) 5XFAD
transgenic mice (n=8). Littermate mice were used as control group.FDA approved AD drug Galantamine is also used
as positive control. Morris water maze (MWM) was performed to investigate changes in learning and memory
impairment. Action mechanism of drugs were investigated in 3 different regions of the brain which are cerebellum,
cortex and hippocampus via LC-MS/MS based protein expression analysis.

Results and Conclusion:

2 of 6 compounds showedsignificant improvement in learning and memory according to MWM test. The compound
which improves the condition most, was used for further proteomic investigation. Protein expression changes
between control and drug-administered groups were determined by LC-MS/MS analysis.In each samples,
approximately 1250 proteins were identified anddifferentially expressed proteins between groups were subjected to
pathway analysis to enlighten the molecular mechanisms affected by the drug.

Novel Aspect:
This is the first study that nLC-MS/MS based proteomics approaches were used in the research of molecular effect
mechanism of novel compounds on 5xFAD mouse model.
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Introduction:

A simple and sensitive LC—-MS/MS method was developed and validated for the simultaneous quantification of
aripiprazole (ARI) and its active metabolite dehydro-aripiprazole (DARI), olanzapine (OLA), risperidone (RIS) and its
active metabolite paliperidone (PAL), quetiapine (QUE) and clozapine (CLO) in human plasma. These drugs have been
widely used in the treatment of schizophrenia and schizoaffective disorders [1]-[3].

Methods:

Stable isotopically labeled internal standards - [2H8]-ARI, [13C,2H3]-OLA, [2H4]-RIS, [2H4]-PAL, [13C4]-QUE and
[13C,2H3]-CLO - were used for all analytes. Three-step phospholipids-eliminating microelution-solid-phase extraction
was used for analyte extraction. The chromatographic separation was performed during 8 min under gradient
conditions through a mobile phase consisting of 0.2% formic acid and acetonitrile with a flow rate of 0.6 ml/min.
Results:

The analytical method has been validated according to the recommendations of European Medicines Agency (EMA)
and Food and Drug Administration (FDA) through tests of precision, accuracy, stability, sensitivity and specificity. The
coefficient of variation was not more than 20% for the lower limit of quantification and was below 15% for the rest
of quality controls. The method is able to detect the drug levels in the ranges of 0.18-120 ng/ml for ARI, 0.25-80
ng/ml for DARI, 0.5-1000 ng/ml for CLO, 1-100 ng/ml for OLA, 0.7-60 ng/ml for RIS, 0.2-30 ng/ml for PAL and 0.5-160
ng/ml for QUE during therapeutic drug monitoring. Comparing with protein precipitation (PPT), our SPE sample
preparation method resulted to be effective in removing phospholipids from plasma.

Conclusions

We have developed a sensitive LC-MS/MS method to determine the levels of 5 antipsychotics and 2 active
metabolites with the usage of stable isotopically labeled internal standards in human plasma. The method is
currently being utilized in pharmacokinetic studies. Its application could help to optimize the effectiveness of
treatment and manage side effects or toxicity leading to individualized therapeutic decisions for each patient.

Novel Aspect:

The present method applies effective phospholipids’ removal during SPE and therefore results in exceptional
recoveries and low matrix effect.
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Introduction

Bleomycin (BLM) is a cytotoxic antibiotic that appears as a mixture of more than ten structurally strongly related
glycopeptides, most abundant being BLM-A2 and BLM-B2 fractions. In vivoBLMchelates with several metals, in
particular with copper. Aiming to investigate itsbiodistribution and pharmacokinetics as a part of a wider
electrochemotherapy  study, we  developedaspecific  andsensitivemassspectrometry-based  analytical
methodfordetermination of BLMinserum and tumortissues.

Methods

Frozen tumors were grinded to fine powder, the suspension was sonicated, the supernatant filtered and loaded onto
a preconditioned solid phase extraction (SPE) cartridge. Reversed-phase SPE of diluted serum and tumor suspensions
was performed as the enrichment step. BLMbehavior was investigated with UHPLC coupled to a QTOF MS[1].To
improve quantification characteristics the instrumental method was later translated to UHPLC coupled to QTRAP MS.

Results

The  optimized sample  preparation  method  usedOasisHLB™  cartridges  atacidicpHofthesample
matrix,waterasthewashsolvent,and40%methanolfollowedbyacetonitrile for BLM elution. For UHPLC separation we
selected BEH Amide stationary phase, which clearly and distinctively separated the Cu complexes of BLM-A2 and
BLM-B2 fractions.

