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SUMMARY

Lipids play various roles in cells, e.g. membrane building, energy storage and signalling.
A distinctive class of lipids, important for bioactive signalling, consists of oxylipins.
Oxylipins are formed bypxidationof polyunsaturateéatty acids which inurn might have

been released from more complex lipids by the enzymatic activity of phospholipases.
Lipids including oxylipins play a major role in platelet activation. Analysis of a changing
platelet lipidome during their activation allows researchers#onl about biochemical
pathwaysassociate with this process and to select new therapeutic targets for novel drugs
against diseases, in which platelets are involved.

The last decades have brought unprecedented technological innovations in analytical
chemistry including separation science (e.g. highfjcient sub2 pm particles for
stationary phases, capillary columns for liquid chromatography (LC) and novel chiral
materials) and mass spectrometry (MS) (e.g. high resolution instrument, increased
sensitivity, novel analytical strategies like untargepedfiling with sequential window
acquisition of all theoretical fragment ion mass spectra (SWATH)). The inventions have
enabl ed the exponenti al galsolipidomicsi n vari ous

In my first projecta combined targetedntargeted LEMS/MS method was developed for

the analysis of oxylipins and fatty acids in platelet releasates. The MS data was acquired
with the SWATH approach and the acquisition windows were optimized to ensure wide
coverage of analytes and to provide high sensitivitylamndlimits of detection for the 3
targeted compounds: thromboxane B2 (TXB2xhy@roxy-5Z,8E,10E-heptadecatrienoic

acid (HHT) and 1Zeto-5Z,8E,10E-heptadecatrienoic acid (KHT)n this context a
general synthesis method for ketnalogues of hydroxy fiy acidsin presence of double
bondswas proposedor the preparation of standardéhe sample analysis revealed that
activated platelets release high amounts of TXB2, HHT and KHT: in average 13, 15 and
0.6 attomoles per platelet, respectively. Furtheenamtargeted analysis showed a
significantly increased release in other oxylipins upon the activation, but also in
polyunsaturated fatty acids (PUFA).drk is less awarenesstbérelease of a broad range

of biologically active oxylipins and PUFAuring platelet activatiorand the biological
implicatiors are not fully understocat the moment.

My second study involved the development of a new LC method for oxylipin separation
with a capillary column (inner diameter equal to 0.5 mm). Scheddedtedreaction

monitoring (SRM) for MS/MS detection provided high sensitivity, accuracy and precision

Vii



for quantification of 42 oxylipins. Thirteen internal standards were spread across the LC
separation and used for normalization of analyte sighddseover various extraction
protocols and calibration methods were compared. The Bond Elut Certify ridgast
(mixed-mode reverseebhaséanionexchange materialjor solid phase extraction and
external matrixmatched calibrants were used in the final method. The method was
validated with concentrated plasma, which was an easily available, but challenging
biological matrix. The final analysis detected 19 oxylipins in resting platelets.

The third analytical method, whiclwvasdevelopedn this work utilized a modern chiral

LC column for enantiomeric separation of oxylipins. The method showedtatanding

peak resolution and great sensitivity provided by SRM MS/MS detection. Nineteen
enantiomeric pairs and one diastereomeric pair of hydroxy fatty acids were quantified in
on air autoxidized PUFA and in platelet releasates. The autoxidized saoplamed, as
expected, racemic mixtures, but the single enantiomers were mostly detected in platelet
samples with 1Z)-hydroxyeicosatetraenoic (1R(HETE) being the highest abundant
oxylipin in the thrombin activated samplésh interesting observatiomas made about 12
hydroxyeicosatrienoic acid (A2ETrE), which seems to be synthetiza platelets via 2
different enzymatic reactions.

Parallel to the more specific methods, described above, sets of platsietanalysed with

a reversegphase LEMS/MS method for the general lipid analysis. The sets included
platelets treatedn-vitro with a selective CXCR7 receptor agonisitreated control,
thrombinactivated platelets as well as CXCRBgonist/thrombiractivated plateletsand

the untargeted SWATH ¢tk acquisition was utilized for lipid profiling. What is more, a
novel approach for postcquisition data processify targeted feature extraction on MS1
and MS2 leveincluding improved peak picking, lipid identification and quantification was
developedand it provided higher assay specificity then conventional methods. The lipid
identification was supported by the characteristic elution pattern in revehsseé LC and
guantification was done mostly using extracted ion chromatograms (EIC) of fragments
from SWATH. The final results of platelet lipidomes showed that changes typical for
platelet activation (e.g. increase in the concentration of oxylipins and
lysophosphatidylinositols) were highly supressed in the samples, where the CXCR7
agonist was added.h@t means that the agonist is capable of reducing platelet activation.
On the other hand, the agonist itself also influenced the platelet lipidome, as it showed
increased level of acylcarnitines and decrease in diglycerides, when compared to resting
platekts.
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ZUSAMMENFASSUNG

Lipide haben unterschiadhe Funktionen in biologischen Zellen, z.B. Membranaufbau,
Energiespeicherung und Signaltibertragung. Eine charakteristische Klasse von Lipiden, die
fur die bioaktive Signallibertragung wichtig ist, besteht aus Oxylipinen. Oxylipine werden
durch Oxidation vorFettsauren gebildet, die ihrerseits durch die enzymatische Aktivitat
von Phospholipasen aus komplexen Lipiden freigesetzt werden konnen. Lipide,
einschliel3lich der Oxylipine, spielen eine wichtige Rolle bei Aé&tivierung von
Thrombozyten. Forscher inggsieren sich nun fir das Lipidom in Thrombozyten und fur
dessen Anderung wahreritirer Aktivierung und wollen sodie an diesem Prozess
beteiligten biochemischen Wege kennenlernam schlie3lich neue therapeutische
Ansatze gegen Krankheiten zu findendamen Thrombozyten beteiligt sind.

Die letzten Jahrzehnte haben beispiellose technologische Innovationen in der analytischen
Chemie gebracht, wie in der Chromatographi® .(hocheffizientesub-2-pum-Partikel fur

stationdre PhaserKapillarsaulen fir die Flussigkeitschromatographie (LC), neuartige

chirale Materialien) oder in der Massenspektrometrie (M$. Massenspektrometer mit

erhohter Auflosung oder erhéhter Empfindlichkeit, neuartige Analysestrategien wie nicht
zielgerichtets Profiling mittels so genanmtdi s equent i al wi ndow acgq
t heoretical fragment -Datenerfassang Bieses peaecungera 06 (S
haben das exponentielle Wachstundénv e r s ¢ hi e d e Wissensénh@feriyie s fi

auch in der Lipidomik/orangetrieben.

In meinem ersten Projekt wurde eine kombinierte zielgerichtettBOMS-Methode zur
Analyse von Oxylipinen und Fettsauren entwickelt, uimd Zelliberstande von
Thrombozyten angewendet. Die MIaten wurden mit deSWATH- Datenerfassung
erfasst und die Methode dahingehend optimiert, eine breite Abdeckung der Analyten
sicherzustellen und die erforderliche Empfindlichkeit und niedrige Nachweisgrenzen fir
die 3 Zielverbindungen, Thromboxan B2 (TXB2), -Hgdroxy-5Z,8E,10E-
Heptadecatriensaure (HHT) und Xeto-5Z,8E,10E-Heptadecatriensaure (KHT), zu
gewahrleisten. Daruber hinaus wurde eine neue allgemeine Synthesemethode fur
Ketoanaloga von Hydroxyfettsduren beschrieben. Die Studie esgaliefilich dass
aktivierte Blutplattchen hohe Mengen an TXB2, HHT und KHT freisetzen:
durchschnittlich 13, 15 bzw. 0&tomol pro Blutplattchen. Dartber hinaus zeigte eine
nicht-zielgerichtete Analyse einen signifikanten Anstieg anderer Oxylipine und mehrfach
ungesattigter Fettsauren (PUFA)e bei der Aktivierung freigesetzt werden. Uber dieses
Phanomen ist bisher wenig bekannt und seine biologische Bedeutung ist noch nicht
vollstandig geklart.

Meine zweite Studie befasste sich mit der Entwicklung einer neueNétGode zur
Oxylipin-Trennung mit einer Kapillarsdule (Innendurchmesser gleich 0,5 1Bm)
genanntes/scheduled aected reaction monitoring (SRM-MS/MS) lieferte hohe
Empfindlichkeit, Genauigkeit und Prazision fur die Quantifizierung von 42 Oxylipinen. 13
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interne Standards wurden Uber die-L@nnung verteilt und zur Normalisierung der
Analyten verwendet. Darlber hinaus wurden verschiedeneakxbnsprotokolle und
Kalibrierungsmethoden verglichen. Die optimierte Methode verwendet Bond Elut Certify
lI-Kartuschen (mit Mixed-Mode reverseegphaséAnionenaustauscher Materialyur
Festphasenextraktion und externe matnxtched Kalibranten. Die Mete wurde mit
konzentriertem Plasma validiert, das eine leicht verfigbare, wenngleich herausfordernde
biologische Matrix war. Es konnten somit 19 Oxylipinenioht-aktiviertenBlutplattchen
nachgewiesen werden.

Die dritte, von mir entwickelte Analysemethedserwendete eine moderne chirale-LC
Saule zuEnantiomeretrennung von Oxylipinen. Das Verfahren zeigte eine hervorragende
Peakauflosung und eine hohe Empfindlichkeit, die durch die -M8YMS-Detektion
bereitgestellt wurden. Neunzehn Enantiomerenpaare eumdDiastereomerenpaar von
Hydroxyfettsduren wurden in an der Luft autoxidierten PUFA und in Zelliiberstadnden von
Thrombozyten quantifiziert. Die autoxidierten Proben enthielten erwartungsgeman
racemische Gemische, hiogegen die einzelnen Enantiomere meist den
Thrombozytenproben nachgewiesen wurden. Dabei war die 9-12(
Hydroxyeicosatetraensaure (SRHETE) das hdchst abundanteOxylipin in  den
Thrombinaktivierten Proben. Weitere interessante Beobachtungen wurdemligb&z
Hydroxyeicosatriensaure (42ETrE) gemacht, die offenbar Uber 2 verschiedene
enzymatische Reaktionen in Blutplattchen synthetisiert werden kann.

Parallel zu den oben beschriebengezieltenMethoden wurden Thrombozytengruppen
mit einer Umkehrphast+LC-MS/MS-Methode fir die allgemeinaicht-zielgerichtete
Lipidanalyse analysiert. Die Sets enthielten Thrombozyten, die in vitro mit einem
selektiven CXCR+7Rezeptoragonisten behandelt wurdeaben Kontrollen ohne diesem
Agonist, Gruppen mit Plattchemeddurch Thrombin aktiviert wurden sowie mit Thrombin
und CXCR7 Agonistund die nichizielgerichtete SWATFDatenerfassung wurde fuasl

Lipid Profiling verwendet. DarlUber hinaus wurde ein neuartiger Ansatz fur die
Datenverarbeitung nach d&WATH Datererfassung entwickelt, der ein verbessertes
PeakPicking, eine Lipididentifikation undipidquantifizierung umfasst und eine héhere
Spezifitdt als herkdbmmliche Methoden bietet. Die Lipididentifikation wurde durch ein
charakteristisches Elutionsmuster in UmlgtaseA.C unterstitzt, und die
Quantifizierung erfolgte hauptsachlich unter Verwendung extrahierter
lonenchromatogramme (EIC) von Fragmenten aus SWATH. Die Endergelutgsse
Thrombozytenlipidomen zeigten, dass Anderungen, die fir die Thrombozytenaktyvierun
typisch sind (z.B. Erhéhung der Konzentration von Oxylipin  und
Lysophosphatidylinositolypach Zugabe des CXCRYgonisten stark unterdriickt waren.
Dies bedeutet, dass der Agonist die Thrombozytenaktivierung reduzieren kann.
Andererseitsbeeinflusste der Agonist selbst auch das Thrombozytenlipidom, da er im
Vergleich zu ruhenden Thrombozyten einen erhdhten Acylcarnitinspiegel und eine
Abnahme der Diglyceride aufwies.
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IMS ion mobility spectrometry
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ITC ion transmission control
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INTRODUCTION

1. Introduction to lipids

Lipids are a diverse group of biomolecules, and because of their diversity, it is difficult to
create a simple, but meaningful definition ofi@d, one which would clearly define all
lipids, and at the same time easily distinguish them from molecules, which are not lipids.
The most general and simple descriptibat least excludingsays that lipids are organic

compounds insoluble in watercsoluble in nonpolar solven{d]

Another commonly accepted definitomf er s t o | i pid structure:

their derivatives, and substances related biosynthetically or functionally to these

compoUyzhds. 0

In 2003 an international consortium called Lipid Metabolites and Pathways Strategy
(LIPID MAPS) gathered experts in chemistry of lipids to unify lipid classification and
nomenclature, as well as to create a database and tools for lipid research. The lipid
definition used by LIPI D MAPS refers to
hydrophobic or amphipathic small molecules that may originate entirely orrirbya
carbanion based condensations of ketoacyl thioesters and/or by carbocation based
condensati ons [3 EIPIDMAPP reegniees 8 maintipsd.caiegories and

the condensation of thioesters leads toc#étegories fatty acyls, glyerlipids,
glycerophospholipids, sphingolipids, saccharolipids and polyketides, while condensation

of isoprene units creates lipid®fn 2categoriesprenol and sterol lipidgl, 5] (Figurel).

