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ABSTRACT
Background: As a comprehensive discipline that studies food rautdtion, foodomics requires
reliable qualitative and quantitative informatidmoat the food proteome component in order to
extract new, integrative information from the coeplmultivariable space of omics. This
information is necessary to achieve a higher levelnderstanding of processes in food science
and technology, consequently new functions of fand improved markers of food quality and
safety and transform the concept of food safety.
Scope and Approach: We are presenting mass spectrometry (MS) basddqmnic approaches
that are being utilized in different proteomic sas] not necessarily only in the field of
foodomics. Current analytical capabilities of MSbed proteomics together with sample
preparation procedures and quantification strasggaad recent technical developments were
presented.
Key Findings and Conclusions. MS-based proteomics enables the analysis ofrdifteaspects of

proteins and provides a variety of approaches dbalsle quantification of individual proteins

and/or food proteome. This is a complex field ated Successful implementation requires a
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dedicated analyst, thorough design of sample pagiparprocedure, proper selection of an MS
techniqgue and approach, adequate type of massr@peter, and both thorough data analysis
and validation. Improvements in the technology o&sm spectrometery are continuously

expanding capabilities of MS-based proteomics.

Keywords. foodomics, proteomics, mass spectrometry, food quality, food safety

List of abbreviations: AQUA, absolute quantificatjcCID, collision-induced dissociation; CV,
coefficient of variation; DDA, data dependent asifion; DIA, data independent acquisition;
ESI, electrospray ionization; HCD, high energy istdin dissociation; HRMS, high-resolution
mass spectrometry; ECD, electron capture dissoai@BTD, electron transfer dissociation;
iTRAQ, isobaric tag for relative and absolute qifaration; LC, liquid chromatography; LFQ,
label free quantification; LIT (LTQ), linear ionaip; MALDI, matrix assisted laser desorption
ionization; MRM, multiple reaction monitoring; NMRuclear magnetic resonance
spectroscopy; OT, orbitrap; PPI, protein — proteteractions; PRM, parallel reaction
monitoring; PTM, posttranslational modification; Qgtriple-quadrupole; SILAC, stable isotope
labelling with amino acids in cell culture; SRMJesgted reaction monitoring; TMT, tandem

mass tag; TOF, time of flight;
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Highlights:

Mass spectrometry based proteomics, as one of éire technologies in foodomics, is presented.
MS-based proteomic approaches in food researchifygaad safety control are introduced.
Improvements in sample preparation for mass speetiny analyses are described.

Critical points for application of MS-based proteosin food analysis are analysed.

Future directions of MS-based proteomics are desmils



80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

1. Introduction

Contemporary food research provides evidence tad erves not just to fulfil basic dietary
needs, but to actively influence a healthy lifgyohg a pivotal role in both the improvement of
its quality, and as natural prevention against dewiange of diseases (D’Alessandro, 2012).
Researchers are increasingly aware of the diffeen@mong individuals at the genome,
proteome and microbiome levels, and the existehes individual’s optimal metabolic space is
also becoming evident, which in combination witlviemnmental factors result in an individual's
phenotype. Advances in understanding of the madedudsis of disease susceptibility and food
quality together with interaction of food with thedividual’s metabolic space, introduced the
concept of personalized nutrition as a part of qesmized medicine (Noecker, 2016;

Vimaleswaran, 2015).

Analytical approaches based on MS are one of tseesa growing methodologies in food
analysis. The application of proteomics in foocesesh, quality control (sensory characteristics,
nutritional value, product traceability), autheitfiassessment (adulterations, geographic origin,
presence of GMO) and safety control (toxins fornfiexin proteins during food processing,
bacterial and fungal toxins, allergens, antinwnts, foodborne pathogens, prions, biopesticides,
GMO food) of food of animal and plant origin hasheextensively reviewed (Agrawal, 2013;
Andjelkovi¢, 2017; Chassy, 2010; Colgrave, 2017; Cunsolo, 2D14lessandro, 2012; Fasoli,
2015; Martinow¢, 2016; Piras, 2016; Sauer, 2015; Tedesco, 2014).

Over twenty year old field of MS-based proteomiesdme one of the main pillars of the group
of technologies with the common name “omics”. Roates methods complement their genomic
and transcriptomic counterparts, but also providditeonal biological information that is not

accessible by genomics and transcriptomics (Madh32Zubarev, 2013). Moreover, proteomics
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also provide information that is necessary for thhelerstanding metabolome. Proteomics is of
special importance for foodomics since from the rantrwhen the genome has lost its active
influence, and when food proteins are subjectedlitferent factors that are possibly not
genetically regulated, as well as to the food pserry conditions. All above listed factors can
significantly alternate protein properties and iat¢éions with components in the food matrix.
Research of the food proteome and its alteratiorfisienced by plant and animal strains
(genetics), different conditions of plant and ardimeowth, pests, food processing and storage
conditions, enable establishment of correlationswéen the food proteome and quality
parameters (nutritional value, sensory charactesistsuitability for processing, safety,
sustainable growth, etc.). These correlations eiable tailoring of sensory, nutritional and
technological properties of food, personalized ,damd identification of quality and safety
control parameters (individual protein or proteetworks as quality markers).

Future research will explore interactions betweamyndifferent layers (genome, transcriptome,
proteome, peptidome, metabolome, microbiome) ohbébod and consumer. Out of this
complex picture a way to extract meaningful infotima from a multilayer interaction network
should be paved. It is very important to minimibe increasing risk to become flooded with
wrong or biased information. A way of systematigarization of data blocs coming from
different sources was presented in order to agbesanalytical performance, to improve the
interpretability, prevent systematic errors, anthlfily, unreliable results (Chassy, 2010; Skov,
2014).

The MS-based proteomics generate a vast amourataf bh order to support research efforts to
understand the complexity of food MS-based proteataita should be collected and submitted

to data repositories according to guidelines. Hbiategy will enable the use of data in a more
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efficient manner, in order to provide the qualitl interpretation and the comparability of
analysis. A draft of guidelines was already pulddtor the largest proteomic attempt — The
Human Proteome Project (HPP) (Deutsch, 2016). moader sense, research of food quality
and safety at the level of proteins is the invedian of the interactions between two proteomes:
the food proteome and the proteome of a particwdasumer. Thus, HPP is the systematic and
comprehensive project that provides basis for &taomplementary proteomic projects or
expanding of the HPP to include the topic of fodthen combined with the current complexity
of MS-based proteomic approaches and in order Bysematically addressed, the impact of the
microbiome on the complex food proteome and viosajeas well as the interactions between
the proteomes of the food-microbiome-consumer requhe use of enormous resources in order
to be systematically addressed. Hence, the cotistnuaf a human proteome and food proteome
resource must be a long-term process. The creafidarge-scale proteomic methods already
paved the way to new types of questions concerboth protein expression and modification
profiling. These methods are now poised to addnesg protein expressions or modifications
will change as a function of disease and furtheregard to foodomics as a function of factors
that influence food quality and safety. Sequentireggenome was perhaps the easiest part, and
making sense of the constantly moving and changiature of the proteome (and later,
metabolome) will require a lot of time, effort acikativity (Nilsson, 2010a).

In this review available MS-based proteomic techgms, approaches and critical points

important for MS-based proteomic experimental desige summarized.

2. M S-based proteomics
Various analytical methods can be used for thestigation of biological systems at the protein

level. High degree of proteome complexity and ldwredance of many important proteins in the
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investigated sample require the use of highly de@nd sensitive analytical techniques.
Availability of genome sequence databases, techrsnd conceptual advances, as well as
advances in bioinformatics, made MS a method ofcehéor proteome studying (Aebersold,
2016). The definition of the proteome changed me liwith technical and methodological
developments (Ahrens, 2010; Mann, 2013). The compbeoteome comprises all expressed
proteins in a sample (cells, tissue, or a wholeaoigm), their proteoforms, modification states
and organization in macromolecular assemblies, givan time and spacét the moment it is
still not possible to achieve such a vast and pHueview into the proteome, and it is
guestionable whether we can achieve it at alleastl with the currently available technologies
(Ahrens, 2010). Further technical advances andldpnents of new bioinformatic tools will
certainly open new opportunities to work towardstpoal in the near future (Aebersold, 2016).
Nevertheless, depending on the question posedaytmot be always necessary to have such a
vast and deep view for a given experiment (MichaBB11).

Mass spectrometry based proteomic techniques apiedpto obtain data important for
understanding both the structure and function otegins (Fig.1). Examples of application of
MS-based proteomics in research and assurancedfjeality and safetgire provided in Table

1.

2.1. M S-based proteomicsin analysisof PTMs

More than 300 already known post-translational rications (www.abrf.org/delta-mass) are
one of the sources of proteome complexity (Wal€l953. Glycosylation is a highly abundant
PTM and about 50% of all proteins are glycosylateatge numbers of glycan structures (www.
glycobase.nibrt.ie) are formed by a combinatiomeddtively small numbers of monosaccharide

units. Different physicochemical properties of pios and glycan components of glycoproteins
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requires different technical and methodological rapphes for their analysis by MS (Scott,
2011). Glycoproteomics is a sub-group of MS-basedepmic approaches specialized for the
analysis of glycoproteins, Fig.1. At the currentdieof technology, the high complexity of the
glycoproteome is hard to elucidate solely by usglpéoproteomic approaches. Consequently, a
special group of approaches called glycomics weabkshed, Fig.1-2. Glycomics technologies
attempt to define the structure and quantify thenglete set of glycans of one cell, tissue or
organism (Mechref, 2013). The use of glycomics medbgies gives an insight into the enormous
capacity of glycans, and the information codingikeas towards understanding of the sugar code
in living systems (Gabius, 2015). The growing intpace of glycomics in foodomics research
also supports the fact that the most importantrgeies in food belong to the group of

glycoproteins (Andjelko, 2017; Leonard, 2005; Li, 2016).