The investigation of BLM chelating properties implies thatCucomplexesform in vitro and in vivo, andoffer a viable
form for the guantitative determination of BLM in biological samples. The
amountofCuavailableintheserumissufficient to quantitativelychelatemetal-freeBLMevenatitshighest concentrations.
Metal-freeBLM-A2showsa2+ charged fragmentionat m/z 707.76,but it is a “transient” species that forms the Cu
complex. The latter shows an abundant ion at m/z707.21,andm/z 707.71asthesecond isotopeion in
thetypicalCuisotopicpattern.InthecomplexmixtureofseveralBLMfractionsand their
metalcomplexes,andconsideringalsobackground ions fromthebiologicaltissuematrices,thissecond
isotopicionmayeasilybemisinterpreted and incorrectly assigned to the metal-freeBLM-A2, whichcould be the reason,
why the attempts to determine BLM with MS have been so scarce.

Conclusions

Except in the controlled metal-free environment BLM is not found in a free form, but is highly prone to form
chelates. Thus, MS analysis results in the apparent disappearance of BLM characteristic fragment ions. In addition,
the chelates may be hidden at first sight, since they tend to form double charged ions. Choosing a HRMS proved
crucial for recognizing BLM MS behavior, since it enabled us to follow the isotopic pattern of the double charged ions
in the clusters.

Novel Aspect
The LC-MS analytical method for determination of bleomycin in serum and tumor tissues is developed for the first
time.
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Introduction: Meloxicam belongs to oxicam class of nonsteroidal anti-inflammatory drugs (NSAIDs) and is widely
used to treat pain or swelling caused by osteoarthritis or rheumatoid arthritis. After oral administration of
meloxicam, it is absorbed with bioavailability of 89% and has long half-life (22—24 hour). Meloxicam is extensively
metabolized to four inactive metabolites by cytochrome P450 (CYP) 2C9 with a minor contribution of CYP3A4. The
primary metabolic pathway of meloxicam is oxidation and 5’-carboxymeloxicam has been known for the major
metabolite of meloxicam. The aim of the study was to develop and validate a more rapid and sensitive analytical
method for simultaneous determination of meloxicam and 5’-carboxymeloxicam based on LC-MS/MS system.

Methods: After addition of 100 uL of 1 M hydrochloride acid, 200 uL aliquot of human plasma was extracted with an
internal standard (piroxicam) by simple liquid-liquid extraction using methyl-tert butyl ether. The chromatographic
separation of each analyte was achieved on a reversed phase Luna C18 column (50 mm x 2.0 mm i.d., 5 um particles)
in a run time of 3 min, using a mixture of methanol and 10mM ammonium formate buffer (pH3.5) (80:20, v/v) at a
flow rate of 200 pL min-1. The tandem mass spectrometry was operated in multiple reaction monitoring acquisition
mode using positive ion mode.

Results: This method was linear over the concentration range of 2—3000 ng/mL for meloxicam and 0.5-50 ng/mL for
5’-carboxymeloxicam, respectively. The lower limit of quantifications of meloxicam and 5’-carboxymeloxicam were 2
ng mL-1 and 0.5 ng mL-1, respectively.

Conclusions: The present analytical method showed better sensitivity and reduced running time than a previous
study and successfully applied to a pharmacokinetic study after administration of 15 mg oral dose of meloxicam to
healthy male subjects.

Novel Aspect: A rapid, simple, sensitive analytical HPLC-MS/MS method for the determination of meloxicam and 5’-
carboxymeloxicam in human plasma was developed and successfully validated. Our study showed 4-fold more
sensitivity for both analytes and reduced run time, compared to the only study for the simultaneous determination
of meloxicam and 5’-carboxymeloxicam.
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Introduction: Tramadol is a centrally acting analgesic drug and indicated for the treatment of moderate to
moderately severe pain. To determine the tramadol and its two main metabolites, O-desmethyltramadol (ODT) and
N-desmethyltramadol (NDT), in human plasma, a sensitivity-enhanced LC/MS/MS method was developed in this stu

Methods: A simple, rapid and sensitive high performance liquid chromatography analytical method coupled with
tandem mass spectrometry (HPLC-MS/MS) for the simultaneous determination of the tramadol, ODT and NDT was
developed and validated. Metoprolol was used as an internal standard (IS) and the analyte was extracted with
methyl tert-butyl ether (MTBE). The chromatographic separation of tramadol , ODT, and NDT was achieved on a
reversed-phase Luna C18 column (50 mm x 2.0 mm i.d., 5 um particles), using a mixture of 10 mM ammonium
formate buffer (pH 3.5)-methanol (30:70, v/v) at a flow rate of 200 um/min. The total run-time was 2.5 min and the
retention times of tramadol, ODT, NDT and IS were 0.88 min, 0.82 min, 0.90 min, and 0.85 min respectively. The
analytes and IS were ionized using a positive ion mode and analyzed using multiple reaction monitoring(MRM) of the
transitions at m/z 264.3—58.1 for tramadol, 250.3—58.2 for ODT, 250.3—44.1 for NDT, and 268.2—116.1 for IS.