Lipids areessentiamolecules which create life together with proteins, nucleic acids and
saccharides. They play various roles in organisms: from structural function (building
membranes), through energy storage to signalling. A changing composition of lipids might
indicate aprogressive disease and therefore lipids might be used as biomarkers for health
status. The concept of o6lipidomicsd is to

comparison learn about a biochemical status of a cell or an organism.
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Figure 1. Lipid categoriesaccording to LIPID MAPSnumbering ofgroupsis kept as in
the original source)Al: Malonyl thioesteras the example of a thioester used in lipid
biosynthesisA2: acetyl and propionyl as the resulting building block8; examples of
lipids belonging to @roupsbiosynthesised bgondensations of ketoacyl thioestesd:
Dimethylallyl pyrophosphate as an example of a isoprene unit in lipid biosyntB@sis
isoprene as the resulting building bloclB3: examples of lipids belonging todtoups
biosynthesised byondensations of isoprene urig§

1.1Lipid short annotation

Each of 8 main lipi¢ategorieproposed by LIPID MAP8ividesfarther into lipid classes
and subclassesio simplify lipid reporing for large, comprehensivstudiesa short
annotation of lipids has been propo$éf It containsa short few letter codeolding the
information aboutthe head group, so abotie class to whichthis lipid belongsand

information about number of carbon atoms and double bonds in fatty acyl cretiesl
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showsthe letter code for lipids analysed in the studies desciibebis thesisand it
includeslipids from 5 main categoriesOther lipid categories were not analysed in my
studies.

Tablel. Lipid classes and subclasses analysed inrgssarch together with their short
annotation and names.

. . Class
Main categoty in Sub- Common name
LIPID MAPS Short — Name in LIPID MAPS  class
annotation
FA Fatty Acids - -
Fatty Acyls - i
ACar Fatty acylcarnitines - Acylcarnitines
MG Monoradylglycerolipids - Monoglycerides
Glycerolipids DG Diradylglycerolipids - Diglycerides
TG Triradylglycerolipids - Triglycerides
LPC Lysophosphatidylcholines
PC Glycerophosphocholines PC Phosphatidylcholines
ePC Etherphosphatidytholines
(O-PC or RPPC)
LPE Lysophosphe_ltldyl
ethanolamines
o Glycerophospho Phosphatidyl
Glycerophospholipids ~ PE S Biriree PE ethanolamines
ePE Etherphosphatidylethanol
amines (GPE or PPE)
o LPI Lysophosphatidylinositols
PI Glycerophosphoinositols o
Pl Phosphatidylinositols
. LPS Lysophosphatidylserines
PS Glycerophosphoserines i i
PS Phosphatidylserines
Cer Ceramides - -
Sphingolipids Various Glycosphingolipids HexCer Hexosylceramides
SM Sphingomyelins - -
Sterol Lipids CE Sterol esters - Cholesteryl esters

A cell lipidomedescribesll lipids contained iracell. It consists omany isobaric lipids,
which include(among otherspositional isomerse(g. the same fatty glcchains but
connected opposita thesnl and snpositiong, isomers with different positions of double
bonds,geometricisomers with differentis-trans configuration andstereocisomers with
different R-S configuration (Figure 2). These isobaric compoundsten possessery
similar physicochemical propertiesd ardaifficult to distinguish with the commonlkysed
analytical methods for lipidomic$éncorrect annotation and lipid reportieguld though
cause erroneous biological interpretatioof collected data.Conventional separation

methodgsee chapter 3 of this introduction) and detection techniques (see chapter 2 of this



introduction) cannot proude all structural information abowach lipid in an analysed
lipidome. Therefore,he aim of lipid researcherstis judge thdevel of structural details
obtained with theisedexperimental methofko-calledstructural resolutiopand to report
the detected lipids accordinglyather hanto completelycharacterizeevery single lipid

molecue. [6]

Number of double bonds m fatty acyl chain: 0 Head group: PC

Length of fatty acyl chain : 16 snl  sn3 /
0] /O
i

~o0
o \/\N‘/
|\

o] H

Position and configuration of double bonds: ©
97 and 127
Number of double bonds in fatty acyl cham: 2
Length of fatty acyl chain: 18

N\ [ sn2 — stereo centre: R

Figure 2. Structure ofl-hexadecanoy?-(9Z,12Zoctadecadienoyi¥nglycero 3-
phosphocholine

Table?2. Different annotatios of 1-hexadecanoy®-(9Z,12Zoctadecadienoy¥nglycero
3-phosphocholindased orthe different degree of structural resolutiomhe o©lours in
annotatiors refer tothe componentshownin Figure 2. [6]

Degree Structural resolution Annotation
1 Carbons andouble bonds PC(34:2)
2 Fatty acyl constituents PC(16:0_18:2)
3 Positional isomers PC(16:0/18:2)
4 Double bond position PC(16:0/18:2(9,12))
5 Double bonctis-trans PC(16:0/18:2(92,127))
6 Stereochemistry PC(16:0/18:2(92,127)[R])

The most basiway of lipid annotation is to providaformation of thdipid classtogether
with thetotal numberof carbon atomsind thetotal numberof double bondsn the fatty
acyl chaingTable2, degree 1). This approach is common for clgssbere fragmentation
by mass spectromgt(MS) is related onlyto lipid head groug e.g. phingomyelinsWhen
fragmentsassociatedio fatty acyls ar@bserved, the fatty acyl chains should be indicated
in the annotationTable 2, degree 2)Without further biochemical analysis or biological
assumptions this level is usually the limitation tmmventionalliquid chromatography

coupled to tandem mass spectrometry - M6/MS) analysisused inlipidomics. The
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underscores i g n  Geenfatty boyltchains in the annotation means that the positions in

which thefatty acyl chains are connected to the glycerol backbone akmoan This is

in oppositionwith the next degreef structural resolutionTiable2, degree 3) where these
positions arelefinedand indicated with thelashs i g nThedattyéacyl connected anl
positionis written on the left, while sn2 on tivgght side Degree4 defines all positions of
double bonds in the fatty acyl chains, and degrg®bvs itsis-transconfigurations. With
degree 6 alstereochemicatentresn the molecule are defined with progeSannotdion

andthec ompoundds s tharactetizedr e i s ful |y

The correctlipid annotation contas alsoinformation aboutinkages i.e. types of bonds
which connect fatty chain with the head group. No special indication niestres ester
bondis presentAnother common linkagis byan ether groupandthere are 2 different

types of this connectio. et t er 6 PO6 i n f sthewinyllmKage@=Cc hai n

double bond directlpeighbouring the oxygen in the etloennectoy a nd Ishowst e r

a simpleether bond withouteighbouring double bosdFigure3). This convention might

causesome confusion, as positions of double boads not always easily defined with

00O

conventional analytical methods. Inthiswork lubedt t er 06 e 6 ntoindidate ont o |

any type ofanether connection.

PC(P-18:0/20:4)

PC(0-18:1/204)

Figure 3. Twoetherphosphatidylcholinewith a different ether linkage. The double bond
included in the vinyl connector ot added to thdotal number of double bonds the
short annotationin this work botlphosphatidylcholinesould be called PC(el8: 20:4)

to properly show the structural resolution.

Sphingolipics do not havea glycerol backbonebut their annotations similar to
glycerolipidsand dycerophospholipidsThefirst place in theshort annotatio(like snl for
glycerophospholipidsis occupied by a sphingoid basan aliphatic aminaalcohol The

sphingoid basannotationincludesone of 3 pr ef i x amonohyanmb |,

whi



base, 0doalt3dihydroxybase eortsd ,t owh i ¢ h3,4drihyaroxg lsasef or a
whereasthe total number ofcarbonsand double bondm the sphingoid basehainare

shown in the same wags for other lipid groupsThe most common sphingolipids

mammalian cells consisff 2-aminc1,3-diols,andar e mar ked wi Then t he pr ¢
the fatty acid which is linked bgnamidebondto theaminoalcohol isannotatedimilarly

to thesn2 position of glycerophospholipid$7]. In case ofglycosphingolipidsthe sugar

moiety should be also defined in the annotation. The most congigoasphingolipic

contain glucose however it is difficult to analytically distinguish it from other
monosaccharides, e.galactose. That is why in this wogkycosphingolipidsare defined

in the mae general way abexosylceramidefHexCer).

1.20xylipins

Anotherdistinctive, but also structurally various lipid group are oxylipins. They belong to
fatty acyls andinclude subclasses likeicesanoids docosanoidsor octadecanoids
Oxylipins are oxidized polyunsaturated fatty acids (PUFMAd)ere other functionalities
are introduced during the oxidation process e.g. hydiaxyydragperokyl groups, epoxide

or ketonemoieties ormany othersLIPID MAPS include alreadyearly 3,000 structures

of oxylipins. Most of hem are highly bioactive and they playjumerousbiological roles

[8]. For many of themhowever, theexact mechanisms of action or ewvbgir biological
roles remain still unknown. Recognizingthe biological functions of oxylipins is very
challenging due to their short vivo life span, and because of overlapping, interconnected
or even opposite rold8]. They arealsoimportantfor regulation of platelet bhemistry

as they mediate intraplatelet signalling as autocfii¢hin cell signalling: an effect is
caused to the same cell that a signalling agent comes #manparacrine agengsell-to-

cell signalling: an effect is caused to a nearby cell to tedrmm which a signalling agent

comes)

Most of the oxylipins arehemicallyunstable and they are metabolized quicKligerefore
they are not storenh cells but synthetizedle novoat the place of their actigd(]. The
enzymaticpathway of oxylipin synthesis includé® release opolyunsaturateéhtty acids
(PUFA) from membrane phospholipids. The main enzyme responsible for this role is

cytosolic phospholipase A2 (PLA2hich cleaves phospholipids at the sn2 position.

6



Further on released PBAs are oxidized by proteins belonging to one of 3 families of
enzymeslipoxygenase (LOX), cyclooxygenase(COX) or cytochrome P450 CYP450)

[11]. LOX might have one of 3 forms: 512 and 15LOX (the presence of thE2-LOX in
plateletsis confirmed, andhe other areinder debatg8]), COX is expressed in 2 forms:
COX-1 and COX2 (in platelets only the first type is presesemdCYP450 is a large family

of enzymes, but 2 most important for production of oxylipins are CYP2J and CMERC
The initially synthetized oxylipins might be further converted by other enzymgs:
soluble epoxide hydrolasesHH) changes epoxides to dihydroxy compoundi8] or
thromboxaneA synthase is necessary for production of thromboxane A2 (TXA2), one of

the best described signalling molecules in platelet biochenhistty

Oxylipins can be also produced in renzymatic oxidationln-vivo oxidative stress,
caused by imbalance between antioxidants and free radeaals to notspecific oxidation
of PUFA to oxylipins byreactive oxygen species (RO®)-vitro autoxidation appears

when PUFA are exposed to oxygen or other oxidglris

2. MSin lipid research

MS is a technique which creategparateand detects ions in gas phase and records their
m/zratio. The first MS instruments in early®20entury were used to measure masses of
atoms and therefore allowed researchers to discover the existence of isotopes. It took
decades, however, until chemists started to use this technique to identify unknown
compounds. McLaffert yodbns pweotrtke ronns MSh df rBai gemmeann
identifying structures of peptides and alkaloids (50s and 60s Bic@ftury) introduced

MS to the field of natural sciences. Further development of mass spectrometers, especially
inventions of electrosprapnisation(ESI) and matrixassisted laser desorption/icati®n
(MALDI) techniques, which both happened nearly simultaneously in 1988, resulted that
MS has becoméhe goldstandard detection method in proteomics, metabolomics and
lipidomics, where complex biologitaamples are analysed and thousands of compounds

can be detected in a single fur).