The next widely investigated PTM is phosphorylatioih hydroxyl amino acids of proteins.
Phosphorylated proteins are directed links in dlgrganetworks between upstream kinases and
downstream transcription factors altering DNA exsgien profiles and many other biochemical
regulatory mechanisms. Phosphorylation is a dyndidl arising in a very short time period,
within minutes, as a result of activity of kinask®reover, it may also disappear within minutes
due to activity of the phosphatases. Physiologimglortance of this PTM, its vulnerability and
available technical level of methods for analysispootein phosphorylation, especially MS
inspired a special proteomic discipline — phospbtgomics. It strategically uses and further
develops selective approaches and bioinformatits tiar the investigation of phosphorylated
proteins, their position in interaction networksdathme flow of biological signals throughout
these networks (Riley, 2016). The response of teltifferent stimuli is one of key information

about signalling and it can be quantified usingggtmproteomics.
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MS-based proteomic approaches allow for the ideatibn and quantitation of thousands of
PTM sites in a single experiment (Doll, 2015). @utty, sensitive and dedicated MS-based
proteomic strategies are available only for a feffeent types of PTM (Doll, 2015; Venne,
2014). A comprehensive and simultaneous view of BTaWld PTM sites is important to get
insight into the mechanisms of regulation of protkinction by multi-PTM interplay (Pejaver,
2014; Venne, 2014). Protein conformation can beutaddd by PTMs, hence protein turnover,

localization, PPI and enzyme activity can be a#fdct

As presented in Table 2, the complexity of the fpodteome is additionally increased by the
number of non-enzymatic and enzymatic PTMs. AISBMP can arise as a result of reactions
with food matrix components, additives, microbialzgmes and toxins, or other components
emerged during food processing and storage/transpbese modifications are usually not
stoichiometric, and are often in low abundance. B\wv, they can have a significant
physiological role, whether it is in triggering fofod allergies, or other harmful processes such as
food poisoning or carcinogenesis. Moreover, theyiamportant for technological properties, as
well as for nutritional and sensory food propertidésvestigation of enzymatic and non-
enzymatic PTMs that have occurred after food preiogsor storage, showed that PTMs can be
used as parameters for food quality control (Agiavi®13; Arena, 2017; Paredi, 2012).
Consequently, there is a need for the design atlement and data analysis strategies for the
detection and assessment of these modificationis. fébt is very important for experimental
design when MS-based proteomics or other high-tirput approaches are used. If not perfectly
designed, such kind of investigation can be a sowfcsignificant analytical problems and
systematic errors. A particular problem in discgverteomics is data analysis. A large number

of possible PTMs of food proteins cannot be easitjuded in search engines since that requires
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strong computers and significantly increases armmalyse. Simplified strategies cover a few
predicted PTMs included as variable modificatioasd error-tolerant searches are allowed
during a sequence database search. However, oexgfied and validated as a marker of food
quality and safety, a particular PTM can be rodgirguantified using a targeted proteomic

approach\ideinfra).

2.2. Conformational proteomics

Conformational changes are essential for biologigattions of proteins, the investigation of
structural dynamics is necessary to understand gteysiological role. A group of proteins
known as “intrinsically disordered” are so dynarttiat under physiological conditions they are
characterized by a complete or an almost compéetie df an ordered structure (Dunker, 2013).
Information obtained by MS can significantly complentin vitro 3D structure elucidation with
X-ray crystallography, electron microscopy, NMR aatther spectroscopic methods (Leney,
2017; Vandermarliere, 2013). MS-based methods negda small amount of sample enabling
the investigation of naturally occurring structuraad PTMs which are complicated for
purification and/or expression. Moreover, MS enalilee probing of structural transitions of
proteins in a complex biological environment oraegé scale (Feng, 2014). Mass spectrometry
combined with methods such as hydrogen-deuteriwwhamge (Rand, 2014), limited proteolysis
(Feng, 2014), cross-linking (Leitner, 2016; Sin@,12) and MS footprinting (chemical surface
labelling) can also provide information about soefa accessibility of amino acids
(Vandermarliere, 2016). This information can bedute characterize protein conformation, as
well as the 3D structure of macromolecular pro#ssemblies and PPIl. Consequently, the MS

can give an additional contribution to the investign of macromolecular protein complexes
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including their composition, stoichiometry, copynmoer, topology and dynamics (Wohlgemuth,

2015).

2.3. Analysis of protein-protein interactions

Protein functions can be modulated in different syapcluding their expression level, PTMs,
metabolites, and PPIl. MS-based proteomics offersyymdifferent approaches for PPI
identification (Smits, 2016). Comprehensive andadpcible information about PPI is necessary
to build networks of interacting molecules (genesheir products — proteins — cofactors —
messenger molecules — metabolites) as a basisutmmtitative/dynamic analyses (Bensimon,
2012). Dynamics of these networks that are moddlatedifferent time scale by interna.d.
genomic alterations) and external factag.(environmental, food) is believed to determine the
phenotype (Aebersold, 2016). Building of interastioetworks, their analysis and comparison,
fusion, harvesting of information from networks asither sources in order to understand how
network capture and process information induceeziip response or phenotype, are complex
tasks for bioinformatics scientists (Gligorijéyi2016). Concerning food safety and quality,
network includes, as external factors, food praogsand storage conditions, as well as the

effect of food on its consumer.

2.4. Chemical proteomics

Protein quantities do not necessarily represernt #utivities. A toxic protein whose toxicity is
based on its enzyme’s activity, or an enzyme wiagsgity is of a particular interest for food
processing or food value can be present in a desthtar inactivated form. Hence, measuring of
total amount will not provide information about quity of active form. Quantitative information

about enzyme active form can be obtained by MSebasateomics by means of activity-based

11
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protein profiling (ABPP). Chemical probes are spigidesigned to contain a reactive group that
targets a specific enzyme class by forming an érgble covalent bond and a reporter group
that enables their enrichment and/or detection @ifyi2016). ABPP are developed for different
enzyme classes (Cravatt, 2008), such as prote&se®\t, 2008), kinases and phosphatases
(Ruprecht, 2015), glycosydases, cytochrome P456teids in low abundance that exhibit
enzyme activity, can especially be assessed by ABP&att, 2008).

Chemical probes can be designed based on smalcuhedederived from natural products or
food and used for identification of their interacti partners in proteom@A\right, 2016).
Proteomic approaches for the same purpose, bubwmtitthemical labelling of small molecule,

are also described (Guo, 2017).

3. Sample preparation

Proper sampling, sample preparation and samplelihgrate seen as among the main problem
areas of proteomics (Nilsson, 2010b). The divismilabour between those who control
sampling and sample preparation and those who wittk the MS can result in serious data
quality issues, due to the lack of accountabilitgd ananagement of the data generated (Nilsson,
2010b) and lack of standardization (Poste, 20119toeol should be thoroughly discussed
between MS-based proteomics specialists and teammbers (biologists, chemists, food
technologists, nutritionist, clinicians, etc.). @t sampling requires knowledge of complex
structure of the food matrix and the correspondanglytical protocol (Jongenburger, 2015).
Sampling methods are not equally useful, and tiemo universal method, thus making the
choice during experimental design is a criticalnpdSkold, 2013). After sampling, a proteome
can be rapidly modified by released (or activa@ateases, other protein- modifying enzymes

(e.g. phosphatases) and metabolitesy.( polyphenols, glutathione, organic acids) which are

12
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naturally present in analysed food material. Sarppéparation itself can be a significant bias of
a foodomic method since the accuracy of the expaeriatl data, and both their reproducibility
and confidence essentially depend on the accurady cmality of the clean-up technique.
Consequently, sampling, sample handling and sarppéparation has to be known and
considered during interpretation of MS data (Skall3). MS-based proteomic specialist is the
one who must ensure high fidelity of the platformmough routinely performing checks and
balances (Bittremieux, 201Rtilsson, 2010b). For this purpose, different stadgahould be in
regular use to control purification efficiency (Geth, 2014), protease digestion (Lebert, 2015),
peptide retention time during LC (Beri, 2015; Esct#912), as well as the ionization efficacy.
Automated pipelines for quality control of LC-MS/M&e in development (Bereman, 2015a).
An overview of techniques in food analysis and dangreparation was recently published
(Galloa, 2016).

MS-based proteomic techniques can detect about poo@ins in 0.1 ug of protein digest.
However, detection of more than 9000 proteins meguinore than 1 mg (>5x3@verage human
cells) of starting material (Mallick, 2010; Zubare2013). Protein extraction is a first step in
sample preparation, and it is a great source atian, its design strongly influencing proteomic
results (Dhabaria, 2015). An number of differentoqadures usually involve physical
homogenisation (mechanical force, ultrasound (Kagan2015), increased pressure,
heating/cooling, etc.), the use of buffers, detstgiechaotropic agenter protein extraction and
solubilisation, application of reducing agents, wsll as different substances for enzyme
inhibition (Bodzon-Kulakowska, 2007). Some of thesene or in combination with others, can
introduce chemical or physical changes of aminasasuch as carbamylation or the Maillard

reaction (Kollipara, 2013). Sample preparation aodomics is the topic of a comprehensive
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overview about sample preparation in foodomics #tsd includes complex approach by use of
different proteolytic enzymes and other methodspimtein cleavage before further analysis by
LC-MS/MS (Andjelkovic, 2017).

4. Acquisition of mass spectra in bottom-up proteomics

The term MS-based proteomics is used most oftéharcontext of bottom-up approach (Fig.2).
In bottom-up approach proteins are extracted amgestied by a sequence-specific protease.
Resulting highly complex mixture of peptides is gligd to mass spectrometer in the form,
amount and time frame that will enable successfahrenation using a particular MS technique.
Currently, mass spectra can be acquired in thrierelt ways: data dependent, targeted and

data independent acquisition (Fig.3).