Results: The weighted (1/x2) calibration curves were linear over plasma concentration range 0.20-400 ng/mL for
tramadol (r = 0.999) and 0.25-200 ng/mL for ODT and NDT (r = 0.998 and r = 0.997, respectively). The lower limit of
quantifications (LLOQ) of tramadol, ODT, and NDT using 100 pL of human plasma were 0.02 ng/mL, 0.25 ng/mL, and
0.25 ng/mL, respectively. This HPLC-MS/MS method showed improved sensitivity for quantification of tramadol,
ODT, and NDT using lower volume of human plasma and reduced running time, compared with previously described
analytical Methods:

Conclusions: The method was successfully used to a pharmacokinetic study following the administration of a single
100 mg oral dose of tramadol to healthy male subjects.

Novel Aspect:.To best our knowledge, there was only one case report using achiral determination of tramadol, ODT
and NDT in human plasma employing HPLC-MS/MS and has lower sensitivity than this method
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Introduction:
In vivo lung perfusion is a novel technique designed to localize chemotherapy to the lung tissue suffering metastasis.
Effectively, increased doses of chemo agents can be used while reducing systemic exposure to the individual thus
decreasing associated side effects.1As there are currently no techniques available to determine drug tissue
concentration during IVLP without taking biopsies, SPMEemerged as a feasible strategy for invivo quantification of
doxorubicin.2

Methods:

In vivo lung perfusion (IVLP) was used to administer doxorubicin for treatment of metastasized lung tumor in a
human being. BioSPMEfibers were insertedin vivointo three sections of the lung to monitor drug concentration,
distribution and effect in lung tissue during IVLP.Liquid chromatography tandem mass spectrometry was used for
drug quantification, while high resolution mass spectrometry was employed for untargeted analysis to determine
markers of tissue stress or damage.

Results: (Limit 900 characters without spaces)

An administered dose of 5 pug/mL of doxorubicin in perfusate solution resulted ina drug tissue concentration 40
times higher than the administered dose, reaching a concentration of 200ug/mLwithin the first hour of IVLP. This
increase was marked by a ~ 50 % decrease in the perfusatedrug concentration. Subsequent analysis of the perfusate
solution as well as the lung tissue at hourly intervals showed a decreasing trend in the concentration in both
biological matrices.Untargeted metabolic profiling processed via multivariate analysis using Metaboanalyst 4.0
showed an interesting feature at m/z 166.0864 tentatively identified as L-phenylalanine, an endogenous metabolite
that could serve as a possible marker of tissue stress or damage since it is known to be a metabotoxin at high
concentrations.

Conclusions

Targeted analysis for doxorubicin quantitation and metabolic profilingto assess chemotherapeutic effect in lung
tissue could be achieved using SPME. A decreasing trend of doxorubicin concentration in perfusate is linked to its
continuous accumulation in tissue duringlVLP. Furthermore, it is hypothesized that the decreasing doxorubicin
concentrations in lung tissue may be due to intracellular uptake of the drug, making it less available to the SPME
fibers that extract via free concentration.

Novel Aspect:

For the first time, concurrentsemi-quantification of doxorubicin and chemical tissue biopsies in vivo in human lung
during surgery can be achieved via SPME.
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Introduction: (Limit of 400 characters)

Antibody-based pharmaceuticals often contain complex structural heterogeneity which requires enhanced analytical
methods for reliable characterization of variants and degradation products. In this poster we will describe how CE-
MS (CESI-MS which integrates CE and electrospray ionization (ESI) into a single device)in combination with high-
resolution MS detection has been used for profiling antibody therapeutics.

Methods: (Limit of 400 characters)

By using a neutral capillary coating (to provide near-zero electroosmotic flow) and an acidic background
electrolyteintact model proteins were detected with overall migration-time RSDs below 2.2% (using 3 different
capillaries). Samples, including mono- and bivalent nanobodies, and three monoclonal antibodies (mAbs) were
tested.

Results: (Limit 900 characters)

Intact nanobodies were resolved from their degradation products, which could be assigned to deamidated, cleaved,
and truncated forms at the C-terminal tag with excellent resolution of isomeric deamidated products obtained.