2.1Types of MS used in lipid research

Every MSconsistsof 3 main parts, which ar@&n sourcemass analysemddetector Some

MS are also equippedith a collision cell where ions are fragmented, that additional

information about compound structure can be obtained.

2.2ESI ion source

The on source is a device, which creates ions in gas phase. The most commonly used
sources in lipid research aBES| and atmospheric pressure chemical ication (APCI)
both of them operate under atmospheric pressure, which allows their easy coupling to LC.

Another common technique MALDI, which is predominantly used in MS imaging.

In this thesis solely ESlvas usedhs ion source. In ESh sample is introduced to the MS

as a solution and directed towards the source through a narrow riggdie4A). A high
potential is applied to the needle and it catiseformation ofanelectrostatic field. In this

field the solution coming out from the needle is polarized and farfiag/lor cone Figure

4B, point 1). Multiply charged droplets are torn out from the cone and asatay. The
spray formatiomrmay besupportecadditionallyby a gas flow (nebulizer gas). Further,on
thesolvent is evaporated from the droplétgy(ire4B, point 2), which is controlled by high
temperature produced heaters and bthe heater gas, which distributes the heat over the
ion source. The charged droplets get smaller in size due to the solvent evaporation and their
surface charge density increases until the moment they reaé&tayteighlimit (Figure

4B, point 3)i at this point the surface tension does not compensate anymQ@auiombic
repulsion forces anthe droplets explode into several smaller droplets with lower surface
charge densityThis phenomeon is called Coulombicexplosion Figure 4B, point 4).
These processes repeat until all the solvent is evaporateglaanohasanalyte ions are
formed Eigure 4B, point 5). The ibns are then guidetb the massanalyserthrough
openingf cones, which are callédr AB Sciex instrumentsurtain plate and orificgl7].

The aifice plays several roles in the ESI source. Additional voltage called declustering
potential isappliedto its surface, which helps to destroy remaining sotemalyte cluters
before they entedhemass analysemhe aifice creates also a barrier between atmospheric

pressure inhe ESI source and vacuum in other parts of MS.

8
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Figure 4. A: Components of ESB: Scheme of the working principle of E$¥]. A andB
based orAB Sciex instrumentation.

To prevent cotamination in form of nofionised molecules, which could entidre mass
analyser, the exit othe ESI needle and the opening the orifice are positioned
orthogonally to each otheFigure4A and B). In this way only charged ions, which are
attracted by counter potential in mass analyser, find the way through the orifice.
Additionally, a counter flow of curtain gas M@ out norionised substance$igure4B).

The ESI source is connected asupply of dry gas (usually 2Nor synthetic air), which is

later divided into nebulizerag, heater gas and curtain gas flows.

ESI is a soft ionisation method and it is@itablemethod for lipid ionisation, asven
neutral lipidscanform adducts with small catiorms anionswith this techniqueand hence
can be detected hereforenearlyall nonvolatile lipids can be ionedwithout significant
in-source fragmentatiofiL8]. In ESI usually pseudmolecular ions are created: [M+H]

in positive mode and [MH]  in negative mode. However, depending on nature of the
analyte andhe additives used ithe mobile phasegther adducts can also be formed, for
example [M+NH]* or [M+HCOOY. Table 3 shows typical adducts created by different
lipid classes whemmmonium formatés added tahe mobile phase. Most of the lipids
form singlecharged ions in ESI, however, large molecules,déediolipins can also create

multiple charged iongL9].



ESI sensitivity differently to most other sourcedepends on concentratioatherthanon
thetotal amounbf ananalyte.That is why increased sensitivity is achieved, when injecting

a larger volure of sample into ESbut only when this sample @e-concentatedin the
chromatographic systerefore it enters the ESI soujcehile keeping the flow rate
constant, but also when keeping the injection volume the same while reducing the flow
rate.The reduction of flow rate also reduces the amount of buffer,asaltsontamination
introduced to the source, and provides easierfastér fine droplet formation. Based on
this principle modern modifications of ESI ionisation technique have been invented: HESI
and naneESI, which are characterized by exceptionally high sensi{i2@y21]. However,

to achieve satisfying results with thesethods a proper capillary LC column and narrow

ESI needle need to be utilized.

Table 3. Selection of adducts for precursor ions depending on lipid class in ESI

ionisation withammonium formatased inthemobile phase.
C Positive mode Negative mode

FA not ionised [M-H]
LPC [M+H]* [M+HCOOQOJ
PC [M+H]* [M+HCOOJ
ePC [M+H]* [M+HCOOQO]
LPE [M+H] * [M-H]
PE [M+H]* [M-H]
ePE [M+H]* [M-H]
LPI [M+H]* [M-H]
Pl [M+NH4]* [M-H]
LPS [M+H] * [M-H]
PS [M+H]™* [M-H]
MG [M+H]* not ionised
DG [M+NH4]* [M+HCOOJ
TG [M+NH4]* not ionised
ACar [M+H]* [M+HCOO]
Cer [M+H]* [M+HCOOQO]
HexCer [M+H]* [M+HCOOQO]
SM [M+H]* [M+HCOOQO]
CE [M+NH4]* not ionied
oxylipins not ionised [M-H]
cholesterol [M-HO+HJ* not ionied
sphingoid bases [M+H]* not ionied
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The ESI ionisation might suffer from serious matrix effegthen complex, biological
samples aretroduced to the sourc&@he matrix effectis achangen an analyte signal in
presence of celuting components o matrix. The change might be observed as an
increase in the response (comparing gtandard solution of the analyte in a pure solyent)
and then it is called ioeanhancementHowever most ofthe time the signal intensity gets

lower due to the matrix effect atigenit is called ionsuppressiofi22].

2.3Massanalysers

Nowadays a researcher can chobstweenseveral types of mass analysers used in
commercially available MS. The choice is made based on the nature of analysis and
purpose of study. Various mass analysers differ significantly in their working principles
and construction, and therefore they shamywdifferent performance. There are 5 main
parameters which characterize the analytical performance of a mass afi8y3$6y 23,

24].

Mass resolving powedlso calledesolutionexplains how well ions with differemb/zare

separatd from each other. Its value is usually reportedudswidth at half maximum
(FWHM), and itsmathematical explanation is the ratiomfzof an ion to its peak width
(measured at half of the peasidght). ThesmallerFWHM is, the bettesepaation ofions

with differentm/zis achieved by the mass analyser

Mass accuracyefers tothe measurement errar the difference of true (theoretical) and

measuredm/z values. It is usually reported as parts per million (ppry. practice,
instruments with better resolving power give results with higher mass accuracy and
therefore allow researcher to easier find the elemental composition of an analyte and faster
identify its gructure.Mass accuracy depends also on stability and quality of instrument

calibration.

Another important parametegspecially whemacromoleculesire analysed, is theass
range It refers tothe highesi/zvalue that can be detected dgnass analyser.
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Linear dynamic rangedescribes the rangwithin which the signal of an ion is directly

proportional to the concentration of the analyte. It is important for purpose of absolute and

relative quantification.

Spectrum acquisition speedfers to the time needed to acquareomplete scan ain/z

spectrum from the moment ions are generated to their detection. Usually the time needed
to produce ions ithesource is orders of magnitude lower than the timeg travel through

the mass analyser. Therefahe acquisition speed mostly dependstba operation mode

for staticfield mass analysers e.g. time-of-flight (TOF) and Fouriertransform ion
cyclotron resonance (FICR), or on ganning speefbr dynamicfield mass analysers.g.
guadrupol€Q) andlinearion trap(LIT) . Spectrum acquisition speedusually reported as
frequency and its unit is Hz.

The main types of analysers used in lipid research are quadrupaol&QFT orbitrap and
FT-ICR. Theyare all available commercially from different manufactures and éxact
parameters will differ depending on specificatiorable4 compares typicalgrameters of

different mass analysers.

Table4. Overview of typical analytical characteristics of different mass analy4&rs
23, 24].

Type of Resolving Mass Upper limit ~ Acquisition Linear
mass . accuracy* for m/zrange speed dynamic
analyser power [ppm] [m/Z [Hz] range
Quadrupole 1,000 1007 1,000 4,000 107 20 10°
LIT 10,000 507 100 2,000 107 30 1077 10
Orbitrap 150,000 175 6,000 107 40 1077 10°
FT-ICR 1,000,000 0.1i 1 10,000 0.51 2 10°71 10°
TOF 40,000 21 50 unlimited 107 100 104

*atm/z1,000

Nowadays, hybrid MSwhich combine two or more mass analysers iniosteumentare
frequently used. In lipid research triple quadrupoles (QgqQ) o r@s (combined
guadrupoles and linear ion trapaje commonlyutilized for quantitative studiesvhereas
QTOF (combined quadrupoles and TOF) and Orbitraps combined with lmeé&rapsare

generally used inntargeted analysis.
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In the presentestudies 3 different MS instrumentere usedQqQAB SCIEX API 4000
QTrap Sciex 4500 and T@F Sciex 5600 (all: AB SCIEX, Ontario, CanadaThe next

paragraphs will explaiworking principles of mass analysers used in these instruments.

2.3.1 Quadrupole and LIT

Quadrupolemass analyser is built of Hyperbolic or circulashapedrods Eigure 5A).

Direct current (DC) potential of the same polarity is applied to opposite rods. Additionally
to DC analternatingcurrentvoltage at radio frequency (RF)ssiperimposedbo the rods.
Combire DC and RF define ion trajectories. lons with stable trajectories pass the mass

analyser, while tbse with unstable trajectorieseneutralisé by hitting a quadrupole rod.

— Stable lon | Quadrupole

Trajectory Rods
~ Unstable Ion AN WA Detector (m /7)3
~  Trajectory b 7 \

lon
Source

DC

Voltages

RF

Figure 5. A: Basic components of a quadrupgRS]. B: Stability diagrams for (m/z)
(m/zp and (m/z3, where (m/z)< (m/z)p <(m/z) [25, 26].

Mat hi euds di fferenti al equat i dravel thetsecr i bes
electromagnetic field of a quadrupole. Its result can be visualised by stability diagrams
(Figure5B) [26]. Each ion shows a stability area (gridded), which is a combinatiof of R

and DC voltages which provide this ion with a stable trajectory. lons with higlzeshow

larger stability area due to their slower reaction to variatiotise electromagnetic field.

To changeéhem/zwhich can passhequadrupoleconstant ratio of RF and DC is used, but

their magnitude is changed (red line kigure 5B). Quadrupole resolution might be
modulated by adjusting treeanning line, howevehigher resolution often causes loss in

signal intensity. By setting DC to 0 (so the ratio of DC and RF also to 0), resolution of

guadrupole is reduced to 0 and the quadrupole is passed by §ll 7hns
13



A quadrupole mass analyser can be used in 3 different nfedescanmode changes DC
and RF with preserving their constant ratio along a scanning line, as shown with red line in
Figure 5B. In this mode ions with differentm/z within a given range are passing the

guadrupole one by one atigeir abundance is recorde8electeeion monitoring(SIM)

mode allows only one selectedfzto cross the quadrupole. In this mode the quadrupole
serves as a mass filt&xceptional sensitity might be reachedith SIM as all the ions of
the selected kind reach a detecpen(transmission)node (also calle®F-only mode)

reduces DC potential to 0 and supports all ions to pass through. Here the quadrupole is a

device to transport and focimns with differentm/z

In the open moddahequadrupole can be also changed into a collision cell. lons travelling
through a quadrupole in an O6open moded ar e
with neutral gas (e.g. ) Kinetic energy of ions is converted into internal energy and
causedreakage of covalent bonds and ion fragmentation. This process iscrdli€dn-

induced dissociation (CID)The degree of fragmentation depends strongly on kinetic

energy of travelling ions, which might be modulated by introducing additional potential

called collision energy27].