4.1. Data dependent acquisition

The most common MS-based proteomic approach in ifoggktigation is the shotgun bottom-up
approachalso known as “discovery based” (Zhang, 2013),Zin this approach, an adequately
extracted and prepared sample containing a proteiture is digested to peptides with trypsin
or with other site-specific proteases (Switzar, 01The obtained peptide mixture is
subsequently separated into fractions by LC or roieparation techniques, such as capillary
electrophoresis. These fractions are either ondieetrosprayed (LC-ESI-MS/MS), or off-line
spotted and after addition of proper matrix ionided MALDI (LC-MALDI-MS/MS), and
introduced into the corresponding mass spectrombtea further step, the generated ions are
scanned (MS scan) and in so-called data dependguisiion (DDA) mode, usually 3-20 most
abundant (“top”) ions are selected by predetermimel@és (dynamic exclusion, detection
window, charge state selection, base line subtraaic.) in a time dependent manner (Fig.3).

Selected ions are then fragmented (CID, HCD, ETDhdD) (Frese, 2011). The EThcD

14
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fragmentation technique is implemented into theedathybrid mass spectrometers and
substantially improves the level of peptide backb@ragmentation (Frese, 2012). The generated
fragments are subsequently analysed by an MS/M& $tdhe final step, the data from MS and
MS/MS scans are matched with sequence databasegdns of different algorithms, in order to
identify peptides and, subsequently, proteins (Aud2017; Ting, 2015). Interpretation of
shotgun proteomic data is a complex task that ead lto ambiguities in determining the
identities of sample proteins (Nesvizhskii, 2008formation obtained at the level of peptides
has to be analysed in detail in order to make cobreenclusions about protein/s (isoforms,

proteoforms, sequence redundancy) that contaircpkt peptide (Nesvizhskii, 2005).

4.1.1. Capacity of shotgun bottom-up approach

MS-based proteomics shows a brilliant developmerdr dast 10 yearsSeven years ago a
standard shotgun LC-MS/MS analysis of a single bte# lysate, over 3-h, elute more than
100,000 isotope features, likely representing jpiesti and they could be detected with a HRMS
scan. However, just 16% of these were targetednbyl&MS scan and only 9% of them were
identified by “top 10” DDA (Michalski, 2011). Witha standardized analysis platform, the
achieved degree of repeatability and reproducybiias about 70-80% (Tabb, 2010). A higher
degree of reproducibility (>90%) with this techngjyocould be achieved by repeating the
analysis 7-10x until virtually every peptide hagbebserved, however, only when results of all
subsequent runs have a very high overlap with dreeollected data (Mitchell, 2010).
Application of a longer LC gradient or intensivergde fractionation with subsequent analysis
of each fraction could also improve the reproduitjbof DDA. However, this strategy requires

more time and increases costs (Domon, 2010). Meyoting properties of mass spectrometers
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for the detection of a larger number of peptidesaishort time are: sequencing speed (duty
cycle), sensitivity, and precursor ion isolationi¢hhlski, 2011).

Five years ago, an advanced commercial instrumaaiérucarefully optimized conditions could
identify more than 37,000 peptides (belonging t@68 proteins) in a 4-h single dimension LC-
MS/MS run (Pirmoradian, 2013). This is about a ludlthe expressed proteome of an average
human cell line. Multidimensional protein identditon technology (MudPIT; combination of
several separation techniques) (Fournier, 2007)dcprovide >10,000 proteins, but operational
costs, sample preparation and consumption, andimgtkne of LC-MS/MS of more than 24-h
were still high (Pirmoradian, 2013). Latest Orlptfausion MS system could analyse ~90% of
yeast proteome (~4500 proteins) in 1.5-h of nanwlotk (Hebert, 2014).

Mass spectrometers handle a proteome dynamic rahdge5 orders of magnitude (Domon,
2010). However, the proteome dynamic range stretdwer at least 6 orders of magnitude,
approaching 11 orders of magnitude in the bestsiiygted case of blood plasma (Anderson,
2002). A wide dynamic range is one of the mostlehging problems in MS-based proteomics
and it is still not satisfactory solved. The conxiigof analysed peptide mixtures is increased by
the proteolytic background coming from ions of pags$ that are results of an unspecific tryptic
(proteolytic) cleavage. Relative abundance of neosigc peptide ions is about one order of
magnitude lower than the expected abundance ofifgpemnes (Picotti, 2007). Proteolytic
digestion increases the dynamic range of signahsities of peptides for at least one order of
magnitude (Zubarev, 2013). This is the intrinsmitation of the shotgun technique that covers
low abundant peptides and impairs their identifarat(Picotti, 2007). A portion of generated
peptides can also be modified during sample préipargTable 2). These modifications also

occur in an undefined fraction of peptides. Thatan®e that the modifications are not
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376  stoichiometric. Moreover, there are chemical madiiions like racemization or isomerization
377 (Table 2) of amino acid side chains that do noingeathe molecular mass but may influence
378 chromatographic behaviour. All listed modificatioase lowering the amount of a particular
379  peptide (or a proteoform) and they also increasecttimplexity of an analysed mixture. Thus,
380 identification of both low abundant proteins anghty hydrophobic proteins is a complex task
381 that requires a specially designed sample prepargtrocedure, the choice of an optimal
382  proteomic approach, an optimal LC-MS/MS system aondesponding data analysis (d9si

383 2007, 2014; Vikovi¢, 2013; Zubarev, 2013).
384 4.1.2. Futuretask

385  The exclusive use of trypsin in proteomics couldalieason why our view of the proteome still
386 remains incomplete. For the sake of broadening e/, a parallel analysis with alternative
387  proteases or other cleavage strategies shall l®dsoad in the future. This will enable to access
388 more information rich sequences important for tdentification of protein isoforms and
389  proteoforms (Giansanti, 2016; Trevisiol, 2016). tdpdate, LysargiNase has been evaluated for
390 its application in shotgun bottom-up proteomicsigisani, 2017). It cleaves proteins at the N-
391 terminal side of Arg and Lys. Comparing to the pratg of tryptic digestion, these peptides
392 contain two protons, following ESI, positioned dtetN-terminus. The consequence is a
393 completely different fragmentation pattern that yides additional structural information
394 (Tsiatsiani, 2017). Protection of Lys,\ by a cheshienodification before trypsin digestion
395 restricts cleavage to Arg (except when it is fokalAby Pro) and it could also be an alternative to
396 the conventional trypsin digestion (Golghalyanil2p An even better might be achieved by use

397  of protease GingisRE¥' that cleaves only the C-terminal side of Arg, reltgss of Pro.
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Stochastic nature of the precursor ion selectioDA is biased toward the more abundant
component in the sample. The consequence is teathhnges caused by single nucleotide
polymorphisms, mutations, splicing variants, somiéIs and other protein modifications are
mostly inaccessible. Additionally, the low sequegcispeeds of mass spectrometers that are
applied for analyses cause additional problems wegiroducibility of DDA (Domon, 2010;
Picotti, 2013). Application of dynamic exclusionDDA maximizes the number of unique ions
to be isolated for fragmentation and MS/MS scanthie same time, application of dynamic
exclusion strongly reduces the probability of itola of a precursor ion at the apex of its
chromatographic elution peak. The repercussion isegative effect on the quality of the
acquired spectra and consequently, on both queditaind quantitative analysis. Efforts to
overcome these problems have led to the developwietdrgeted and directed approaches

(Domon, 2010).

4.2. Targeted acquisition

Targeted proteomic approaches (“hypothesis drivetepmic approaches”) were developed for
accurate and reproducible quantification of anytggroor a set of proteins in any biological
sample (Picotti, 2013). First targeted approach based on a MS acquisition technique called
selected reaction monitoring (SRM) developed on Qugds spectrometers. The first step in a
targeted approach is the selection of proteins Hrat objectives of a particular research
(formulation of a hypothesis) and that will be &t with the MS analysis. For each selected
protein, at least one peptide with 2-4 characierisansitions (pair of m/z values associated with
the precursor and one of its fragment ions) isfodlyeselected for monitoring (Brusniak, 2011,
Carr, 2014; Colangelo, 2013)vhen more than one transition is monitored, SRMnswn as

multiple reaction monitoring (MRM). If food protesnare analysed, selection of peptides for
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SRM additionally has to take in consideration micdiion of proteins presented in Table 2. The
total number of targeted peptides that can behigliquantified is limited by the time available
for the transition scan at a particular mass spewtter, the amount of a particular peptide ion
and by the chromatographic elution profile of atmlp Thus, the total number of proteins that
can be reliably quantified in one LC-MS/MS run om@ is around 100 (Picotti, 2013).
Sensitivity of SRM allows the identification of dowo 100 or ~7500 copies per cell in non-
fractioned yeast or human proteomes respectivelg,i-h LC run (Picotti, 2013; Ebhardt, 2012;
Picotti, 2009). The limit of detection of SRM cae further improved by sample fractionation or
enrichment. This enables the detection of low ahahg@roteins, isoforms and proteoforms (Liu,
2013). Better management of time available for nspgstra acquisition during an LC run can be
achieved using scheduled SRM. In this techniqued#tection window for a particular peptide
opens only around its elution time and as a coramerpithe number of quantified proteins can be

increased (Escher, 2012).

A directed MS approach consists of two distinct experiments. In the fingh the sample is
analysed in MS mode and peptides are identifiedblmnformatics tools. An integrative
approach providing any additional information frogenome-wide mRNA analysis or
metabolome data would be extremely beneficial (Vatin2014). In the second run, only
peptides of interest are included in the list afsavhich will be selected for fragmentation and
MS/MS scan. Consequently, directed MS approachskiguion selection on non-redundant and
information-rich precursor ions. Essentially, withetter management of available mass
spectrometer time, the duty cycle was directecheopeptides of interest (Schmidt, 2008), and
not exclusively to the most intensive ions. Thuatiplly removing bias toward more abundant

components increases the depth of analysis anceliability of quantification (Domon, 2010;
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Schmidt, 2008). Benefits of directed MS in protecgencan only be realized if the sample
complexity is high in relation to the duty cyclegadable, and if the samples are available in
amounts that allow multiple LC-MS/MS runs (SchmR208). This is the case in food research

where samples are of high complexity and their antsare usually not restricted.