The mAbs were analysed intact and after digestion by the IdeSendoproteinase (middle-up approach). CE-MS of intact
mAbs resolved clipped species (e.g. light chain and light chain-heavy chain fragments) from the native protein as well
asglycoforms containing sialic acids from their non-sialylated counterparts. For IdeS-digested mAbs, F(ab)2 and Fc/2
where efficiently resolved. While migration of Fc/2 fragments were fairly similar for the three mAbs, the migration
of the F(ab)2 strongly depended on the mAb. All Fc/2 charged variants, which includedglycoforms containing sialic
acidsand other PTMs such as loss of C-terminal lysine or deamidation of Asn, were nicely separated in less than 20
min. This allowed a detailed and reliable assessment of the Fc/2 heterogeneity (18-33 proteoforms) for the mAbs
studied.
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Introduction: Iminium ion reactive metabolites

Xenobiotics including drugs may be metabolized to form reactive metabolitesthatcovalently bind to protein or DNA.
Such bioactivation is suspected to play a causative role invarious adverse drug reactions.Thus, early detection of
reactive metabolites has become an important part of the drug discovery process.Several tertiary amine-
bearingdrugs undergo P450- or MAO-catalyzed oxidation to unstable iminium ion species which readily hydrolyze to
aldehydes, both of which being potentially reactive.However, due to their inherent chemical instability, the use of
trapping agents (e.g. cyanide, methoxyamine) is required to put them into evidence. In this poster,we report unusual
iminium ion metabolites which appear sufficiently stable to be directly detected and characterized using liquid
chromatography (LC) coupled with high resolution mass spectrometry (HRMS).

Methods: In vitro incubations and metabolites identification

10 uM incubations of compound P, bearing a piperazine moiety, were performed withhuman liver microsomes in
potassium buffer (0.1 M, pH 7.4) for 60 minutes with and without 1 mM solution of potassium cyanide. The reaction
was initiated by addition of NADPH after 5 minutes of preincubation and stopped with an equal volume of
acetonitrile.

10 uM incubations ofcompound P were also performed using fresh rat and cryopreserved human hepatocytes in
suspension at cell density of 1 million cell/mL.An aliquot of each sample wastaken at various time points and
reaction was stopped with an equal volume of acetonitrile. After centrifugation at 13000 RPM for 10 minutes, all the
samples were transferred to an HPLC vial and submitted to the Q-Exactive HF (ThermoFisher AG, Reinach) LC-MS
system. After a preliminary full scan experiment in positive ion mode, representative samples, using a blank matrix
without compound as a control, were chosen and then processed using Compound Discoverer 2.0 (ThermoFisher
AG, Reinach) to identify the main metabolites. After the selection of molecular ions of interest, production reaction
monitoring (PRM) experimentswereperformed to elaboratethe fragmentation pattern of each metabolite. To
refinestructuralelucidation, a deuterium exchange experiment was also performed,in which the number of
exchangeable proton present in the molecule were established.

Results: Metabolic Profiling

Metabolic profileswere similar betweenhuman microsomes and hepatocytes. No conjugated phase Il metabolite was
observed whereas parent drug (P)was the most prominententity detected in either matrices.

Several prominent phase | metabolites were also seen. This included the N-dealkylated product M1, which was
further oxidized to M2 and M3, the N-oxide M4 and a doubly dehydrogenated product M5.In addition,the
dehydrogenated M7 and amide derivatives of M1(M8 and M9) and of P (M10) were also detected in hepatocytes.

In the rat cells, the nitrone derivative of M1was the mainentity detected. Parent drug (P) M1, M2 and M3, M4, M5,
M8, M9, M10 were also observed. Based on fragmentation patterns, all biotransformations were assigned to the
piperazine ring.
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Both M5 and M7 did not exhibit any shift in the deuterium exchange experiment, suggesting that these metabolites
were already charged and did not requirean ionization proton for MS detection. Metabolite M7 was successfully
trapped with the iminium trapping agent cyanide in human liver microsomes, and the concomitantlowering of M5
abundancy was observed.

Conclusions :

The involvement of an intermediary iminium ion metabolite in the metabolic pathway of P was initially suspected
from characteristic downstream metabolites of such species, the dealkylated M1 and the amide derivative M10 only
seen in hepatocytes,which would be consistent with a commonaldehyde oxidase-mediated detoxification process.
This was further substantiated by the successful trapping of the postulated iminium ion in the presence of cyanide.
However, the detection and characterization of M7, which appears to be the iminium ion itself, was quite
unexpected. The potential conversion to a dimer or an enamine derivative were excluded based on MS and
deuterium exchange data, respectively. The exact position of the unsaturated bond on the piperazine ring could not
be allocated with more precision. The presence of the pyraziniummetabolite M10 suggested that M7 was also
undergoing secondary metabolism in the incubation matrices.