Back trapping

A Genfer element “BACK” SECTION

v
P
{‘!;l‘ ‘

‘FRONT" SECTION A

Front trapping section
element

e

-

¢ CINTERSECTON

Figure 6. A: Basic components €T [23]. B: Electric fieldalong the long axis of LIT
[28].

In LIT, similarly to quadrupoke anion trajectory is defined by changing DC and RF
potentials. LIT is able not only to guide ions through, but also to trap thedinmedisions.

The trapping is done bgombined DC and RF fields: twadimensional RF voltage is
applied to rods of LIT and it traps ions radially (along the rods), while DC voltage applied
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to the back trapping eleme(figure 6A) reflects ions back to the central section and

therefore traps them axially.

Figure6B s hows t he trapping electric field ins
blue arrow indicates that ions enter LIT with low kinetic energy and they are slightly
accelerated to the centre section of the analyser, until they approach thse ttaark with

high potential of the same polarity as the analysed ions. This potential reflects ions back
towards the centre section (red arrow). llmsetheirkinetic energy when they traverse the

trap, so they are not able to overcomepbtntial of the front barrier of LIT.

Trapped ion can be then excited by additional low amplitude RF voltage applied between
opposite rods. I f the frequency of this ad
(which is dependent am/32, this ion wil pick up energy. The gained energy allows the ion

to cross the DC potential barrier applied to the back trapping eléntlkation is ejected

from the trap and moves to a detector. In another operating mode the gained energy can be
convert ed teinal ¢nergyiara cadise itsifragmentation inside[29T.

2.3.2 TOF

The working principle of TORnalyserssto accelerate ions bynalectricfield and provide
all ions withtheidenticalkinetic energyThe kinetic energdepends on mass and velocity,
so when different ions obtain the sap@tion of the kinetic energythosewhich have
lower m/z travel faster comparetb ions with higherm/z lons with different m/z are
separatedhside the TOF analyser and ttime they need to crossis recordedvith high

precision, whichresults inthe high mass resolving poweasf TOF analysers.

lons entering TOF are accelerated by potential and they travel throughifthegion
(Figure7A), which isa potential free regior.he time whichions need to cross the drift
region and arrive ta detector depends on theifz but also on thkength of the drift region
andon thepotential applied ttheions in the acceleration unit. These parameters are known
and inthetheory the same for all the ions during the analysis time, however, they might be
affected by changes in temperatutteedrift region length) andhe power supply output

(thepotential). To compensater possible fluctuations ithelaboratory temperate where
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TOF is located, this analyser shouldfteguentlycalibrated (e.g. once an hour, wtfer

comparisorthe calibration of a quadrupole is necessary onceiiriB months]30].

A B

Ions with the
same m/= Kinetic energy

. . Mirror electrodes
Drift region

Entering ions

Ton mirror

(s
L
Bt
Detector N - * J

Acceleration [ ! A
Acceleration unit

unit Detector Trajectories

Figure 7. A: Basic components of TQR3]. B: Schematic working jmciple ofanion
mirror [17].

To equip TOF with extraordinary resolutignthe analyser needs to compendatethe
spatial and velocity spread of ions witite equalm/z This is provided in 3 steps: by the
orthogonal ion acceleration, theldyed pulsed extractiand byusing an ion mirrof19,
23, 25].

TOF analyses work in pulses, which means that a portion of ions is collected in the
acceleration unit and then accelerated together towards the drift réggone(7A). This

way avoids the situation that ions with differemtz which travel with different speed, but
entered the analyser at a different time, arrive to a detector together. The ions are
accelerated orthogonally to the direction they enter TOF andtisewhich have longer

way to the detector, are actually located in the acceleration unit closer to the pulse source,
and therefore they experienstightly stronger acceleration (this technique is called
delayed pulsed extractipnLater onin the drift rggion these ions join the ions with the

samem/z which obtainedittle lower acceleration during the pulse.

Modern TOFs are Mshaped and have an ion mirror, which is a series of electrodes that
create electric field to reflect ionBigure7B). lon mirrois unify arrival time to the detector

of ions with the samen/z but with slightly different kinetic energies. lons with higher
kinetic energy penetrate the mirroegber and have longer trajectories compareth&

ions withtheidenticalm/z butalower kinetic energy.
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2.4 Detectors

Detector systesiconvert ions into a signal, which can be interpred@d storedby
computers. The most widely used detector in M@iélectron multiplayer. Single ions,

which reach the detector, create omnlyery low current, so in order to achieaegyood
instrumentsensitivity, this signal needs to be multiplied. In the first step of detection, ions
coming fromthemass analyser are acceleratechibygh counter potential. They strike the
detector surface and release several secondary particles. In nagatbfe mode analysis

the secondary particles are positive ions, and in case of positive mode analysis the created
particles are electrons. This starts the cascade of impacts, as secondary particles (both:
positive ions or electrons) collide again wittetsurface and release additional electrons.
The cascade continsand multipliers typically enrich the signal®lfimes. The electron

current can be then easily measured.

The QqQ and QTrap instruments from Sciex, whielie beemused in my researclare
equippedwith continuous electron multipligfCEM). This type of multiplier is a curved

tube with good secondary emission properties. The released electrons travel through the
tube hitting its wall and releasing more and more electrieigsi(e8A). At the exit of the

tube the multiplied current is measui@@, 31].

NEGATIVE IONS

| I + HV CONVERSION DYNODE

ELECTRON MULTIPLIER
WITH CONTINUOUS
h, DYNODE

A7 RS
X

-—, e ' (\,7..'.'%.
XX \ 7 P e E—
RS 3
H A ""t'\\\?ﬁ“ """"" 2
e AR =———

- HV CONVERSION DYNODE

QUADRUPOLE I
POSITIVE IONS

.

Figure 8. A: CEM used in QgqQ and QTraB: MCP used in QTOF. Lines show movement
and multiplication of electron20Q].

TOF analyses require detects which areable to very precisely determine ion arrival
time. Microchannel platéMCP) is the type o&lectron multipliey which is typically used
with this analyser (it is also installed in QTOF instrument fABnSciex). MCP is a small
plate with parallel channels drilled through Eidqure 8B, top). Inside each channel
electrons are multiplied similarly to CEMrigure 8B, bottom). lons with differenin/z
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reach the plate at different spots and enter different channels. At the end of each channel
the electron current is measured, simultaneously and separately the channels. This

type of multiplier is very fast, because of the short electron path and large detection area.
Another advantage of MCPits ability to simultaneously measure ions with differemiz

The drawback of this detector is its fragiland high pric¢19, 20, 31, 32].

The final step of ion detection is the conversion of electron current signal into @mpu
data. This part is done by a converter. QqQ and QTrap use traditional anatoljgieal
converter (ADC). This type of converter has wide lirgjaramic rang¢20].

The SciexQTOF instruments equipped withtime-to-digital converter(TDC), which
operate in pulse mod€&he sgnal fromthemultiplier is forwarded tahediscriminator and

if it reaches a certain threshold its signal is received by TDC. This detector is a time
counting device, rad if several ions of the sanm/zreach the detector at the same time,
they will be countedas only one ion. The counting dead time of TDC is in the range of
several nanoseconds, when the detector cannot register another ion. This is why TDC easily
gets saturated and show poor lindgnamic rangeTo overcome this problem multiple
TDC convertes with equal probability to receivgesignal from an ion are installl (multi-
channelling). Another approach to extend lindyamamic rangef this detector is by using

ion transmission control (ITC). Here, l@sare installed before the mass analyseiicivh
reduce ion load, if the signal gets too high. The QTOF instrument ABriciex has 4

TDC channels and is equippeith the ITC systen20, 32].

3. Separation techniques used in lipidomics

Lipids can beanalysedby direct injecton of their extractto the MSinstrumentor by
separation ogpecies prior to the M8etection[33]. The first approach is called direct
infusion or shotgumnalysis. The main advantagd shotgun lipidomicarehigh sample
throughpu{34] and straightforward compoumdrmalization withaninternal standard$)
[35]. On the other handhis analyticaltechnique might suffefrom a significant matrix
effect when @omplexbiological sample igjected and what is morgsobaric compounds

with similar fragmentation patteannotbedistinguisked by this method36].
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To avoidthementioneditfalls many researchedecide tasimplify sample complexity by
separation of lipid prior to detection Separation techiues use differences in
physicochemical propertiesg.molecule sizesr surface arganydrophilicity, pKa, etc.to
separatelifferent compounds spaceSeparatioracts alsoasa pre-concentration step and
focuseescompounds before entering to MS, whedses their detection. What is more, some
isobaric compoundsnight be separaté with well-chosenseparation techniques and

therefore they can hedividually analysedvith MS detectcs.

Several types of separation techniques are used in lipidormost commonly
chromatographyGas chromatography (G@jasone ofthe first techniqueghat coupled
chromatography with MS detectiof837]. GC-MS analysis requie analytesthat are
thermally stable andolatile, which is not the case for many lipid&8]. Therefore, lipids
need to be derivatized prior ke GC-MS analysis in order to increase their volatility and
minimize adsorption effects on a GC colurithe most common approach to remove polar
functionalitiesof lipid moleculess by methylationof FA andtransesterificatiof more
complex lipids. Tlese reactiongesult intransforming all lipids ito fatty acid methyl esters
(FAME), which arevolatile. The final result of the G®IS analysisis qualitative and

guantitative informatiombout allfatty acyl chains included in all lipideom a samplg¢39].

FiehnandCajkaconducted studies in 2014, which compared analytical techniques used in
lipid research by different groups. The studies revealed thatnthst common
chromatographitechnique waseversegphaseliquid chromatographyRPLC) followed

by normal phasdiquid chromatography(NPLC) and hydrophilic interaction liquid
chromatography (HILIE (Figure 9). A lesscommon method wasupercritical fluid
chromatography (SPQ40]. All these techniques are describiednore details in the next

chapters of tis introduction.

Non-chromatographic methods for lipid separation include capillary electrophoresis and
recently introduced ion mobilityspectrometry (IMS) [41]. IMS is a gaghase
electrophoretic method, where ioeid analytes are separated iprassurizecchamber

filled with buffered gas (e.g. nitrogen). lons collide to the gas in the chamber and different
ions separate, because they need different tinlledadrift time) to cross the chamber to a
detector. The drift time is related to ion size, shape and chd@eIMS can often

differentiate between structural isomers and conforf@8s The separan by IMS
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occurs in the millisecond scale, which makes it suitable as an additional dimension to the

LC-MS analysig42].
(A) e (B) i) (C) J:::&\
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Figure 9. Frequency of usage @: differentchromatographic systemB; various MS
ionisation modes an@: massanalysertypesin publicationsbasedon LGMS lipidomics
research(40].IT T ion trap.

3.1RPLC

In RPLC norpolar stationary phaseonsists ofsilica particles functionalized with
hydrophobic ligandsThereis a number of ligands to choose fromith C18alkyl chain
being the mospftenused. Othecommonoptions are C&nd C30 chains as well as phenyl
andcyanoderivatives[44]. Mobile phass used in RPLGrepolar mixtures of water and
water miscible organic solvertg. acetonitrild ACN), methano(MeOH) or isopropanol

(IPA). Lipids elutefrom anRPLC column in order of increasing hydrophobicity.