4.3. Data independent acquisition

Numerous technical advances, like the developmeRRMS, improvements in ion collection,
transmission optics and selection, and increasscah speed, enabled the development of data
independent acquisition (DIA) technique. DIA usededined window size to systematically, in
repeated cycles during a chromatographic run, samppcursor ions from an analysed mass
range. All sampled precursor ions are simultangofigigmented and MS/MS spectra are
collected (Bilbao, 2015; Chapman, 2014). The windaze in different DIA approaches ranges
from a wide window comprising the whole mass ratmya very narrow one, down to 0.4 Th. In
this way DIA approaches generate very complex MS/Bffectra, especially when wide
precursor isolation windows were used. DIA doesprovide direct link between the precursor
ion and its fragment ions. Hence, the analysis ath dacquired with DIA require complex
processing strategies as well as software soluaaddarge informatics resources (Bilbao, 2015;
Egertson, 2015; Escher, 2012). Once acquired détaDVA can be later refined and re-mined.
Many different DIA approaches are developed and lempnted on different mass
spectrometers, Table 3. Each of listed approachssuhique characteristics and choosing one
over the other involves trade-offs in sensitivigglectivity and number of samples analysed in
certain time frame. Compared to DDA strategies hotgun proteomics, DIA increased the
visibility of low abundant and isobaric peptidespdaas a consequence increased the

identification of proteins containing these pepsid€he dynamic range of DIA spans over 4-6
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orders of magnitude (Aebersold, 2016; Gillet, 201® to 8 with CSI-PAcIFIC DIA (Table 3).
Selective enrichment and purifications of peptidestaining PTMs is a usual strategy for their
analysis, (Fig. 2). However, this is not possildedll PTMs and DIA methods could be applied

as an alternative.

5. Alter natives to M S-based bottom-up proteomic approach

Alternative and complementary approaches to MS«<bdsdtom-up proteomic approaches are
top-down and middle down MS-based approaches.

In top-down proteomics (Fig.2), intact proteins large protein fragments (>15 kDa) are
analysed by MS scan to obtain the molecular wedilat particular protein and its proteoforms.
The MS scan is performed on an ultra-HRMS, in fireg FT-ICR and Orbitrap. However, TOF
mass analysers can also be used for certain top-doalyses. Upon MS scan the protein ions
are fragmented and fragments are analysed in aeguoest MS/MS scan. Fragmentation
techniques such as ETD/ECD are of special impogtasmce they are able to preserve the
information about PTM's. Combination of ECD witiDQ EtciD) or HCD (EthcD) can provide
high protein sequence coverage that increases dghédence in proteoform identification
(Brunner, 2015; Frese, 2012). Infrared multiphodgsociation or ultraviolet photodissociation
exhibited an additional potential to improde novo protein sequencing (Shaw, 2016). Due to
the current inefficiency of MS/MS techniques, linaf protein size that can be efficiently
sequenced in a time-constraint experiment is ardth#Da (Laskay, 2013). The MS scan of
intact protein contains a large number of highlarged ions which originate from the same
molecular species. In the presence of proteofornts @ther proteins, isolation of single ion
species is a hardly feasible task and the resuMiBgMS spectra are highly convoluted (Laskay,

2013). Hence, the top-down approach requires interfsactionation to obtain less complex
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protein mixtures (Tran, 2011; Zhang, 2014). Therati@rization of proteoforms in identified

proteoform—spectrum matches still relies mainlyneanual annotation (Kou, 2016), but recent
technological advances of mass analysers towartta-high resolution, as well as new
algorithms for data processing, are nhow makingdopn the method of choice when studying

complex proteoforms (Kou, 2016; Vyatkina, 2015).

Middle down proteomics analyse large peptides @aiize of about 7-15 kDa, compared to less
than 3 kDa in bottom-up approach, and 3-7 kDa tereded bottom-up proteomics. This strategy
combines the advantages of bottom-up and top-dowproaches and minimizes their
shortcomings (Laskay, 2013). The advantage of lopgptides is their larger chance to contain
higher charge, resulting in a more efficient ECDIETThe result of increased fragmentation
efficiency is the higher sequence coverage. Addiily, larger peptides have a higher chance to
contain individual mutations and PTM's hence ibéneficial for the identification of isoforms
and proteoforms. Moreover, the complexity of a mpmixture is reduced when longer peptides
are generated, rendering more time for mass amalyh&ing an LC run, and resulting in a
higher resolution for larger number of peptidesngamuently, the analysis of large proteins that
still cannot be analysed by top-down approach, e as the analysis of proteoforms that are
difficult to separate, can benefit from the middlewn approach (Zhang, 2014). Peptides of
average mass >3.4 and >6.3 kDa can be generatie I8ap9 (Srzerdti 2014) and OmpT (Wu,

2012) proteases respectively.

6. Quantitative high-throughput proteomics

Mass spectrometry can provide relative quantitatinfermation (a quantitative comparison of

proteins between different samples expressed ahdaof change of a particular protein between
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analysed samples) or an absolute (exact concemtrati number of individual protein/s in a
given sample). Different technologies and approscshere developed for this purpose, Table 4.
The importance of MS-based quantitative proteomigsemphasized with recent studies
demonstrating thathe identity of cells and tissues seems to be ohétexd primarily by the
abundance at which they express their constituerieins, and perhaps by the manner how the
proteins are organized in the proteome, rather biyaihhe presence or absence of certain proteins

(Aebersold, 2016).

Quantitative changes of the food proteome may fleenced by different factors such as plant
or animal strain, genetic engineering, growing ¢bois, quality of animal food, particular food
processing, storage conditions, etc. Consequentyidually or collectively these factors can
influence food quality and/or safety (Agrawal, 20IBAlessandro, 2012; Piras, 2016; Tedesco,

2014).

Biological variations of interest in proteomics aoften very small. Consequently, the
requirements for the precision of quantitative @ootic experiments are very high (Lyutvinskiy,
2013). Accurate mass measurement is of a majoreconin the development of MS-based
proteomics (Aebersold, 2016; Tabb, 2010). MS-bgseteomics is an example of a multivariate
process with the potential for highly correlatediafales as performance declines (Bereman,
2015). Major sources of variability are extractiamstrumental variance, instrumental stability
and protease digestion (Piehowski, 2013). Everycgoof variation can be detrimental to the
extract of meaningful biological information. Difent tools are available to monitor the system
suitability and to improve proteomic workflows (Benan, 2015; Walzer, 2014). The importance
of this topic is promoted by HUPO within the pratd@o standard initiative specialized quality

control working group that has been founded in otdedefine a community data format and
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associated controlled vocabulary terms, facilitdé#a exchange and archiving of MS derived
quality control metrics (http://www.psidev.info/grnps/quality-control). Quality control methods
and standard operating procedures are necessaty phrproteomics, unfortunately still
frequently neglected. The evaluation of performareae be achieved by sharing and exchanging
results between reference laboratories, by us@miwwn samples, different methodologies and
experimental designs (Bereman, 2014; Tabb, 2016).laboratories deploy different
methodologies to analyse the differences betweesdime two complex samples, then they will
assuredly see differences in the gene or protsta produced by the two technologies (Tabb,

2016).

Quantitative comparison of proteins from differesatmples (relative quantification) is mostly
performed by two basic technologies (Ong, 2005h|d4.

1. Directly comparing ion abundance between samplele applying different strategies
to minimize different mass spectrometer responge differences in sample preparation; this
group of approaches are known as label-free queatidn (LFQ) (Cox, 2014; Neilson, 2011);

2. Upon labelling (metabolic, chemical or enzymatitproteins (or peptides) in each of
the few analysed samples using unique stable issigamples are mixed and analysed together
in the same run; this technology is known as staisibtope dilution (Ciccimaro, 2010). Most

known approaches based on the labelling techn@ogyisted in Table 4.

6.1. Label-freestrategies
In label free proteomics, quantification can bef@@ned using different approaches at the MS
scan level (area under the curve or signal intgrmmagasurement) or at the MS/MS scan level

(spectral counting) (Ahrné, 2013; Arike, 2014; Neit, 2011). Comparative studies of LFQ
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approaches demonstrated certain advantages théotwer approaches (Ahrné, 2013; Arike,
2012; Dowle, 2016).

In a label-free quantitative proteomic experimemicke sample is prepared and analysed
independently. Discrepancy in sample preparatioocgmure (sampling, sample handling,
extraction efficiency, protease digestion efficacyean-up efficacy, etc.) is a source of
variations. These variations can be reduced byeglo® design, training of personnel and
application of robotics. Variability of instrumenésponse€g. variation in the current of ESI
during an LC-MS/MS run, ion suppression during #aion, reproducibility of retention times,
fluctuation in instrumental sensitivity) can be wedd by use of internal standards (Lyutvinskiy,
2013; Piehowski, 2013). In order to standardize@arpreparation, the extent of digestion and
performance of an LC-MS/MS system, a universal @rotstandard called DIGESTIF was
developed (Lebert, 2015). However, the use of matestandards introduces another level of
complexity and increases the costs of the analysistvinskiy, 2013). Instrumental response
can be corrected byn silico post-processing. This significantly improves thecuaacy and
precision of LFQ (Cox, 2014; Lyutvinskiy, 2013; TR017). An MS-based proteomic
experiment will highly benefit from every step undé&en towards the reduction or correction of
the coefficient of variation (CV). Reduction of Civhproves efficacy (probability to detect
guantitative difference between proteomes) by redudime and costs of experiments
(Lyutvinskiy, 2013). Detailed optimization of paratars for LFQ could provide relative
guantification of up to 2900 proteins in 4-h fomgdes analysed in triplicate (Pirmoradian,

2013).