Novel Aspect:Based on these results M7 was assigned as an unusually stable iminium ion species. This metabolite
appeared not only stable in solution and during LC-MS analysis, but it could still be detected after several days of
sample storage in autosampler. The isolation and further characterization of this iminium ion metabolite by
alternative analytical techniques (e.g. NMR) would be required for definitive structural elucidation.
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Introduction: (Limit of 400 characters)

Lebanon Cedar is a native Mediterranean species with a pleasant odor and valuable wood. Despite the efforts
devoted to the study of this plant, it remains little characterized from the analytical, technological and biological
point of view. The aim of this study is to determine the phytochemical profile of leaves and wood of cedrus libani by
using GC/MS and extract all components by maceration, soxhlet and ultrasound-assisted extraction (UAE)
techniques.

Methods: (Limit of 400 characters)

Lebanese cedar leaves and wood samples were collected from a natural reserve in Nabatieh, southern Lebanon.
These samples were extracted using three different methods: ultrasound assisted extraction, maceration and
Soxhlet extraction. Four different extraction solvents were used: hexane, ethyl acetate, acetonitrile and methanol.
The extracts thus obtained were analyzed by gas chromatography coupled with mass spectrometry (GC/MS).

Results: (Limit 900 characters)

The results show that among the chemical classes extracted, five are interesting: terpenes, polyphenols,
phytosterols, vitamins and cortisol. Hexane appears to be an ideal solvent for the extraction of terpenes. Methanol is
an excellent solvent for the recovery of polyphenols. About the phytosterols and vitamins, the four solvents are able
to extract them. As for cortisol, only methanol makes it possible to obtain it. On the other hand, ultrasound assisted
extraction seems the best method of extracting the five chemical classes of interest. However, Soxhlet extraction
due to the high level of hydrocarbons extract does not have the ability to use for the extraction of a very large
number of compounds as compared to the other two Methods: For maceration, its weak point is that it cannot
extract the cortisol. In addition, several compounds of medical and industrial importance were extracted from
lebanese cedar, such as vitamin E, vitamin A1, 24,25-dihydroxyvitamin D3, and phytol.

Conclusions (Limit of 400 characters)

Analysis of these results shows that the ultrasound assisted extraction using methanol solvent of leaves and wood
was the best method in order to obtain the five interesting families: terpenes, polyphenols, phytosterols, vitamins
and cortisol. The extraction method was optimized and the identification of compound was completed by the GC/MS
using the library of NIST and should be completed by LC/HRMS and LC/RMN by putting in evidence its analytical
fingerprint.

Novel Aspect: (Limit of 150 characters)
The results illustrate the importance of optimizing the extraction of the principal families present in the leaves and
wood of libani cedrus prior to their measurement using GC/MS.
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Introduction: Disclosing Natural Products Interactome

The identification of the biological and potential therapeutic targets of small molecules, along with their off-targets,
is a significant concern. Here, a combination of the affinity-based chemical proteomics (AP-MS) and a simple,
universally applicable approach based on the drug affinity responsive target stability (DARTS) has been applied to
disclose the interactome of Arzanol, a natural prenylated phloroglucinylpyrone, used in folk medicine to treat
infections and inflammatory diseases [1].

Methods: Combining AP-MS and DARST approaches

AP-MS [2] is based on the preparation of an Arzanol bearing solid support, the isolation of its potential targets from
a crude cell extract, SDS-PAGE of Arzanol bound targets and their identification by MS. The DARTS approach [3] takes
advantage of a reduction in the protease susceptibility of Arzanol targets, easily revealed by SDS-PAGE-LC-MS
analysis or by immunoblotting, without Arzanol modification or immobilization.

Results: Brain Glycogen Phoshorylase as a novel Arzanol target.

AP-MS revealed brain glycogen phosphorylase (bGP) as the major target of Arzanol together with the muscle GP
isoform and ATP-dependent 6-phosphofructokinases. DARTS experiments followed by both nano-LC-MS and
immunoblotting confirmed bGP as a direct interactor of Arzanol. bGP catalyzes the rate-limiting step of glycogen
mobilization in brain; its allosteric modulation by AMP, ADP, ATP and phosphorylation, finely tunes its activity in
response to different signals. Thanks to AP-MS competition assays, the interaction site of Arzanol on bGP has been
disclosed.