The widely acceptedetention mechanisrifor RPLC isthe so calledhydrophobic effect

which isanentropydrivenproces$45]. The Ipid extractis injected intdhecolumn,which

containsa relatively watesrich mobile phaseThe high entropy of such system comes

mostly fromthe mobility of thewater moleculeandthe highly dynamic hydrogen bonds

[46]. Nonpolar fatty acyl chains of lipids restritte water movement andhenceto keep

the entropy of the entirechromatographicsystemhigh, theyar e &épushed awayo
partitioned into the stationary phaselhe minordriving forcefor RPLC retentioris the

London dispersiveinteractionsbetween chains of stationary phase ligands and lipid
moleculeg§47]. Thehigherorganic solvent content in the mobile phasehibberthelipid

partitioning into themobile phasés. This results in release of analytes fromgtaionary

phase, their elution from the column and final detection.
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The retention timeof a lipid in RPLC depends oithe length of the fatty acyl chainghe
number of double bondsnd their polar headrhe longer the fatty acyls are, the more
hydrophobic the molecule,iand the longethe retention timeis. Double bonds on the
contrary increasthe polarity of the molecule athey contain” electrons whichincrease
the dipolemomentof the compound44)]. This showshatthe dipok-dipole anddipole-
induceddipole interactios are also important in the RPLC retention mechanigi.
Double bondsin a moleculecausedecreasan its retention time.Lipid specieswith
different head group, so belongingdifferent clasesmight ceelute with RPLC, butlipids
within once class separatedvery characterigt order according to their number of carbon
atoms and double bondsigure10) [48]. Because of this phenomenon the retention time

of lipid species aabe used aadditionalcriteriafor lipid identification.
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Figure 10. Spotting maps oA: fatty acids andB: phosphatidylcholines showinte
relation ofelution order of lipids within one class with RPk&their precursor m/zDots
with thesame colour show lipids with equal number of double bonds (DB).

Lipid separation with RPLC can be optimized tlyoosirg a proper column @umn
dimensions aswell as the packing materialare important). Nowadaysyltra-high
performance liquid chromatography (UHPLEdlumns withfully porous sub2 pm
particlesare preferred, becauskey providehighly effective separatiof49]. Another
commonly used packing materialgelid coresilica particles It shows similar separation
efficiency to the fully porousilicaeven forhigher particle diameteand at the same time

it provides lower backpressurgs0]. Another often preferentialfeatureof a columnfor
lipidomics is silica endcapping which removes or restricts access to residual silanol

groups andthereforeminimalizeshydrophilicity of the stationary phagl].

Once the column is chosen tobile phas@eed to be optimized. This includes solvent

componentsand gradient profile or isocratic parametdvkbile phase componentse
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water andbrganic solvent, which for lipgis very often IPA oits mixture with ACN IPA
provides good elution of highly nonpolar lipids likeglycerides(TG) and cholesteryl
esterq(CE). Additivesto mobile phase includ®rmic or acetic aciglor their ammonium
salts Different additives are often used as a mixtuseiallyin low concentration up to 10
mM for salts and up to 0.2% for acidBhese additives improvd.C separationandalso

increasaonisation in the MS sourd®2].

Main drawbacks of RPLC for lipidnalysisarethepoor solubility ofanalytes in waterich
solventsandthelack of coelution of analytes and.ISipid extract arepoorly solublein
highly aqueous solvents, whighneoftenthe starting conditionsof gradient elutiof53].

In the result lipids are injecteasa solution in organic solventyhich causes mismatch to
the LC conditions andrhich might influence peak shape, especially for polar, early eluting
lipids [54]. The otherdrawbackis chromatographic separation of lipids amdS used for
their normalization. In lipidomics it is not possibleadd IS for each of hundreds lipid
species detected. The common strategy is toonselS per lipid clas§55]. However,
difference in retention of IS arttie analyte means that theobile phase composition at
MS source is different, which influences ionisation efficienéhat is morethe matrix
effectis different for theesubstances. Thimight result ininadequate normalization and

incorrectlipid quantification[56].

3.2NPLC, HILIC and SFC

NPLC, HILIC and SFGhow manysimilarities when used itnelipid analysisAll of them
separate lipids according to their polarity wittdroplobiccompounds being eluearlier
and polar analyte later from the chromatographic systéra. separation is performed
according to par head group and all lipids from the same class elasely togethefalso
IS) [40]. All 3 techniquesultilize polar stationary phasemd bare silicais the most
commonly used for all of them. Other stationary phasedude various silica

modificatiors, like polyvinyl alcoholor dihydroxypropyland many othe44].

The difference betwedhese methods is themobile phase, which resuligsoin different
retention mechanism. NPLC udaighly nonpolar solvents (e.g. heptamehexane) often

mixed with relatively more polar liquids lik€A, ethyl acetate or chloroforrRetention
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of lipids in NPLC is driven mainly bpdsorption of analytes (their polar groups) the
stationary phaséNonpolar fatty acyl champlay only minor role in the retentiqorocess

(or none at all}57].

Elution of analytesn NPLC is performedby replacement of adsorbed molecules by
increased proportion afelatively polar solvent (e.gIPA) in the mobile phaseRolar
solvents might bind very strongly to the stationary phase, which resultenm
equilibration time between rurjd4]. Another disadvantage of NPLC is the mismatch of
the mobile phase withlS ionisation source. Organic solvents used in NPLC are incapable
of accepting or donating protons to analytes, so the ionisatidnigidy suppressed.
Furthermorethese solventshowlow conductivity and do not suppaatstable spray for

ESI ionisation.To overcome tese problens post column mixing with protic solvents is
used[5§].

Because ofhementioned limitation of NPLC, HILIGeparation is gaining more and more
popularity in lipid researchilhe mobile phase in HILIC consists of water (at least 2.5%)
and high amount of wateniscibleorganic solventusually ACN Water molecules interact
strongly withthepolar stationary phase and creastagnantvaterrich layer onits surface.
The composition of this layer is differenttioe bulké wa-d ef i ci ent & mobi l e
analytes partion between these 2 solve&9]. Lipids, which partitioned into thpolar
layer, can further interact with the stationary phase by dipaleed or electrostatic forces.
This leads to separation of analybesed on their polaritgnd charg¢60]. HILIC mobile
phase is easily combined withe ESI MS source anét shows even better ionisation
efficiency compared to RPLC, due to high amount of ACkhenmobile phasgl]. The
pitfall of HILIC is its disability to retairhighly nonpolar lipids like TGrad CE

SFC techniguguse CQ at high temperature andhigh pressureto keep itunder the
supercritical state or close to it. The polarity of G®©comparable with hexane, but it is
fully miscible with polar organic solvents, especially with MeOH, which c@mmonly
usedmodifier for changing polarity of the mobile phase in SB¢. The mdile phase
underthe SFC conditions shows very higliffusivity and very low viscosity, when
compared taany LC solvents. Thisauses thathe equilibrium of the analyte partition
between the stationary and mobile phasesacledvery quicklyeven athigh flow rates

As aresult SFC can be used for fast and efficient lipid separatioantetain apolar lipids
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like TG and CEwhich are eluted in the beginning of a chromatogram and are followed by
more polar lipidsSFC can be edly coupledto MS[63]. The drawback of this method is
the need of special chromatograpimstrumens able to pumpiquid CO, andequipped in
theback pressure regulator (BPR), whiakeps the whole systeunder high pressufé4].

3.30ther LC techniques

Otherseparation techniques used in lipid researchutilieed for very specific purposes
rather tharfor general lipid profiling. The most common are chiral chromatography and

silver ion chromatograph

The first oneapplieschromatographic columns with chirstationary phases to separate
enantiomers Modern chiral columns areompatible with wide variety of solvents
including wateirich solventseasily appliedfor MS detection[65]. Chiral separation is
most commonly used for oxylipin analysigs these compounds gaadditional
stereoisomericentresat carbon atomsonnected ttveteroatoms introduced in the process
of FA oxidation[66]. The result of hiral analysis of oxylipins might reveal thairigin.
While pure enantiomers are produced enzymatically, racemic mixiulieateaccidental
autoxidationduring sample preparation oxidative stresby ROS ina cell[67].

Silver ion chromatogrdyy is used to separate lipids with different number and
configuration of double bond$his technique utilizes the stationary phase, in whilita

is derivatized wittphenylsulfonic acidigands and these are linkbg ionic bonds tAg*
ions[68]. During chromatographic separatidalver ionscreateweak reversibleomplexes

with " -orbitals of double bondsCompounds with more double boneitain stronger on

the column than analytes with fewer double boAd®sser effect to retention is caused by
the distancebetweendouble bondsand their cis-trans configuration[69]. Silver ion
chromatography can be used for separation of free fatty acids, FAME as well as more
complex lipid classeFrQ]. It uses highly nonpolar solvents as mobile phase similarly to
NPLC and therefore is not easily coeglto the MS detector.
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4. MS analytical strategies

MS detection is nowadayswethod of choice for lipid analysiShe commonly used hybrid
MS instruments in lipid researc®qQ, QTrap, QTOF and orbitrapacquire data in cycles
[29, 32, 71]. The cycletime, which is the time required to perform all MS and MS/MS
experiments of an MS measurement cydte,an important parameter fatetection
sensitivityT if it is too short, the signal of an analyte will not be distinguishable from noise
[72]. Shotgunanalysisdo not highly restrict theycletime, butthe situation is different for
LC-MS. Analyteselute fromthe.C systema® c hr omat ogr aphi c peaks?éd
which representime, whenan analytecan be detected. If the cydiene is too longit
might beunsuitable fotheLC method, achromaographic peakmight bepoorly defined

or an analyte can even pass MS undetedteglife 11). A rule of thumbsays that there
should be minimum 8 pointger chromatographic pe&ir analyte qualitative analysis and

at least 10 for quantificatiov3].

A B

Intensity
Intensity

Retention time Retention time

Figure 11. Red dots represergoint at which MS data was recorde@ed lines show
recordedchromatogramlight blue lines showactual elution of analyte®\: propercycle
time providesgood number of data points apeaks are well defined: too long cycle
timecauseghattoo less data pointare recorded angeaks are not well defined.

The peak width is related to a chromatographic method and might diffi. Commonly
used C18JHPLC columns in lipidomics provide peaks, which baseline width measures
around5 s. It means that cyckeme should beno longerthan500ms to provide at least 10

points per peak.
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4.1 Targeted analysis

The principle for the targeted analysis is to define a hypothesis about the planned
experiment together with a list of compounds, which will be detected with A#t&r
performingthe experiment andollectingMS data this predefined hypothesis verified

The MS list of analytesmight contain numerous targets, even hundredshardly the

whole lipidome. Tere will alwaysbe lipidsthat arenot discovered at the time of the
analysisand the information about themliMbe lost. These method areusually highly
sensitive andhey areused for absolute quantification of lipids in sampl@santitative
targetednethod should be validated before analysing real samples. Validation proves that
the method is not only sensi# enough, but also selective, that the analytes are within the
linear detection range of the MS detector and tiatanalysiss reproducible in terms of

accuracy and precisidii4].
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Figure 12. A: Schematic representation of an SRM experinBniIS'MS spectrum,
which containsnly one fragment.

To provide high sensitivity for the targeted compounds, the data is usually acquired with
low resolution MSI QgQ or QTrap with theelectedreaction monitoring (SRM) mode.
SRM switcheQ1 and Q3 to SIM mode. The @&finesvery narrow range ah/z(0.7 to

1 units) so onlytheselected precursor ion cpasst. Q2is used as the collision cell. The
targeted compound is fragmented with optimizetlision energyand the fragments enter

Q3. Q3 agaimefinesa narrow 0.71 unitm/zrange to allow only a characteristic fragment

to reach the detect@Figure12). SRM, when well optimized, provides high selectivay,

well ashigh sensitivity due to effective noise filtration by the 2 quadrupoles (Q1 and Q3).
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Figure 13. Chromatograms acquired witA: SRM; B: scheduled SRM. Linesnder
chromatograms represergcquisition time ofsingle SRM experiments, lirteickness

represeng dwell time.

SRMs might be definedor multiple compounds and analysaititogetherduring one LC

MS run orduring the same shotgun injectidrhe dwell times of all SRMs sum up tahe
cycletime (plus ca. 1 mbetween each SRM, which is needed for quadrupoles to stabilize
the electromagnetic field)n case of LEMS analysis theycletimeis restrictedanddwell

times of each SRMeed tdbeshort if high number oEompoundss analysed. To increase
the dwell timeof SRMs and consequentlp gainsensitivityfor analyteq75], scheduled
SRM was developedl76]. This algorithm enablesntelligent plaming of detection time
windows for each SRMso that SRMs arenly acquirel around the retention timevhen

their analytes elute fromthe chromatographic system and reach the MS det€Eigure

13, the shortetength of the linesuinder the B chromatogransompared tainder theA
chromatogram As the result theycle time at each point of the analysis is divided into
smaller number oERM experiments, so single SRMs can be recorded tvélhonger
dwell time Figure 13, the greater thickness of the lines under the B chromatogram

compared to under the A chromatogram).