6.2. Label-based strategies
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Concerning both precision and accuracy, SILAC ig tlyolden standard” for relative
guantification in discovery proteomics (Lyutvinski013; Zhang, 2013). This approach,
described in 2002 foin vitro non- isobaric metabolic labelling, was subseqyeadijusted for
many different applications, includirig vivo labelling of animals and plants, as well as tissue
analysis (Ong, 2007; Table 4). In SILAC method elddtl samples are concomitantly analysed
by LC-MS/MS and relative quantitative comparisonotained from the MS scan. High
accuracy of this method is a consequence of sefaats: mixing of differently labelled samples
early in the experimental process, which enablesuléaneous sample preparation and LC-
MS/MS analysis; the fact that every protein is dif@d several times through multiple MS
scans and usually (85%) through multiple peptidest 100% efficiency of metabolic labelling.
High costs of ann vivo labelling were reduced with the development okepn SILAC, while
high complexity of tissue proteomes was addressét the use of “super SILAC”, for

references see Table 4.

When TMT/ITRAQ are used, relative quantitative mmf@ation is obtained when peptides that are
chemically labelled with an isobaric tag upon fragation release low m/z reporter ions. These
reporter ions are compared in the subsequent MSIAS. Peptides labelled with an isobaric tag
have the same mass in an MS scan, thus they dmerebse the complexity of the MS scan
spectrum as it is the case with peptide labellifty won-isobaric tags and SILAC. Comparing to
MS-based quantification, a higher dynamic range &&n assessed with MS/MS based
guantification (Rauniyar, 2014). Currently, the adtage of TMT/ITRAQ over SILAC is

multiplexing that allows a simultaneous quantitat@nalysis of 10 samples (Weekes, 2014).
Application of triple-stage MS (MS3) was proposedetiminate interference in iTRAQ, which

comes from near-isobaric ions that are co-isolated co-fragmented with the selected peptide
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(Ting, 2011). However, application of MS3 takesemalty in sensitivity. When the MultiNoch
MS3 method developed on the Orbitrap Velos masstispeeter was applied, the sensitivity of
MS3 could be increased 10x without a significasslof selectivity (McAlister, 2014). Another
method that eliminates accuracy and precision problof TMT/ITRAQ exploits high accuracy
and resolution of modern mass spectrometers ugsingplement TMT fragment ion clusters as
an alternative to reporter TMT fragment ions (W2012).

Chemical dimethyl labelling introduces non-isobadg to peptides that allow quantification at
the level of an MS scan. The main advantages oéftiyh labelling are inexpensive reagents, as
well as the labelling procedure that can be easilpmated, performed on-line, and applied in a
high-throughput manner (Altelaar, 2013). Labellimgh different isobaric tandem mass tags or
with non-isobaric mass tags is performed at thelle¥ peptides, after protease digestion of a
sample. This includes more independent sample @gpa steps (that can be significant sources
of variability) before mixing differently labelledamples for further simultaneous sample
preparation and LC-MS/MS analysis.

Additionally, special isobaric tags are developed dysteine and PTMs, such as carbonyl and
glycan modifications (Rauniyar, 2014).

Neutron encoding (NeuCode) is a new quantificapproach which benefits from ultra-high
resolution of FT-ICR and Orbitrap mass analyseas i capable of distinguishing a mDa mass
difference in a neutron mass signature of differisatopes (Hebert, 2013). Neutron mass
signatures can be encoded in metabolically, chdiyioa enzymatically introduced tags. Using
neutron encoding, the multiplexing capacity of S@ Avas increased, currently up to 9-plex in
NeuCode SILAC. It combines the accuracy of SILAGhwmultiplexing capacity of isobaric

tagging and does not suffer from the problem ofcpreor interference which reduces the
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accuracy of isobaric tagging (Rose, 2013). The rammbf mechanisms for increasing
multiplexing capacity (number of samples which d@nsimultaneously analysed) of isobaric
regents was described (Braun, 2015; Frost, 20183ulRs of the latest study evaluating the
reproducibility of LFQ and iTRAQ showed an encounggdegree of conformity that suggests a

degree of the maturity of proteomic methods (T&ltli,6).

6.3. Absolute quantification with isotope labelled standards

Absolute quantitative information about individugioteins is a prerequisite for modelling
studies of biochemical systems (Malmstrém, 2008),understanding the complex interplay of
the system (food or consumer) components or iragrpetween components of two systems
(food and consumer), as well as for the quality aafity control of food. As in the case of
relative quantification, absolute quantificatiomaségies are based on the technology of stable
isotope dilution (Brun, 2009; Villanueva, 2014). sEstially, signal intensity of a mass
spectrometer is standardized with a known conceotraf an isotope labelled reference. This
reference can be produced by labelling a standarpke containing a known amount of peptides
of interest tagged with isobaric (or non-isobat&ys. Also, the reference can be an isotope
labelled peptide of identical structure as the idepof interest. The reference isotope labelled
peptide can be supplied to the sample using diffeserategies: AQUA, QconCAT or PSAQ

(reference in Table 4).

A synthetic isotope labelled peptide can be addédl the sample before protease digestion or
immediately before LC-MS/MS analysis. This strateggy known as AQUA (absolute
guantification). If a subsequent immunoaffinity stis performed, in order to enrich the low

abundance peptide of interest, the strategy is knasvSISCAPA (Stable Isotope Standards and
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Capture by Anti-Peptide Anti-bodies) (Anderson, £200The selection of peptides that will be
used as internal standards is important for theesscof quantification, and different methods
are developed for this purpose (Brusniak, 2011r&y2011). Peptide standards for AQUA may
also contain PTMs if these are of interest for diaation. Quantification accuracy of AQUA
strategy may be compromised by incomplete protdagstion of proteins or if pre-fractionation
steps are used in sample preparation. Thus, eféigief digestion has to be monitored, as well

as the yield (recovery) after each fractionati@p<gGallien, 2014).

Quantification concata-mer (QconCAT) strategy ugpesypeptide constructs (concatmers)
composed of many different isotope labelled pepgtid€hese constructs are biologically
synthetized. Concatmers are added to the sampbeehefotease digestion and protease releases
isotope labelled peptides. In the same time, tipegtides serve as a control for digestion and
also as internal standards for quantification. @A&n enables simultaneous quantification of
several proteins and is less cost-intensive thatJAHowever, this method also suffers from
the same problem caused by an insufficient protdagestion efficiency and possible low yield

during pre-fractionation.

In order to provide a reliable absolute quantifmat a good internal standard should behave as
closely as possible as the analysed protein, fatigwt throughout all sample preparation steps.
As a part of the strategy for overcoming problenithvaccuracy caused by protease digestion
efficiency and sample pre-fractionation, protenstard absolute quantification (PSAQ) strategy
uses isotope labelled intact proteins. Providindtiple peptide standards for target protein,
PSAQ provides also higher efficacy. Production €aétprotein standards are limiting factors for
a wide application of this strategy. However, ¢ede systems for protein synthesis now offer a

way to reduce them (Madono, 2011). High-throughgystem for synthesis of protein standards
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for quantification of highly hydrophobic transmerabe proteins was also developed (Takemori,
2015). Nevertheless, problems with synthesis ofgmostandards containing particular PTMs

are still present.

When introduced, S/IMRM acquisition technique oftetkee highest sensitivity, a wide dynamic
range, and the high selectivity, highest reprodliband precision that are necessary for
absolute quantification. Quantitative informatiom $RM is given by the intensity of the

fragment ion of targeted transition. Nowadays, maiablems with SRM are the number of
proteins that can be simultaneously monitored a&hectvity due to the resolution of QqQ mass
spectrometers. The attempt to increase the nunfbgroteins quantified by SRM requires the
sacrifice of some selectivity or sensitivity. Traid@ion of a third stage of mass filtering to MRM

with multiple reaction monitoring cubed (MRM method on a hybrid QgQ/LIT mass

spectrometer (Fortin, 2009) increased the discation of interferences compared to regular
S/MRM and limit of quantification. Increased seleity with MRM? has as a consequence a
lower number of proteins that can be simultaneoasiglysed, since a part of the available

cycling time was sacrificed to a third stage of sngering (Gallien, 2013).

In order to increase the number of absolutely dfiedt proteins, relative and absolute
guantification strategies were combined. In one lmoation, a small group of specially selected
proteins was quantified using AQUA SRM. These angiioteins are used as further calibration
points for translating relative abundance measunésn@to absolute abundance measurements,
for a large part of the proteome (Malmstrém, 2009).

Strategies for absolute quantification can be comdbiwith SILAC for absolute quantification of
individual proteins in complex mixtures. As a reésudhbsolute SILAC” (Hanke, 2008) and

PreST SILAC (Zeiler, 2012) were developed.
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Absolute quantification may be performed by usesobaric and non-isobaric mass tags, if
peptide standards are used as one, or more, ckanreemultiplexed analysis.

High resolution of the hybrid quadruple-Orbitrapsaapectrometer enabled development of an
approach called parallel reaction monitoring (PREgllien, 2013). PRM uses a 2-24 Th wide
isolation windows on a quadruple for selecting iofts fragmentation and recording
fragmentation products in the Orbitrap mass analydigh resolution of OT increases selectivity
by separating ions of interest from interferencesding to partially improved quantification
performance compared to SRM (Gallien, 2014a; Ggl®13). By use of internal standards and
the on-the-fly adjustment of acquisition parametirs possible to organize acquisition time in
PRM and quantify 600-1000 peptides in complex sasmph ~1-h (Bourmaud, 2016; Gallien,

2015).