Conclusions: Expanding Arzanol potential bioactivity

The natural heterodimeric polyphenol Arzonol is known for its anti-inflammatory and antioxidant properties [4]. Up
to now, a full screening of its biological most relevant interactors was still missing and, thus, a combination of
chemical proteomics and DARTS experiments has been carried out on this intriguing natural compound, disclosing its
interaction with bGP. Brain glycogen metabolism plays a critical role in major brain functions such as learning or
memory consolidation: alteration of glycogen metabolism and glycogen accumulation in the brain contributes to
neurodegeneration

Novel Aspect: DARST as the ideal approach to support AP-MS data.
In the past, AP-MS has been widely employed to identify targets of chemically reactive drugs. DARTS strategy is an
ideal alternative and/or complement to AP-MS working on native unmodified molecules.
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Introduction:

Amyloid B-peptide 1-42 (AB42) aggregation is a central event in the pathogenesis of Alzheimer’s disease (AD).Carbon
monoxide-releasing molecules (CORMs) are able tocarry and release controlled amount of COand are known to
exertanti-inflammatory/apoptotic activities [1]. The study focus on the evaluation of the inhibitory properties of the
carbon monoxide-releasing molecule 3 (CORM-3)towards AB42 aggregation and the investigation of its mechanism
of action.

Methods:

AB42sampleswere prepared aspreviously reported [2].CORM3/AB42adduct(s) formation and inhibition of AB42
oligomerization were monitored by ESI-Quadrupole-Time of Flight (Q-ToF) flow injection analysisusing reserpine as
internal standard.Thioflavin T (ThT) assay [3]was used to monitor fibril formation, while circular dichroism (CD)
spectroscopy was applied to follow AB42 conformational changes [4].

Results:

MS analyses showed that CORM3 can form stable adduct(s) with AB42 monomers in a dose- and time-dependent
manner. Confirming the evidence reported in a previous study [5], adduct formation involveshistidine residues on
AB42 skeleton and the Rull(CO)2 portion of CORM3. Inhibition of APB42 aggregation strongly depends on
CORM3/ABA42 ratio and was confirmed by both ThT assay and CD analysis.The latteroffered further insights into the
mechanism of action of CORMS3, highlighting that CORM3 could prevent the conformational shift toward an
amyloidogenicB-sheet rich conformer.

Conclusions:

CORM3 emerged as a promising inhibitory agent toward AB42 aggregation. Theapplication of a MS-based method
allowed confirming the formation of CORM3/AB42adduct(s) and highlighted CORMS3 inhibitory activity. Combination
of MS and spectroscopic data, such as fluorescence and CD,shed light on the mechanism of action of this compound.
Furthermore, MS and ThT studies quantitatively contributed inidentifying optimal CORM3/AB42 ratio for best
inhibitory effect.

Novel Aspect:
The work highlighted CORM3 is endowed with a good inhibition capacity toward AP42 aggregation, in addition
toknown anti-inflammatoryproperties.
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Introduction

Focal adhesion kinase (FAK) is a non-receptor tyrosine that regulates migration, proliferation and survival of cells. A
large number of studies have strongly implicated FAK in the development of colon cancer. The novel potential
functions of FAK in the regulation of epithelial-mesenchymal transition (EMT) has been studied extensively in
invasive and metastatic cancers. The study focuses on new binding partners of FAK as therapeutic targets for colon
cancer.

Methods

Human colon cancer HCT-116 was cultured, harvested and lysed. The protein concentration was measured by BCA
kit. FAK expression was confirmed by Western blot. FAK and binding partners were captured by immunoprecipitation
method and separated by SDS-PAGE. Gels were excised and digested with trypsin. Tryptic peptides were injected to
nano-LC/MSMS system and data were searched against the Mascot search engine. The binding candidates were
analyzed with Western blot.

Results

FAK was expressed highly in colon cancer cell HCT-116 compared to the other cancers and normal colon cell.
Immunoprecipitation of FAK protein was optimized in the manner of bead selection, cell lysate amount, antibody
amount, washing conditions, and elution volume. Gel-LC/MSMS data and mascot search revealed about 350 protein
identity. FAK was found with the highest score indicating the successful pull-down and digestion. Among the
matched proteins, reportedly known binding partners of FAK include growth factor receptor-bound protein 14
GRB14, intergrin-linked protein kinase ILK, Ras-related protein RAB-22A, Rho-related GTP-binding protein RhoU. New
candidates for FAK binding partners proposed in our result include SACS, sacsin; SYNE3, nesprin; ZYX, zyxin; PLK1,
serine/threonine protein. The new binding partner candidates were confirmed using Western blot.

Conclusions

The further work include the effect of growth factors, FAK inhibitors on colon cancer cells to elucidate the upstream
regulators or downstream regulators involving the FAK signaling pathways. New binding partners of FAK once
validated and characterized will be potential biomarkers for colon cancer diagnosis and useful for the development
of therapeutic targets.