27



4.2 Untargeted analysis

Untargeted strategiegeneratenew hypothesesand areused in lipid discovery. The
principleof untargeted methods to acquire all data withiawide range ofn/zin order to
record alldetectable analytealsounknowns, which further lead to discoverynefw lipids

and potential biomarkerkintargeted modsprovide global and comprehensive analysis
of a lipidome.During untargeted analysisg amount of data is acquired, which needs to
be processed ardterpreted.These araisually the critical and most difficult steprhe
identitiesof analytesareoftennot knownandtheir identificationis not trivial. Usually the
collected datas compared to existing databases to find which lipids were in the sample.
Most typically unargeted methods do not provide the exact concentrations of lipids, but
the detected intensities are used for relative comparison of lipid levels in different samples.
This, however, causes problemaendifferent laboratories with different MS instruments
want to exchange their result#/hat is more, even measurements acquired at the same
place, but on different days and as different batches, canneadly comparednd
combined Currently new technigques to estimate absolute concentrations of analytes
measured with untargetetiethodsare developing@nd are becoming more commaty,

79].

A C
PG(18:1/18:1)  Measured Mass Matching  Number of findings
Exact mass: 774.5411 m/z tolerance formulas in LIPID MAPS
Formula: C4,H750,0P ™ 774 5 .10 18 122
774.54 +/-0.10 6 32
774.541 +/-0.01 1 17
B

Figure 14. A: An example of a lipid with its short annotation, theoretical exact mass and
formula; B: its chemical structureC: Table showing number of matching formulas
depending on how accurate the measured m/z is defined and the number of findings in the
LIPID MAPS database.

In the case of untargeted analysiee lipid identification is done during data processing

postacquisition. The main parameters used to identify a compound are: its exact mass
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isotope patterrand the information about compounttagmentation. Additionallythe
retention pattern obtagawith achromatographic system might provide information about

a lipid class or fatty acyl composition (see chagtef this introduction).

MS instrumens canacquie the m/zratio of a precursor iorfe.g.[M+H]* or [M+NH4]",
seeTable3 for more examplesHowever, forthelipid identification theneasured accurate
precursorm/z needs to bee-calculate into the theoreticalexact mass of the neutral
compound.The theoreticalexact mass is strictly connected ¢oo mp o uchedigas
composition so knowing one, the other can be calculated. The better defineetseired
accuratem/zis, the easier it is to find thbeoreticakexact mass, so also theperchemical
formula (Figure 14). This is why foruntargeted lipid profiling high resolution MS
instrumentdike QTOF, Orbitap andFT-ICR are utilized[79] T they provide high mass
accuracy, so theeasured accurate mass is a close match theabecticakexact masfiow

mass error; <5 ppm)

12-HETE:
Formula: C,,H;,0;
m/= [M-H]: 319.2279

OH

N CE=-20V
/ [
® MS/MS of 12-HETE
179.1078 HO @ MS/MS of 5-HETE 319.2315
S-HETE:
Fonllllula.: C;EJ.I-ESZO3 :% 1 179.1101 301.2204
Mass [M-H]: 319.2279 5 257.2301 !
E l08.1125 |
203.1805  115.0401 ", | ‘ |
i=
= . i
on ) S 1150427 201830
257.2306
301.22114f |319.2315

150 200 250 300 350
m/=

Figure 15. Example of 2 isomeric lipids, which can be distinguiskigidthe MS/MS
analysis

Thelipidomecomprisesnany isomers with identical exact masg@esan examplédast line
in Figure 14C). To distinguish between them the MS/MS datéth compound

29



fragmentation needs to be collect€drrently here are &vailableways to acquire MS/MS
informationfor untargeted analysigata dependent acquisitifDA), dataindependent
acquisition(DIA) and parallel reaction monitoring (PRMpglso called high resolution

multiple reaction monitoringVIRMHR).

4.2.1 Untargeted analysis: DDA

DDA analysis can bdescribed as dynamic product ion scaithis analysis requires to
parallelly perform 2 types of MS experiments: full MS schkig(re 15A and B) and
product ion scanFigure15C and D). The full MS scan records precursor imiz while

the product ion scan collects information about compound fragmentation. The decision
about which compounds to fragment is made automatically and it entirely depends on the
full MS scan Thedatafrom the scan is collecteahd thent is immediatelycomputedand
themost abundant ions are selectectheirinstantaneouagmenation The narrow, unit

mass isolation window for the precursor ion provides lojgality of the MS/MS spectra

[80].

DDA methods can beersonalizedo the conducted researchn exclusion list can be
formed which contains common impuritiean inclusion list with mostritical analytes

can be added, as well sansiblehreshold for triggering the precursemight be defined.

It is also advised to temporarily exclude each precursor after its first fragmeritalisn
avoids the situation when a highly concentrated analyte is triggered over and over again
during its elution. Due to the temporal exclusibigger variability ofcompounds can be
fragmented and gives the opportunity folower abundant compouadb be analysed. A

good practice is to exclude the precursor only for about half time of its chromatographic
peak width, as in this way each compound is triggered once Wwheaches the threshold

and the second time around its peak maximum, which gives high certainty in good quality
of the collectedMS/MS data.

The number of MS/MS spectra, which can be recorded per MS cycle depends on the
acquisition frequency and is litad to 1620 for QTOF and 4% for an orbitrag81]. Thus
theoretically, duringeach cycle time 20 new MS/MS spectra can be recorded, which can

sum up to thousands of analytes being recorded from each sample.

30



%o B

A
o o
o (%) 00

Q1 and Q2 in open mode
TOF measures desired mass range

Intensity

—~
-

C
o
(%)
o (%] - z D;
O 0 1ol Individual MS/MS spectrum

N\ [u]

~

A

QI: mass filter (~ 1 Da)
Q2: collision-induced dissociation
TOF measures product ions in mass range

Intensity
[+

m/=

Figure 16. A: Schematic representation fofll MS scarexperimentB: MS spectrum
recorded by the full MS sca@: Schematic representation pfoduct ion scan
experimentsed to obtain MS/MS data in DDB: MS/MS spectrum recorded by the

product ion scan.

The disadvantage of DDA approach is that still nibttlee lipids are fragmented, so
identification of very low abundant species might be impossible.
4.2.2 Untargeted analysis: DIA

In the DIA approach a fulMS scan of precursor ions is recordedd followed by
instantaneou$ragmentation of alanalyteswithout any preselectigrso no information

about anyof theanalytesis lost

There arethree approaches foagment all the analytes during the analysis run time. The
first one uses one very broad Q1 isolation window and fragmaltprecursor ions
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together.It is calledall ion fragmentation (AlFandit results in very complex MS/MS

spectruni82].

With the secondapproach called MS/MS*t, fragmentation spectrare collected by
discrete stepping of narrownit mass isolation windowandanalytes aréragmenédone
by on€[83]. Here high quality MS/MS spectra are recorded, similarly to DI Aowever,
requiresextremelylong cycletime, thereforat is notsuitablefor LC-MS hyphenatiomnd

it is only limited to shotgun lipidomid84].

A O
o O
@ @i
AL
o Q1 o CID Joo . ﬁ‘ Mixed MS/MS spectrum
o 5 i__ "OF A o
_. B,
' £ A
QI: mass filter (range) 5 a o
Q2: collision-induced dissociation |
TOF measures product ions in mass range -
D m/z -
A
C MS/MS spectrum 1 MS/MS spectrum 2 MS/MS spectrum 3
N m A (] A
A
z £ £ A =
g 5 0 5 03
= = = | g
m/= - m/= - m/=

Retention time

Figure 17. A: Schematic representation 8WWATH experimenB: MSMS spectrum
recorded by SWATHC: Small differences in retention times of coeluting compounds
used for MS/MS spectra deconvoluti@n;resulting deconvoluted MS/MS spectra.

The lastapproachutilizes multiple Q1lisolationwindowsof intermediatesizes (e.g. each

one 100 Da). These windows can be acquired stepwise to obtain fragmentation of broad
range of ions. This DlApproach is callesequential window acquisition of all theoretical
fragment ion mass spectra (SWATHBb, 86] and it gives mixed fragmentation MS/MS
spectra of intermediate complexififigure 17A and B. In the SWATH analysist is
advised to overlameighbouring windows by Da This wayavoids losing a precursor,

32



whosem/zlays on the edge of a window, @4 ion transmissioefficiency for the edge

m/ztendsto be low during Q1 window switchig.

Fragmentation spectmabtained by SWATH and\IF need to be deconvoluted to assign
fragments to their precursoiThis is supporid by chromatographic separation of analytes
and small differences in the retention times are used to refer fragments to different, but co
eluting compoundgFigure17C and D [87].

All DIA approaches collect MS/MS data comprehensively through the WkiaMS run
time and therefore they give the opportunity to quantify compounds uasingnly the
precursom/z (as in the case of DDA) but alsbeir fragmentsQuantitative analysis by

fragmentm/zis often more selective and sometimes more sen$@hje

4.2.3 Untargeted analysis:PRM

PRM collectsthe full MS scarandrecords comprehensive data about the precursor ions,
but only preselected targeted compounds are fragmehtedlisted targetare acquired
and their MS/MS of high quality is recordetihis method, however, does rmbvide
comprehensivé1S/MS data for all lipids in a sampl&imilarly to DIA fragment ions can
be used for compound quantification asitfragmentation is recordetthroughoutthe

wholeanalysis timg88§].

5. Plateletstructure and functions

Dense tubular syster Ribosomes

) ) Microfilaments
Mitochondria

Glycogen

Open canalicular system Microtubules

Dense granules

Peroxisomes .
Open canalicular system
Lysosomes
a-granules

Figure 18. Schematic structure of a platelet showing most important fedt8@e980].
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Platelets, also called thrombocytes, are siellular components oblood, with discoid
shape (resting platelets) and 2 to 4 um in the longest diameter and around 1 (®0thick
They are quite numerous in blobd 50,000 up to 400,000 per m{81].

Platelets are highly specialized cells with their primary role in blood clogging. Theg lack
nucleus and therefore they are incapable of cell division and multiplication (cell mitosis).
Platelet cell structureF{gure 18) includelipid bilayer membranewhich is asymmetric

(Figure19), with phosphatidylchohes(PC) being the major lipid group in the outer layer
and aminophospholipidgptiosphatidylethonolamineg¢PE) and phosphatidylseringéPS)
creating most of the inner layer (in the resting st§®?]. Platelets contaimitochondria

and4 types of granuled-granulesdense granulesysosomesandperoxisome$90, 93].

Granules are secretory organelles and they store active substances, which might be released

upon specific biochemical sigrsal
Phosphatidylcholine

Phosphatidylethanolamine

Outer
leaflet

S

Figure 19. Structure of asymmetric plasma membrane in resting pla{&gls

g Phosphatidylserine
Sphingomyelin
Cholesterol

Glycoprotein

The most abundant type of granule§igranules Ther e ar e -granolesind 50 t o
one platelet, and with the diameter varied fr2@® to 500 nm, they make up to 10% of

tot al pl atel et v o l-griamée.inclidésenultple types df memeérane f an |
proteins and -granlles bconmin many éactars liké coagulant and
anticoagulant agents as well as fibrinolytic pratge.g. plasminogen, factor V and factor

X); adhesion proteins (including fibrinogen andn Willebrand factor (VWF));

chemokines (e.g. CXCL4, CXCL12); angiogenic factors (promoting blood vessel growth)

and angiogenic inhibitors; immune mediators andwnofactors. Many of these agents

play opposite biological roles to each other (like-pritammatory and antinflammatory
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medi ator s) and it I s sgranules effiniently medeate ltheiru n d e r
biochemical function§90, 93].

Dense granuleare a sukiype of lysosomeaelated organelle They are much fewer in

platelets (typically only 5 to 8 dense granuleshieplatelet cell). The diameter of dense
granulesis around 150 nm. They contribute to around 1% of total platelet volume (around
10 times| e s s -grahutes). They plag crucial role in blood clogging, as thgpssess
factors asadenosine diphospha{@®DP) and C&" cations, which act as autocrine and
paracrine stimulants. Moreoveiense granulesontainalso other cation(g.Mg?*); other
nucleotides (e.g.adenosine triphosphat@&TP)); bioactive amines (mostly serotonin, but

also histamine); and polyphosphat@g, 93].