6.4. Data independent acquisition in quantitative high-throughput proteomics

The problem with precursor ion isolation window thidhat is required to ensure sufficient
sensitivity in mass spectrometers (Michalski, 20makes that MS/MS spectra, that are obtained
when samples of high complexity analysed, is aljtwamixture (“chimera”) spectra due to the
co-isolation of all ions (originating from co-eldtepeptides in the previous LC or capillary
electrophoretic separation) falling within the massation windows width (Luethy, 2008). This
problem with selectivity may cause difficulties tine following peptide identification since it
may increase the complexity of MS/MS spectra (HoR@l0). Additionally, if fragments of co-
isolated ions are similar to the fragments of tledected peptide they will also impair
guantification accuracy, and this problem is morenpunced if mass spectrometers with low

resolution are used. The level of interference tneates depends on abundances of analysed
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peptides. Taking in to account these facts, DIA @sakn attempt to take advantage of these
facts.

The DIA provide the possibility to overcome limitats of SIMRM and PRM in absolute
guantification. The use of this acquisition techugigsubstantially increases the number of
proteins that can be simultaneously quantifiedinitplifies the experimental design and provides
a flexible post acquisition data analysis. Ext@ctiof quantitative information from data
acquired with DIA (DIA fragment ion maps) can befpamed with a targeted or an untargeted
approach (Egertson, 2015; Li, 2015; Rést, 2014¢,T2015; Tsou, 2015).

In targeted extractionpéptide-centric matching approdchkpectral libraries are used to
mine DIA fragment ion maps for constellations @fsils that precisely correlate with the known
coordinates of a targeted peptide, thus uniquedntif/ing the peptide in the map. Coordinates
that spectral libraries contain are: retention tinfermation and, reference MS/MS spectra with
relative intensities of ions (Egertson, 2015; Gjll2012; Rosenberger, 2014). Retention time
normalization has to be performed for each run @licg to reference peptides, in order to
enable a comparison of the analysed sample anddpédpirary (Escher, 2012; Parker, 2015;
Rost, 2014). This allows for acquired data to balysed in the same way as by SRM by targeted
data extraction of transitions of interest (Egenis®015; Gillet, 2012; Parker, 2015). Available
software types for peptide-centric matching arerfOP&/ATH, Skyline, Spectronaut, PeakView,
and SwathProphet. DIA permits quantification of (aast) as many compounds as those
typically identified by regular shotgun proteomiggh the accuracy and reproducibility of SRM
across many samples (Gillet, 2012). Generatiorpettsal libraries is a current limitation of the
targeted data extraction approach. The problem eatlerage and the quality of spectral libraries

is particularly pronounced with new food sampled aomplex food samples containing new
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proteins, their isoforms and proteoforms, especitose proteoforms generated upon food
processing. Therefore, targeted data processirmpraplex food samples is currently restricted
and has to be combined with other approaches, asidierative data mining based on theoretical
knowledge to account for previously undetectedenst (Bilbao, 2015; Gillet, 2012). However,
once developed, spectral libraries for a partictdad sample will be permanently available.

In untargeted data extraction (spectrum-centricchmag approach), real time correlation,
based on the retention time between the MS sigpe¢c@rsors) and the MS/MS signal
(fragments), is performed (Ting, 2015; Tsou, 201B)that way, the established relationship
between the precursor and corresponding fragmemébles searching and matching with
sequence databases in the same way as DDA spé&sffarent software is available for

spectrum-centric matching (PLGS, DIA-Umpire, MSPiDTA, Group-DIA).

The SWATH MS is a combination of DIA and targeteatadanalysis, developed on a QqTOF
mass spectrometer, which vastly extends the nurobesroteins that can be quantified in
complex sample (Gillet, 2012). The size of the damgpwindow for precursor ions in SWATH
MS is 25(+1) Th. Recently, attempts were made fosadhe sampling window size to the
density of precursors across the mass range im twdiecrease selectivity, depth of coverage and
data quality. Using SWATH MS, 2500 proteins of yteasre quantified in a 3-h LC-MS/MS run
with reproducibility, precision and accuracy congide to S/MRM (Selevsek, 2015). The same
analysis with S/IMRM would take 48-h. The SWATH M&nbnstrates high sensitivity (detected

>300 proteins more than Western blot) (Selevsek520

6.5. Selection of quantification strategy, quality control and validation
Many different MS-based quantification approachesendeveloped. There is no ‘one-size-fits-
all' proteomic strategy that can be used to addedksdiological questions (Mallick, 2010).
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Consequently, an adequate choice of quantitatiyeoagh is important for the success of an
MS-based proteomic analysis. In order to make treect choice it is necessary to be well
versed in the technology and know the limitationd ¢he advantages of MS-based approaches
(Domon, 2010; Mallick, 2010). Moreover, the selestshould consider factors such as the type
of sample (source and complexity), the number ofm@es, necessary accuracy and
reproducibility, available personnel and equipmeant] finally, both the available time and total
costs.

Quality control is an integral part of high-thropghh MS-based proteomic experiments.
Inadequate validation or absence of any validatvas blamed for wrong conclusions of many
high-throughput proteomic studies (Mitchell, 201@nd in combination with problems in
reproducibility, that were caused by reckless anudrirect application of this technology, it also
was a source of scepticism towards proteomics @Edit 2008; Nilsson, 2010b). The main
sources of these irregularities are sample prapatatample handling, data analysis and data
evaluation (Nilsson, 2010b). When these tasks iardati between different professions, without
consultation and coordination with specialist folSMased proteomics who best know the
limitations and pitfalls of the technology, and wétwould also take care about all quality control
steps and provide practical instructions about datierpretation, they can become a serious
source of problems (Bell, 2009; Nilsson, 2010b)nssmuently, successful proteomic analysis
should be performed in a systematic, accurate gmaducible manner.

Antibody-based techniques are standards for thdatan of MS-based proteomic experiments
(radioimmunoassay, immunoblot, ELISA, immunofluaesce etc.). Moreover, validation can
be performed with other methods such @ago-electron tomography or morphological

measurements at the single-cell level (Malmstrod09). However, high sensitivity and
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selectivity of SRM make this technique knowas “the mass spectrometrist's ELISA”
(Aebersold, 2013; Picotti, 2013). The advantagée $RM offers over antibody-based techniques
is a fast and cost-effective assay development.m&@ problems with commercially available
antibodies are that they may not work effectivelytimat they are not available for a particular
protein of interest. The complex nature of protaimd food matrix modifications may evoke
cross-reactivity or reduced affinity in antibodysked techniques. Both can lead to an over- or
under-estimation of a particular protein (Koeb2€l14). Moreover, different protein isoforms, as
well as proteoforms cannot be easily distinguishgduse of antibodies (Picotti, 2013). MS-
based quantification provides a possibility to klksh metrological traceability which enables a
meaningful comparison of results among laborat@aasss the globe (Cryar, 2013; Smit, 2014).
All of the mentioned advantages of SRM lead to@ppsal for the validation of antibody based
techniques with SRM (Aebersold, 2013; Nilsson, 2018nd the SRM approach is now also in

use for the validation of orthogonal proteomic ayghes (Selevsek, 2015).

7. Recent technical developmentsimportant for M S-based proteomics

The quality and reliability of qualitative and quigative information obtained from a sample in
MS-based proteomics, are particularly influenced tbg skill of the analyst, the sample
preparation procedure, selected MS technique apobaph, the type of mass spectrometer used,
and data analysis (Mitchell, 2010). MS-based pmoies are still driven by advances in both
chromatographic and MS technology (Helm, 2014).hEigears ago, two main properties of
mass spectrometers, sequencing speed (cycling-timember of spectra per second (Hz)) and
ion current (efficiency of ionisation and ion tramssion to detector) were seen as main limiting

parameters for the development of shotgun bottonprapeomics (Michalski, 2011; Mitchell,
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2010). Since then, different technical improvemetdskling these two parameters were

commercialized within new LC-MS/MS systems.

The mostly employed LC-MS/MS system in shotgun gwatics is nanoESI-LTQ-Orbitrap.
During the last five years, the commercial hybri@l S has doubled its speed and increased its
resolution. Currently, tribrid OT mass spectromgt@chieve 20 Hz with ultra-high resolution of
500,000 (at 200 m/z) and accuracy better than 1lppowever, the amount of ions that can be
trapped in OT is still a limiting factor for achieg higher dynamic range (Aebersold, 2016).
While commercial QqTOF systems can achieve scarspegd of 100 Hz, their resolution is for
an order of value lower, with accuracy up to 1pphass spectra obtained on QqTOF under such
high speed usually do not contain a sufficient nembf fragment ions to enable productive
peptide identification (Helm, 2014; Meier, 2016)owkver, in recent years, the number of
improvements in technology (improved collision celithogonal accelerator scheme, reflectron,
and detector) made QQTOF resolution and accuracypatble with shotgun bottom-up
proteomics (Beck, 2015). Both high resolution anghtspeed are advantageous properties, but
at the current technical level, their combinationai single mass spectrometer is still reversely
proportional. High resolution and high accuracy aideantageous properties crucial for shotgun,
while sequencing speed and the amount of usable &e very important for targeted

proteomics.

Development of ion mobility spectrometry (IMS) iotiuced an additional dimension of
separation to the standard m/z scans. IMS sepamtdsased on their size and shape (size of
collisional cross section). lon separation by IMSast (~100Hz) (Helm, 2014). Incorporation of
IMS in a QQqTOF, after the collision cell, provid&S systems which have an improved duty

cycle, therefore, improved sensitivity, up to 10dfoConsequently, faster data acquisition
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improved peptide identification and quantificatio(Distler, 2016; Helm, 2014). Recently, a
trapped ion mobility spectrometry (TIMS) device wasorporated in a QqTOF before the first
guadruple (Meier, 2016). Synchronization of thedjuale with TIMS enables the accumulation
and “elution” of accumulated ions, while quantitica capacity is preserved. This can result in a
better signal-to-noise ratio and provides additigeparation of precursor ions, which minimizes
the problem with precursor ion isolatiovide supra). The application of method called Parallel
accumulation - serial fragmentation on TIMS-QqTOB Blystem increased MS/MS scan speed

12-20x without losing sensitivity, providing a 16k gain in shotgun proteomics (Meier, 2016).
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Figure captions

Fig. 1. Contribution of proteomics to foodomics.