Novel Aspect
The literatures have not shown evidences for interaction between new binding candidates of FAK. Necessary
confirmation would be novel for therapeutic target development.
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Introduction:

Glycosylation of monoclonal antibody (mAb) therapeutics plays vital roles in drug’s biological activity and safety.
Monitoring of glycosylation affected by various environment conditionsis highly required to access QA/QC of mAbs.
Here, we developed a LC/MS based N-glycan library for rapid and high-throughput identification in various mAbs.

Methods:

The N-glycan catalogue was constructed using human immunoglobulin G and five different mAb therapeutics
produced by various cell-based expression systems. Reduced native N-glycans were separated and analyzed by
porous graphitized carbon (PGC)-chip nano-LC/MS. Accurate masses were used to compositionally profile N-glycans
and their structures were further elucidated by CID MS/MS. Major glycans (GOF, G1F, and G2F) on mAbs were
qguantified by UHPLC-HILIC-FLD.

Results:

Representative commercial mAbs (adalimumab, bevacizumab, infliximab, rituximab, and trastzumab) produced by
CHO cell and Sp2/0 cell were selected to construct detailed N-glycan catalogue for rapid characterization. In parallel,
human IgG was used as the referenceto confirm human-like glycan structures. The majority of the N-glycans from
five commercial mAbs were characterized by matching the RT and accurate masses with the structure of
glycansfoundin a human IgG reference. Corresponding compositions were further confirmed using structural
connectivity of the individual monosaccharide residues by tandem MS. In particular, non-human glycans found in
non-human mammalian cell system were newly identified by accurate masses, RTs, and tandem MS. Antibody N-
glycan catalogue containingover 70 distinct glycan compositions provides structures, relative quantity, and
chromatographic retention time(RT) based on PGC column.

Conclusions;

We createdthe N-glycan catalogue for rapid identification of glycans in mAbs. The combination of accurate masses
and LC retention times enables real-time identification for glycan structures. Product ions of each N-glycan by
tandem MS were also recorded in the catalogue. N-glycan catalogueof mAbs can be used as a valuable reference in
order to evaluate mAb variants and/or biosimilars for both developmental and regulatory purposes.

Novel Aspect:

Comprehensive N-glycan catalogue makes it possible to identify their structures in a high-throughput manner by
matching LC retention times and accurate masses.
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Introduction:

Sequence variants (SVs) are unintentional amino acid substitutions and contribute to the overall heterogeneity of
biotherapeutics. The presence of these replacements can be at differing levels, dependent on the cause of the
variant, making identification difficult. Here, we monitor the low level SVs using a highly sensitive, high resolution
mass spectrometer, the SCIEX TripleTOF® 6600, coupled to built-for-purpose BioPharmaView™.

Methods:

NIST mAb reference standard (#RM8671) was digested using standard conditions. First, digested NIST was run using
a 3 hour gradient on a ExionLC™ AD system coupled to a TripleTOF® 6600 and data was acquired in DDA mode. Data
was searched using ProteinPilot™ including a search for SVs. Subsequently NIST was acquired using SWATH®
acquisition. The data was processed in BioPharmaView™ software to identify and relatively quantify the sequence
variants.

Results:

NIST mAb was digested and run using a 3 hour reversed-phase gradient in data-dependent acquisition mode. The
data was searched with ProteinPilot™ with an emphasis on IgG antibody and SV identification in order to look for
variants. Once the SVs were identified, these sequences were input into BioPharmaView™ as impurities to monitor
with SWATH® acquisition on a shorter gradient. Using the peptide mapping workflow including MAM analysis in
BioPharmaView™, SVs can be identified and also quantified based on the non-variant peptide despite the shorter
gradient and their low abundance. The data-independent SWATH® acquisition ensures that MS/MS data is available
on the whole mass range throughout the gradient.

SVA requires a mass spectrometer with a high linear dynamic range, high sensitivity and speed to ensure that the
variants are seen at MS level and also fragmented resulting in a good quality MSMS data.

Conclusions

SVs contribute to the overall heterogeneity of biologics and are a measure of product, and production stability along
with potential detrimental effects on physicochemical properties, tertiary structure, and efficacy of the product.
Misfolded proteoform variants may be toxic impurities. The ability to detect these variants at low level assists
manufacturers in determining the potential consequences of the variant and differences from the expected product.

Novel Aspect:
Sequence variant analysis using MAM workflow.
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Introduction

Epitope analysis is a key step in the development of therapeutic antibodies. Lysosomal Storage Diseases (LSDs) are
successfully treated by Enzyme Replacement Therapy (ERT); however substantial, life threatening effects arise from
antibodies that block the infused enzyme. A new online proteolytic excision SPRMS combination (PROTEX-MS)
enables simultaneous structure identification and affinity quantification of antibody epitopes. Here we report a new
therapeutic concept by identification of antibody epitopes upon ERT. Synthetic epitopes against pathophysiological
antibodies open new clinical therapy approaches by (i), hyposensitization of patients, and (ii) molecular apheresis to
deplete antibodies.