Lysosomesin platelets, similarly as in other cell types, have acidic pH and contain
proteases as well as other enzymes needed for protein andliyaredr degradation. Their

size 8b e t wegeanuledJand dense granules: 20050 nm.The content of latelet

|l ysosomes can be al so r el eas-adddenpegnmanulps, at el
however it requires grater stimyB4]. Platelets contain also few smakroxisomeg90

nm in diamete), which arereferredtoi n s ome p u b liciopeexisonoed s a s
because of their small size comparegdmxisomesn other cell typesThey areoxidative
organellesvith catalase activityTheir main function ishemetabolism ofery long chain

fatty acids which is donghroughbeta oxidatiorj95].

Platelets havea quite unique membrane structure, which is createthéylense tubular
system(DTS) andopen canalicular systenDTS is a closed¢hannel systenbuilt as

narrow, membranéke tubules. It consist®f a high concentration on &a which is
released during platelet activation. It is also believed to play an important role in

prostaglandin synthesis.

The open canalidar system is a complex internal network of membrane channels
connected to the outer cell membrane. The channels tunnel the interior of the platelet, and
they differ in the diameter and length. On average channels of the open canalicular system
occupy aroud 4% of platelet volume. Lipid composition of the open canalicular system is
identical to the cell membrane and also the surface glycoproteins are present at similar level

in both membranes. Its main function is to transport substances in antlaoptdelet.
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Platelets have very limited possibilities for protein synthesis, so they intake a number of
proteins from plasma, including fibrinogen. The open canalicular system also plays an
important role in releasing substances from platelets, as duringt@etjua and dense
granules fuse to the channels and release their content. Another important role of the open
canalicular system is to provideeservoir of additional membrane, which is necessary for

the platelet shape change during activation (suréaea of a fully spread platelet after

activation is nearly 4 times higher than this of a resting plgteigtire20) [96].

Figure 20. Scanning electron micrographs illustratinganges in platelet shape during
activation A: Aresting plateletB: Early spreadingof an activated plateleC: The
advancel stage ofan activated plateletD: A fully spread platel€t92]

Platelet discoid shape in the resting state is supportedidrgtubules They are situated
close to the cell wall and they ar éanfifor med b
b-tubulin, whch create together a coil. Microtubulisassemiglduring platelet activation,

which results in the shape change.
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Platelets originate from bone marrow. The process of their production is called
thrombopoiesis. They are formed by segmentation of theplagm of megakaryocytes,
which are the largest cells of the marrow. Platelet production is controllatidrynone

like substance thrombopoietin. It is believed to be a mediator, which regufatader of

platelets in blood, as it stimulates growthadégakaryocytef97, 98].

Platelets are eliminated from blooddmainway s. They mi ght be O6con
hemostasis. Others die when they reach their life span, which is d@@dags for human
platelets(different researchenseport different life span:-10 days[99], 9.5 + 0.6 days

[1000, 10 days[101 or 8 i 12 days[102). After that they are removed by

reticuloendothelial cells in spleen and liyed, 97].

5.1Hemostasis

Pl at erimary ®lé is hemostasis (also spelled haemostasis), whhesponse to
blood vessel injury and bleeding. It results in forming blood clot and stopping bleeding.

At the same timeplatelets are also responsidier a pathological condition called
thrombosis, during which a blood clot is formed insitdood vessel. This usually happens
when platelets aggregate around rapmtuagherosclerotic plagse Thrombosis causes
problems with proper blood circulation and ntigesult in heart attack and stroke.

The other important roles of platelets are modulation and maintaining inflammation,
because they aessource of pranflammatory mediators, and enhancing immune response,

because they, next to leukocytes, are involmeztbmbating microbial infection®3].

In case of injury and breakage of a blood vessel wall, platelets immediately attach to this
injured surface in a large number and then to each other to create a blood clot called
thrombus. The whole procesanbe divided into 3 main stages, however, ib@d be
mentioned, that these stages can overlap each other. The first slpelmdhesionHere
platelets get immobilized from the blood flow, as they attach to the vessel wall next to the
injury side. This triggers a signalling cascade inside imizeli platelets, which leads to

the second stagplatelet activationThe activation is mediated by tyrosine kinases and G
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protein coupled receptors. The result of this stagthesrelease of secretory granule

contents to the outer spaaehich stars the final stageaggregation of plateletsDuring

the aggregation platelets interagith each other to create procoagulant surface and

hemostatic plug.

5.1.1 Hemostasis step ladhesion

Whenthe vascular vessel is injured it exposegendothelial extracellular matrix (inner
layer of blood vessel wall, which is normally not in contact with flowing blood). This
matrix has many ligands for platelet receptors, from which the most commonly described
are: collagen (type | and Ill) and vWPlatelet adhesion depends on synergistic actions

between different receptors.

Fast <circulating platelets bind reversibly t
a part ofthe GPIb/IX/V complex. This process, called platelet tethering, slows dben t
cells and allows them to establish other interactions, like binding collagen through platelet

GPVI and U2Mgured)lecept or s

Subendothelial extracellular matrix Subendothehial extracellular matrix éE
[=9
: vWF collagen - 8
Endothelium Endothelium
GPIb-V-IX GPVI® \
Q
\ o
‘ IF alfl
Platelet

Figure 21. Schematic overview of platelet adhesion to injured blood vessel.

5.1.2 Hemostasis step 2activation

Binding collagen to its receptors in platel
phosphol i pase ( RydrdlyseSohdsphatidylinositol,5-kisphesphate to
inositol1,4,5trisphosphate () and dacylglycerol (DG)(Figure22).
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IP3 binds to its receptor BR on the membrane of DTS. R receptor is a membrane
calciumselective channel, and once activated by#Rses transfer ohlcium cations Ca

from inside of DTS to platelet cytoplasm. Lower level of Ga DTS causes relocation of

one of its transmembrane proteistromal interaction molecule 1 (STIM1) to the plasma
membrane, where it associates wttie calcium channel @il. This is followed byan
opening of the Orail channel, uptake of calcium ions from plasma and further increase of

cytosolic C&*level.

Combined action of high concentration of?Cand DG in cytoplasm causes a number of
changes in the platelet: traoshtion and activation of serine/threonine protein kinase C
(PKC); activation of PLA2, granule secretion and change in platelet shigpee20).

GPVI®
O
Q
[F alfl
\ ’
\i p’ IP3

PLCyz IP R— Caz+ DTS

PL

-
-
-

- l.n

Release of « PKC ﬁ
<

=

granule content
~ Ca?*

Figure 22. Schematic overview of platelet biochemical reactions during the first phase of
activation.

Upon platelet activation many other signals are transmitted which cause changes in
biochemicalbehaviourof nearby platelets. The final result tise activation of many

platelets and later their aggregation.

Activated PLA2 ckaves phospholipids at the sp@sition to releaspolyunsaturatedatty
acids, amongst others arachidonic acid (AA). AA is a substrate for-C@Kd it is
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transformed into prostaglandin (PG) G2 and further to PGH2, which is then converted by
thromboxane synthase to TXA2. TXA2 activaiather platelets through their membrane

TP receptor. The main effector protein deri\
which, similarly to PLC2evel(Bigute23es i ncrease |

Platelets release granule content to the extracellular space during activation. ADP is stored

in big amounts in dense granules and released upon activation. It binds to platelet

membrane receptor P2Y Thi s acti on r es ulAhosherimportaptr oduct i ¢
compound, serotonin, is also stored and released from dense granules. It is believed to bind

to SHT2Areceptor and, similarlfo ADP,and hencamplify platelet response.

T h e-gradules contain manjactors, important for platelet activation, for example
adhesive proteins. The v WF a-grdnulésjabercriticalogen, w
factors for platelet aggregatiorl. h e-gradules provide also important membrane
receptor s, a s -grarfules fuses lhe plasrea nermbrabe, and in this way
receptor s, whi ch ar e ngranutes, lare yow expdsed orl thec at e d

platelet surface.

thrombin
SC_PARI/A
ADP-._____p2y, ™
TP w \
TXA2- Y
I PIEp2==
PLA2
Release of S
granule content S
~ =

vWF fibrinogen

Figure 23. Schematic overview of platelet biochemical reactions during the second phase
of activation.
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Pl atel et activati on sl oapsdés occhiaantgeeds wint hp | saos m

are moved into the inner leaflet and P &$ are exposed in the outer leaflet. This change
creates catalytic surface for production of thrombin, which is generated on the surface of

vascular and blood cells.

Thrombin can activate other platelets through their surface PARI PAR4 receptors.

5.1.3 Hemostasis step 3aggregation

Increased level of calcium ions causes activatioguahosine triphosphat&TP) binding
protein Raplb. Raplb interaetith its adaptor molecugRIAM and talin, which results

in a protein complex. This complex changles conformation ofthe membrane integrin

ULl bb3, which after act i (Fgure2d).nA  restogprateléti n d
presents tens of thousands of the eJdnl bb3
more of these protein complexes come to the cell membrane by fusion of granule
membraned-ibrinogen,asymmatrc mol ecul e, can crosslink
and aggregate them. Under high shear (high blood flow) also VWF can bridge 2 platelets
through the activated UlIl bb3 integrin.

DG
Ca?
Rel ¢ Rapl -
elease o )

granule content \‘RIAM_' talln\ §

VWF allbf3

fibrinogen
odlbf3

Figure 24. Schematic overview platelet biochemical reactions during aggregation
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Thrombin plays also a crucial role in forming a thrombus, as its second role (next to platelet
activation through PAR receptors) is to convert soluble fibrinogen into insoluble fibrin.

This then leads taable fibrin clot formation.

5.1.4 Factors limiting platelet activation and aggregation

Thrombus growh should be limited to the site of vascular injury and there are factors,
which prevent from undesirabé®ntinuousplatelet activation and aggregation. The main
signalling moleculesin this inhibitory process argrostaglandin 12 (PGI2) (also called

prostayclin) and nitric oxide (NO).

NO originates from arginine and it is formed by oxidation of this amino acid by nitric
oxide-synthases (NOS) in the endothelial cells. It im&uesignallingmolecule, because

of its smallsize which allows i to easilydiffuse througtheplatelet cell membranéside

a platelet ibinds to the soluble guanylyl cyclase (sGC) and increases its activity. The sGC
produceghesecondary messengeyclic guanosine monophosph&t&MP).

PGI2 is also produced in the endothelial cells through oxidation of AA by-2@ixd then
prostacyclin synthase. PGI2 stimulasetenylate cyclasevhich then increasgroduction
of another secondary messengsgrclic adenosine monophosphate (CAMP)

High concentration of thesmessengers (cGMP and cAMP) influence'Qzhannels in
platelets and causa decrease in cellular concentration@#* cations,as well asadrop
in IP3 synthesisConsequentlyplatelet activation and aggregatiare reduced.

5.2CXCRT7 receptor in platelets

Platelets express on their surface severalstgbehemokinereceptor§ CXCR) among
others CXCR4 and CXCRZ7Naturalligands for these receptors are chemokipregeins
(CXCL) thatare smalkignalling proteins. Upon ligation ofGXCL proteinto a chemokine
receptor, thaeceptorsbecome activatednd mediate various cellular responsagich

depend onthetype ofreceptor as well asnthetype of ligand 103.
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Chemoknes are storedh granules in resting platelets. During platelet activation the
granulemembranduses to the cellular membrane and the vehicle content is released to the
intercellularspa@. Only thenCXCL proteinsare availabldor binding to the chemokine
receptoron theplatelet surfacerhe binding leads either to increase in platelet activation,
cell aggregation and theaateletdeath (e.g. when CXCL12 binds to CXCR4 receptor) or

to platelet survival (e.g. when CXCL12 binds to CXCRZaptor)104].