Fig. 2. Current MS-based proteomic workflow, frome first step — material sampling to the last
step — data analysis. Different sample preparagéehniques can be combined with different
MS-based proteomic approaches, as it is depicteariops, in order to design a method for a

particular analytical problem.

Fig. 3. Techniques for acquisition of mass speattagh-throughput bottom-up proteomics.
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PSAQ e(lﬁ:?netl:llg?rt:%r;ggn;g;d Bovine Milk aS1-Casein in Baked Goods Using an Intact 15N-Labele
9 | Protein Internal Standardournal of Agricultural and Food Chemistry,
samples 61, 5659-5668.




Table 2.

Some examples of physical and chemical changes, introduced during food processing, food
storage and sample preparation, of particular concern for MS based proteomic identification and
guantification of food proteins or their proteoforms

- denaturation
- aggregation
- reduction of protein solubility in water due to structural changes of food matrix
- physical separation and removal of proteins
- unspecific and partial hydrolysis
- partial deglycosylation
- phosphorylation and dephosphorylation
- degradation of other PTMs
- activation or inactivation of enzymes
- reduction of disulfide bonds, or their formation
- formylation, methylation, acetylation (N-terminal amino acid, Lys)
- chemical reactions between proteins and different constituents of food matrix
- modification of proteins (on: Cys, His, Lys, Met, Phe, Trp, Tyr) with reactive molecular
species (reactive oxygen species, reactive nitrogen species, reactive carbonyl species, reactive
sulphur species)
- carbonylation (Arg, Lys, Pro, Thr)
- oxidation (most frequently of Met, Cys, Phe, His, Pro, Trp, Tyr)
- hydroxylation (Val, Phe, Trp, Leu)
- nitration (Trp, Phe, His, Tyr)
- nitrozylation (Tyr, )
- modification of proteins (on: Cys, His, Lys, Arg, GIn, Asn) by lipoxidation products
- glycation of proteins (usually on Lys) with reducing sugars (Maillard reaction)
- formation of acrylamide from Asn and its subsequent interaction with proteins
- crosslinking (oligomerization and polymerization)
- isomerization and racemization (Asp->iS0Asp, L-Pro->D-Pro and other amino acids)
- degradation of amino acids (most frequently deamidation of Asn->Asp and GIn-> Glu)
- carbamylation by urea (N-terminal amino acid)
- formation of dehydro and cross-linked amino acids such as dehydroal anine,
methyl dehydroalanine, beta-aminoalanine, lysinoalanine, ornithinoalanine, histidinoalanine,
phenylethylaminoal anine, lanthionine, and methyl-lanthionine




Table. 3.

Different data independent acquisition (DIA) setups

DIA setup MS system  Reference
Multiplexed ESI-FT-ICR Masselon, C., Anderson, G. A., HarkewiRz Bruce, J. E.,

MSMS PasSa-Toli, L., & Smith, R. D. (2000). Accurate Mass

Multiplexed Tandem Mass Spectrometry for High-
Throughput Polypeptide Identification from Mixtures
Analytical Chemistry, 72, 1918-1924.

Shotgun CID  pLC-pESI-  Purvine, S., Eppel, J. T., Yi, E. C., & Goodlett,® (2003).

(Shotgun TOF Shotgun collision-induced dissociation of peptidesg a

collision-induced WLC-puESI - time of flight mass analyzeProteomics, 3, 847-850.
dissociation) QIT
MLC-pESI -
QqTOF
Original DIA  pLC-pESI - Venable, J. D., Dong, M. Q., Wohlschlegel, J.,iDjlA., &
LTQ Yates lll, J. R. (2004). Automated approach forrgitative
analysis of complex peptide mixtures from tandenssna
spectraNature Methods, 1, 39-45.

MS MLC-pESI-  Silva, J. C., Denny, R., Dorschel, C. A., Gorenst#d., Kass,
High I.J., Li, G. Z., McKenna, T., Nold, M. J., Richaah, K.,
resolution  Young, P., & Geromanos, S. (2005). Quantitativagmmic
QQqTOF analysis by accurate mass retention time pAnalytical

chemistry, 77, 2187-2200.
p’CID ESI-QQTOF Ramos, A. A,, Yang, H., Rosen, L. E., &Y X. D. (2006).

(paralle Tandem parallel fragmentation of peptides for mass

collision- spectrometryAnalytical Chemistry, 78, 6391-6397.

induced-
dissociation)

AlF nLC-nESI-  Geiger, T., Cox, J., & Mann, M. (2010). Proteonacsan

(All'ion Q-OT Orbitrap benchtop mass spectrometer using all-ion
fragmentation) (Exactive) fragmentationMolecular & Cellular Proteomics, 9, 2252—
2261.
XDIA ESI-LTQ- Carvalho, P. C., Han, X., Xu, T., Cociorva, D.,@Earia
oT Carvalho, M., Barbosy¥,. C., & Yates, lll, J. R. (2010).
XDIA: improving on the label-free data-independanalysis.
Bioinformatics, 26, 847—848.

PaCIFIC nLC-nESI-  Panchaud, A., Jung, S., Shaffer, S. A., Aitchisom., &
(Precursor LTQ Goodlett, D. R. (2011). Faster, quantitative, accLigate
acquisition nLC-nESI-  precursor acquisition independent from ion coAnalytical
independent LTQ-OT chemistry, 83, 2250-2257.

fromion count) (XL)
MXS nLC-nESI-  Egertson, J. E., Kuehn, A., Merrihew, G. E., Batept W.,
(multiplexing  Q-OT MacLean, B. X., Ting, Y. S., Canterbury, J. D., BtarD. M.,
strategy DIA)  (Exactive)  Kellmann, M., Zabrouskov, V., Wu, C. C., & MacCphk J.

(2011). Multiplexed MS/MS for improved data-indedent
acquisition.Nature Methods, 10, 744-746.



FT-ARM
(Fourier
transformation
all ion
monitoring)
SWATH-MS
(sequential
windowed
acquisition of all
theoretical
fragment ion
mass spectra)
HDMS"
(High definition
MSY)

UDMS®
(Ultra-high
definition MS")

WiSIMDIA
(wide selected-
ion monitoring

DIA)

CSl PaCIFIC
(captive spray
ionization
PaCIFIC)
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resolution
QqTOF
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Q-TWIMS-
TOF
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Q-LIT-OT
(Fusion,
Fusion
Lumos)
nLC-nESI-
CSI-LTQ-
oT

Weisbrod, C. R., Eng, J. K., Hoopmann, M. R., BaKer&
Bruce, J. E. (2012). Accurate peptide fragment raasdysis:
Multiplexed peptide identification and quantificati Journal
of Proteome Research, 11, 1621-1632.

Gillet, L. C., Navarro, P., Tate, S., Rost, H.,évskk, N.,
Reiter, L., Ron Bonner, R., & Aebersold, R. (20IRjrgeted
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Accurate Proteome AnalysiSlolecular & Cellular
Proteomics, doi: 10.1074/mcp.0111.016717.

Shliaha, P. V., Bond, N. J., Gatto, L., & Lilley, K. (2013).
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Proteome Research, 12, 2323-2339.
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Tenzer, S. (2014). Drift time-specific collisionezgies enable
deep-coverage data-independent acquisition protsomi
Nature Methods, 11, 167-170.

Kiyonami, R., Patel, B., Senko, M., Zabrouskov, Egertson,
J., Ting, S., MacCoss, M., Rogers, J., & Hihmer-AR.
(2014). Large Scale Targeted Protein Quantificatismg
WIiSIM-DIA on an Orbitrap Fusion Tribrid Mass
Spectrometer. Thermo Scientific Application Not&®60
Chapman, J. D., Edgar, J. S., Goodlett, D. R., &Go, Y.
(2016). Use of captive spray ionization to incre@seughput
of the data-independent acquisition technique PIRIRapid
Communications in Mass Spectrometry, 30, 1101-1107.




Table 4. MS-based proteomic approaches and steatégi quantification of individual proteins ancf@ome.

Relative
quantification

Ahrné, E., Molzahn, L., Glatter, T., Schmidt, A. (2013). Critical assessmen

Area under proteome-wide label-free absolute abundance estimstrategies.
the curve Proteomics, 13, 2567-2578.
MS scan Neilson, K. A, Ali, N. A, Muralidharan, S., Mireg M., Mariani, M., Assadourian,
G., Lee, A, van Sluyter, S. C., & Haynes, P. A12). Less label, more
LFQ level Signal free: approaches in label-free quantitative masstspmetryProteomics,
(Label free intensity 11, 535-553.
quantification) measurement Dowle, A., A., Wilson, J., & Thomas, J. R. (2016pmparing the Diagnostic
Classification Accuracy of iTRAQ, Peak-Area, Spakttounting, and
MS/MS emPAl Methods for Relative Quantification in Exmies Proteomics.
Spectral Journal of Proteome Research, 15, 3550-3562.
scan counting Arike, L., & Peil, L. (2014). Spectral Counting LelbFree Proteomicddethodsin
level Molecular Biology, 1156, 213-222.
Ong, S. E., Blagoev, B., Kratchmarova, |., KrisemsD. B., Steen, H., Pandey, .
SILAC & Mann, M. (2002). Stable isotope labeling by améamids in cell culture,
(Stable isotope labeling SILAC, as a simple and accurate approach to exprepsoteomics.
with amino acids in cell Molecular & Cellular Proteomics, 1, 376-386.
culture) Mann, M. (2014). Fifteen Years of Stable Isotopédlang by Amino Acids in Cell
Culture (SILAC).Methodsin Molecular Biology, 1188, 1-7.
Kruger, M., Moser, M., Ussar, S., Thievessen, Wbér, C. A., Forner, F., Schmit
S., Zanivan, S., Fassler, R., & Mann, M. (2008).A8 mouse for
guantitative proteomics uncovers kindlin-3 as aeasal factor for red
. blood cell functionCdll, 134, 353-364.
Igl\/ll\AOMSILAC Zanivan, S., Meves, A., Behrendt, K., Schoof, E. Neilson, L. J., Cox, J., Tang,
Label-based _ ( ) H. R., Kalna, G., van Ree, J. H., van Deursen,.JTmpus, C. S.,
quant Metabolic Machesky, L. M., Linding, R., Wickstrom, S. A., B, R., & Mann, M.