Methods

Epitopes from antisera of Fabry disease (FD; a-Galactosidase deficiency) patients were identified using the PROTEX-
SPR-MS combination. Tryptic peptide mixtures were loaded onto the SPR-MS; after washing out nonbinding
peptides, epitope peptides were eluted with 0.01% TFA into the affinity interface, ESIMS was performed with a
Waters QuattroUltima MS. The epitope peptide, a-Gal(309-332) was identified from 2 FD patients and revealed high
affinity (KD, 39 nM) comparable to the full length enzyme (KD, 16 nM). Linear, stabilized epitope peptides were
prepared by SPPS.

Results
Key tools of the online PROTEX SPR-MS Epitope Analyzer are (i), a new SPR suitable for direct application of ESI-MS
without any buffer change (T-SPR); (ii), a new high pressure proteolytic system with substantially enhanced
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efficiency of protease digestion. The PROTEX
SPR-MS analyzer was applied to the epitope elucidation and affinity characterization of antibodies upon ERT in FD
patients, and provided the epitope, aGal(309-332), in which the lysine residues K-315 and 326 were shielded upon
antibody binding. The epitope aGa(309-332) was synthesized by solid phase peptide synthesis (SPPS) and purified by
HPLC on a semipreparative C4-column, yielding homogeneous peptide with >95 % purity. SPR determination of the
epitope peptide and the full length enzyme provided high affinities (KD, 39 and 16 nM, respectively). The aGal(309-
332) epitope contained two internal lysine residues that were not cleaved upon proteolytic epitope excision,
consistent with the shielding upon antibody binding.

Conclusions

The clinical application potential of the PROTEX SPRMS Epitope Analyzer was shown in epitope elucidation from
therapeutic and pathophysiological antibodies of lysosomal enzymes, with affinity constants (KD) amenable from
milli- to nanomolar ranges. Epitope peptides in FD patients are currently developed for antibody neutralization in
clinical ERT by systemic application and apheresis at physiological conditions. Thus, the identification, chemical
synthesis, and biochemical evaluation of antibody epitopes open provide new clinical treatment approaches for
reversing the immunogenicity and reconsituting the therapeutic efficacy of ERT in lysosomal dieases.

Novel Aspect
Antibody epitope identification in ERT of lysosomal diseases opens new clinical therapy to neutralize antibodies and
reconstitute therapeutic efficiency.

[1] Przybylski M, Lupu L, Voelklein F (2018) Eur. Pat. Appl.

[2] lurascu M, Belaunzanar OM, Cozma C, Petrausch U, Renner C, Przybylski M (2016) J. Am. Soc. Mass Spectrom.
27,1105-1112.

[3] Moise A, Maeser S, Rawer S, Eggers F, Murphy M, Bornheim J, Przybylski M (2016) J. Am. Soc. Mass Spectrom. 27,
1071-1078.

[4] Paraschiv G, Vincke C, Czaplewska P, Manea M, Muyldermans S, Przybylski M (2013) J. Mol. Recogn. 26, 1-9

[6] Kukacka Z, lurascu M, Lupu L, Rusche H, Murphy M, Altamore L, Borri F, Maeser S, Papini AM, Hennermann J,
Przybylski M (2018) ChemMedChem., DOI 101002 201800094.

308



950 - CHROMATOGRAPHY COUPLED TO MASS SPECTROMETRY FOR STABILITY STUDIES IN DRUG DISCOVERY
Laurence Queguiner (1) - David Speybrouck (2) - Sebastien Thomas (2)

Janssen Resarch & Development, Discovery Sciences, Val de Reuil (1) - Janssen R&D, Discovery Sciences, Val de Reuil

(2)

Keywords:
Mass Spectrometry, Chromatography, Stability studies, Pharmaceutics.

Introduction:

Pharmaceutical companies always try to reduce the time spent on Drug Discovery to push forward compounds of
interest into Clinical Development. To achieve the pre-clinical phase, Analysts need to provide the right and critical
physicochemical data to the chemists.

Thanks to hyphenated techniques,we have developed in house-procedures and methods to test the stability of
compounds, only looking for information which are relevant for the developability of a compound.

Methods:

Depending on the compounds to be tested, we develop methods in SFC/MS for the chiral stability if compounds are
pure enantiomers, after a screening to define the best separation. Chemical stability is monitored in UHPLC/MS
either in LRor HRMS. If a compound is found unstable, High-Resolution equipment al