(2013). In Vivo SILAC-Based Proteomics Reveals Phaproteome
Changes during Mouse Skin Carcinogend3iH. Reports, 3, 552-566.

Lewandowska, D., ten Have, S., Hodge, K., Tillem&sLamond, A. I., &
Brown, J. W. S. (2013). Plant SILAC: Stable-Isotdjaelling with Amino
Acids of Arabidopsis Seedlings for Quantitative teamics.PLOS One,
Plant SILAC doi: 10.137Y/journal.pone.0072207
Matthes, A., Kéhl, K., & Schulze, W. X. (2014). 3{C and Alternatives in
Studying Cellular Proteomes of Plar4ethods in Molecular Biology,
1188, 65-83.

Geiger, T., Cox, J., Ostasiewicz, P., WisniewskR.J & Mann, M. (2010). Sup-
Super SILAC SILACmix for quantitative proteomics of human tuntissue Nature
Methods, 7, 383-385.




Shenoy, A., & Geiger, T. (2015). Su-SILAC: current trends and futu
perspectivesExpert Review of Proteomics, 12, 13-19.

Spike-in SILAC

Geiger, T., Wisniewski, J. R., Cox, J., Zanivan,iKuger, M., Ishihama, Y., ¢
Mann, M. (2011). Use of stable isotope labelingabyino acids in cell
culture as a spike-in standard in quantitativegwotics Nature Protocols,
6, 147-157.

Chemical

TMT /
iTRAQ

Christoforou, A., & Lilley, K. S. (2011). Tamingéhsobaric tagging elephant in t
room in quantitative proteomicslature Methods, 8, 911-913.

Isobaric
Other

Rauniyar, N., ¢ Yateslll, J. R. (2014). Isobaric Label-Based Relativ:
Quantification in Shotgun Proteomidaurnal of Proteome Research, 13,
5293-5309.

Dimethyl
labeling

Boersema, P. J., Raijmakers, R., Lemeer, S., Motain®, & Heck, A. J. F
(2009). Multiplex peptide stable ismtadimethyl labeling for quantitative
proteomicdNature Protocols, 4, 484-494.

Lau, H. T., Suh, H. W., Golkowski, M., & Ong, S.®014). Comparing SILAC-
and Stable Isotope Dimethyl-Labelingpfoaches for Quantitative
Proteomicdournal of Proteome Research, 13, 4164-4174.

Non-
isobaric

MTRAQ

DeSouza, L. V., Taylor, A. M., Li, W., Minkoff, MS., Romaschin, A. D., Colga
T. J., & Siu, K. W. (2008). Multiple Reaction Moaitng of mMTRAQ-
Labeled Peptides Enables Absolute QuantificatioBrafogenous Levels of
a Potential Cancer Marker in Cancerous and NormebEBnetrial Tissues.
Journal of Proteome Research, 7, 3525-3534.

Oppermann, F. S., Klammer, M., Bobe, C., Cox, dhadb, C., Tebbe, A., & Daub,
H. (2013). Comparison of SILAC and mTRAQ Quantifioa for
Phosphoproteomics on a Quadrupole Orbitrap Masst®peeter.Journal
of Proteome Research, 12, 4089-4100.

Enzymatic

Proteolytic labeling
with **0

Hajkova, D., Sekhar Rao, K. C., & Miyagi, M. (201Recent Technologici
Developments in Proteolytf© Labeling Current Proteomics, 8, 39-46.

Absolute
guantification

Spike-in of isotope-
labeled standards

AQUA
(Absolute
guantification)

Gerber, S. A., Rush, J., Stemman, O., KirschneMM.& Gygi, S. P. (2003
Absolute quantification of proteins and phosphogirat from cell lysates
by tandem MSProceedings of the National Academy of Sciences, 100,
6940-6945.

QconCAT
(Quantification concata-
mer)

Beynon, R. J., Doherty, M. K., Pratt, J. M., & GakkS. J. (2005). Multiplexe
absolute quantification in proteomics using arn@#fi€CAT proteins of
concatenated signature peptiddature Methods, 2, 587-589.

PSAQ
(Protein standard for
absolute quantification)

Brun, V., Dupuis, A., Adrait, A., Marcellin, M., Tdmas, D., Court, M.
Vandenesch, F., & Garin, J. (2007). Isotope-labpletein standards:
toward absolute quantitative proteomiktolecular & Celular Proteomics,
6, 2139-2149.




High-throughput proteomics
identification and quantification of proteins

Protein primary structure
protein sequence
structure of proteoforms, PTMs

Conformational proteomics
protein tertiary structure
protein dynamics

PHOSPHOPROTEOMICS

TRANSCRIPTOMICS

PROTEOMICS
Chemical proteomics

protein catalytic activity
GLYCOPROTEOMICS small molecule — protein interactions

Protein-protein interactions
and structure of protein
macromolecular assembles

METABOLOMICS PEPTIDOMICS

Protein localization




Homogenization, protein extraction and/or solubilisation

Sampling and sample handling:
Biopsy
Laser-capture microdissection
Cell sorting (FACS)
Gradient centrifugation
Free-flow electrophoresis

Protein fractionation

Protein depletion

Protein enrichment

Gel-based proteomics *

Liquid chormatography (LC)
Size exclusion (SEC)

Native PAGE (polyacrylamide gel
electrophoresis)

SDS-PAGE (Sodium dodecylsuplhate)

Isoelectric focusing (IEF)

ALS-PAGE (Acid labile surfactant)

Strong cation exchange (SCX)
Anion exchange (AXC)
Hydrophobic interaction
Hydrophilic interaction (HILIC)
Reversed phase (RP)

Immobilized metal affinity (IMAC)

Capillary electrophoresis (CE)

Capillary isoelectricfocusing (CIEF)

Affinity

Immunoprecipitation

Combinatorial peptide
ligand libraries (CPLL)

depletion

Affinity chromatogrphy (AC)
Affinity capture
Chemical capture

i

2D-PAGE
\l/ ﬂ Electroelution

7\

BOTTOM-UP
PROTEOMICS

Proteolysis:

Trypsin or alternative specific proteases or chemical

Deglycosylated

{

hosphopeptide enrichment:

Enrichment:

Proteins

GLYCOPROTEOMICS

GLYCOMICS

TOP-DOWN
PROTEOMICS

Enrichment:

Release of glycans:

TiO, / ZrO, Affinity capture Affinity capture Enzymatic
IMAC, Indium tin-oxide, COFRADIC Chemical capture Chemical
Hydroxyapatite chromatogr. J, |
/ ¢
PHOSPHOPEPTIDES ||SELECTED PEPTIDES GLYCOPEPTIDES GLYCANS
Modification :
Chemical
Enzymatic
v v ¥ Modif. GLYCANS
Peptide fractionation: Glycan fractionation:
1D or 2D LC (RP, SCX, AXC, HILIC, IMAC), CE LC (PGC, HILIC), CE
| ] ] ] ]
Mass spectrometry
lonization (ESI, nanoESlI, Native ESI, MALDI)

MS scan (Q, QIT, LIT, TOF, OT, FT-ICR)
Fragmentation of ions (CID, HCD, ETD, ECD, EThcD, IRMPD, UVPD, PSD, ISD)
MS/MS scan (QqQ, QIT, LIT, QqTOF, TOF-TOF, Q-OT, LIT-OT, Q-FTICR, LIT-FTICR) or MS" scan (QIT, LIT, LIT-OT, LIT-FTICR, FTICR)

Ultra-high resolution

mass analysers
(FTICR, OT)

|

! !

Data analysis

Peptide identification (spectrum centric, peptide centric, manual de novo sequencing)
Protein and proteoform identification

Quantification

!

" i

Data analysis
Glycan identification

Quantification

Data analysis
Proteoform identification
Quantification




ELECTROSPRAY IONIZATION

MASS ANALYSERS

QIT, LIT, QqTOF, Q-OT, LIT-OT, Q-LIT-OT, Q-FTICR, LIT-FTICR

QaqQ

~=>/
DATA DEPENDENT DATA INDEPENDENT TARGETED DATA
ACQUISITION ACQUISITION ACQUISITION
(DDA) (DIA)
Top “n” Different DIA setups are listed in SRM / MRM, PRM
(n <20) Table 2
RAW DATA RAW DATA RAW DATA

v

—=

UNTARGETED DATA EXTRACTION
SPECTRUM CENTIRC MATCHING APPROACH

"~

TARGETED DATA EXTRACTION
PEPTIDE CENTRIC MATCHING APPROACH

IDENTIFIED and QUANTIFIED IDENTIFIED and QUANTIFIED
PEPTIDES PEPTIDES




Highlights:

Mass spectrometry based proteomics, as one of the four main sources of datain
foodomics, are presented.

M S-based proteomic approaches applicable in food research, quality and safety control
are described.

Improvements in sample preparation and in the technology of mass spectrometers are
presented.

Critical pointsfor application of M S-based proteomics in food analysis are described.
Continuously growing capabilities of MS-based proteomics and future directions are

discussed.