As the CXCRT7 recept@romoteslateletspro-survivalresponsend acts againgicrease
in activation, itis currently investigated as a possible néw&rapeutic targeagainst
cardiovascular diseasebhe hope is that therapeuéctivation of this receptor could lead

to reducel thrombosis in patienfd 05).
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AIM OF THE WORK

The main aim of my research performeat University of Tlbingemasto developnew
methods andnproveexisting workflows fotheanalysis of lipidsThedevelopednethods
were then applied to analydeslipidome of human plateletdly work was divided intet
main analytical projects, and f8rof them the goas wereto develop new LEMS/MS
method and theaim of the4™" partwas to improve posacquisition data processirigr
comprehensive analysis of a total cell lipidorivy research also included analysis of
several sets of real sampleglatelet pelletqcellular lipidome) and plateletreleasates
(secretory lipidome)

The aim of the first analytical project was to combine untargeted profiling with quantitative
targeted analysis. The main reason to marge these 2 analytical approaches was to obtain
maximum informé&on in one analytical run and with only one injection of each precious
biological sample. The new L-BIS/MS method was developed for analysigatfy acids

and oxylipins and it was optimized and then validated to show good sensitivity for targeted
compourms and wide coverage of other sample components.

The second study was aiming to analyse oxylipins with RPLC in a microssgadeation
Oxylipins are present in biological matricvery low concentratiosiand highly sensitive
methods are needed for their detection. The uLC combined with optimized ESI parameters
provides increasd sensitivity over conventional UHPLC methods. The new method was
developed and validated ftarge numbepf distinct oxylipins using complex biological
matrix of concentrated plasma.

The goal of the third analytical project was to develop a chiral method for separation and
guantitation of single enantiomers of oxylipins. The research included comparison of new
generation of highlyefficient sub2 e m par ti cl e chpabdolymsna amdh ar i d ¢
optimizing LGMS/MS parameters for the most promising separation.

The platelet projects aimed in broadening the knowledge about platelet activation and in
understanding the role dhe platelet CXCR7 receptor. For this reasosamples with
different invitro treatments were prepared: resting platelets, activated with thrombin and
(in case othe last projectalsotreated with a selective CXCR7 agonist (with and without
thrombin). Theplateletsamples were analysed with a general method for lipid profiling, as
well as with newly developed methods for oxylipin and FA analysis. The goal was to obtain
a comprehensiveigture of platelet lipidome and to understand biochemical pathways by
observing changes in lipids caused by different treatments.
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RESULTS AND DISCUSSION

1. Publication 1. analysis of (oxidized) fatty acids released upon platelet

activation

Simultaneous targeted and untargeted UHPLEESI-MS/MS method
with data-independent acquisition for quantification and profiling of

(oxidized) fatty acids released upon platelet activation by thnrmbin
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Figure 25. Graphical abstract for Publication |
Keywords: Intercellular platelet signalling, platelet activation, lipidomics, SWATH,

oxylipins, lipid mediators

47



Highlights

ANew combined targeted/untargetdllPLC-ESFQTORMS/MS lipidomics assay
developed.

ADataindependent acquisition with SWATH enables comprehensive profiling at MS and
MS/MS level.

AMethod for standard synthesis of ketisalogue®f hydroxylated lipids with double
bonds proposed.

AOxidized and polyunsaturated fatty acids upregulated in releasates of thrombin
activated platelets.

AOn average 13 N 7 attomols thrormdimioane rel e

Abstract

In this study, a combine@drgeted/untargeted UHPLESFQTORMS/MS method for the
targeted quantitative analysis of the primary platelet lipid mediators thromboxane B2
(TXB2), 125-hydroxy-5Z,8E,10E-heptadecatrienoic acid (HHT) and its oxidation product
12-keto-5Z,8E,10E-heptadecatenoic acid (KHT) was developed, which allowed
simultaneous untargeted profiling for the detection of other lipid biomarkers such as other
oxylipins and fatty acids (FASs) in platelet releasates. A general procedure for the synthesis
of keto-analoguedrom hydroxylated polyunsaturated FAs (PUFAS) using EMastin
periodinane oxidation reagent was proposed for the preparation of KHT standard. MS
detection was performed in data independent acquisition (DIA) mode with sequential
window acquisition of all theetical fragment ion mass spectra (SWATH) in the range of
500600 Da with wvari abl-MS/M8iassdyowas validated or theT he L C
targeted analytes and applied for analysis of supernatants derived from resting platelets and

from platelets treated witthrombin. The targeted analytes KHT, HHT and TXB2 were

found at highly elevated | evels in the acti
15 N 9, and 0.6 N 0.2 attomol s -aptieation.pl at el e
Furthermore, thesimulteanous unt argeted profiling (n = 8

oxylipins are released with a pool of other (significantly upregulated) oxidized ETZE,
12-HEPE) and notoxidized PUFAs. All these compounds can be considered additional
biomarkers of [atelet activation complementing the primary platelet activation marker
thromboxane B2. The other lipids may support platelet activation or trigger other biological

actions with some potential implications in thromboinflammation.
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1.1.Introduction

Arachidonic Acid °
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Thromboxane B2 12-0x0-5Z,8E,10E-heptadecatrienoic acid

Figure 26. Selected pathway of the arachidonic acid metabolism in platelets during their
activation[106, 107].
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Lipids play an important role in membrane integsiggnallingprocesses and procoagulant
functions of platelets. They are converted enzymatically to bioactive molecules like fatty
acids, prostaglandins and other eicosanoids;dih@yglycerol, lysophosphidic acid,
lysophospholipids and phosphatidylinositides during platelet activgtio® 108. Most
importantly, in the early phase of plaelactivation upon receiving external stimuli a
number of phospholipases are activai@@9. They cause hydrolysis of membrane
phospholipids to release free fatty acids; predominant of which are arachidonic acid (AA),
eicosapentaenoic acid (EPA) and docosahexaenoic acid (HA117). Among these

AA can be oxidized via different pathways to various bioactive products (for example
HETESs, EEF, LTB4) [113. One of the important pathways leading to platelet activation
involves cyclooxygenase (COX-1); it catalyseshe synthesis of PGG2, which is further
converted to PGH2. Thromboxane synthetase (TX8)alysesthe formation of
thromboxane A2 (TXA2) from its substrate PGHAgure 26) [106, 107]. TXA2 is an
autocrine platelet activator acting via its TP receptor following its release during platelet
activation[14]. TXA2 is a very unstable compound and is converted rapidly into TXB2
which is more stable and theref@ealysedn this form. TXA2 synthesissiaccompanied

by the formation of 18hydroxy-5Z,8E,10E-heptadecatrienoic acid (HHT) through
cleavage of malondialdehyde (MDA). TXA2 and HHT are synthesized by the same
pathways, but they have different biological activities and functions. The biological role of
HHT was unknown for a long time. Recently it waported that HHT activates BLT2
(leukotriene B(4) recepte) [114]. HHT can be further oxidizetb its keteform by 15
hydroxy-PG dehydrogenase, the product of this reaction is KHV, 115. Not much is
known about KHT function in cells. KHT has been reported recently to introduce resistance
to cancer treatment with commonly used platinum based chemotherapeutid Ab@nts

Platelet activation is a very complex process which involves many intsaelling
pathways, and both positive and negative feedback loops to regulate it. Literature widely
describes platelet communication with the external microenvironment which leads to clot
formation. TXA2 and adenosine diphosphate (ADP) are named as the mainnautocri
mediators. It is also known that intracellularly platelets produce a number of free fatty acids
and oxylipins as described abdv&, 107, 110-113. However, there is little knowledge
which of these compounds are released to the interaatfiiclee influencing other platelets

or cells in the vicinity. Several studies have reported the comprehensive characterization

of the platelet lipidome, however, they focused primarily on the cellular lipidome of
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isolated platelet pelle{g7, 86, 117, 118. The releasate obtained upon platelet activation

is also of physiological significance due to their potential action on other cells and platelets
themselvesHowever the lipids, in particidr (oxidized) fatty acids, released by platelets
have rarely been profiled with newer analytical technologies in a more comprehensive
manner, which addressed in owork. Very recently, vesicles from stored platelet
concentrates which were supposed to sedifor therapeutic purposes have baealysed
regarding changes in lipid profiles and lipid mediators during stdfed#. Such studies

are of vital importance in the context of transfusion medicine. Further characterization of
platelet derived lipids are needed which might influence their physiological function and

efficacy when platelets or platelet lysates are used as therapeutics.

From analytical perspective, early research on oxylipins has usually been performed with
GC-MS method as e.g. reported for HHT and KHR(Q. Nowadays, oxylipins including

TXB2 are usuallyanalysedby targeted assays with triple quadrupole instruments or
guadrupoldinear ion trap (QTRAP) instruemts using selective reaction monitoring
(SRM) acquisition[12, 77, 108 121-124]. These assays are highly sensitive, have wide
linear range and are robust. However, the targeted analytes need to be known in advance
and the selective SRM transitions programmed prior data acquisition. As a consequence,
valuable ifiormation may be missed if lipids undergoing significant regulation are not on

the target list.

For this reason, comprehensive lipidomics profiling methods by high resetutisa
spectrometry (FAICR-MS, Orbitrap and QTOF instruments) with direct infus{shotgun
lipidomics)[77, 125 and hyphenated to liquid chmatography in product ion acquisition
mode (known as MRNR or PRM) [88, 126, data dependeriB4, 127-129 and data
independent acquisition modgsas, 86, 130-133, respectively, are becoming more and
more of interest for such biomedical research on lipids. MRRRM provides
comprehensive profiling at MS level through an MS survey scan followed by targeted
acquisition of product ions with narrow precursor isolation windows for selected lipids. It,
therefore, does not provide a comprehensive picture at the M@WE For this reason,
untargeted lipidomics mostly uses information dependent acquisition (IDA; synonymous
for DDA) in which only the most abundant species are triggered for fragmentation. Hence,
MS/MS data are of confirmative nature only and may notJadable for all detected

precursors. MS/MS chromatograms of fragment ions, on the other hand, cannot be
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extracted. DIA, by sharp contrast, acquires comprehensive MS and MS/MS data which
allows extraction of EICs for fragment ions as well. It can be pmaddrwith broad band
isolation of precursors (MS AIF) or in a stepwise manner with intermediate sized
windows (sequential window acquisition of all fragment ion mass spectra, SWATH). The
latter should be advantageous in terms of assay specificity comfmarfedmer DIA

approaches.

DIA with SWATH used herein fills the gap between targeted assays and comprehensive
profiling by combining these two acquisition mod&80 131]. In this paper a new L.C
MS/MS method based on DIA with SWATH is presented for the quantitative analysis of
the major lipid mediators of platelet activation TXB2, HHT, and its oxidation product KHT

in platelet supernatants (releasatehich is until now a poorly described matrix. The
supernatants are derived from resting and throrabiivated human platelets. The current
investigation also aimed to explore other lipid biomarkers of the fatty acid class are
potentially regulated and essed upon thrombin activation and for this untargeted
scientific objective a DIA method with SWATH covering the mass range from 50 to 500
Da was devised. It has the potential of simultaneous untargeted profiling of other oxylipins
and fatty acids in thelgtelet derived supernatant samples. A new efficient synthesis
procedure for the preparation of KHT lipid standard, applicable to othefd&facids as

well, is presented here. The uniqueness of the new combined targeted/untargeted LC

MS/MS assay areistussed in detail.

1.2. Materials and methods

1.2.1. Materials

The standard substances SA®droxy-5Z,8E,10E-heptadecatrienoic acid (HHT),
thromboxane B2 (TXB2), 58Z,117,147-eicosatetraenoib,6,8,9,11,12,14,188 acid
(deuterated arachidonic aci&A-d8), (42,7Z,10Z,137)-hexadecat,7,10,13tetraenoie
15,15',16,16,14l5 acid (HTEd5), 9oxo-11a,155dihydroxy-prosta5Z,13E-dien1-oic-
3,3,4,4d4 acid (deuterated prostaglandin E2, P@EB? and $11,15trihydroxy-
thromboxab5Z,13E-dien1-oic-3,3,4,4d4 acid (deuterated thromboxane B2, TXB2)
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were purchased from Cayman Chemical (Ann Arbor, MI, USA). The standards
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10rdhadecadeuteriodecanoic  acid  (deuterated
decanoic acid: C10:819) and undecanoic acid (C11:0) wimm Merck (Sigma Aldrich)
(Munich, Germany) (for structures of internal standards seeSalppl. Materiad Figure

34). If not stated otherwise, the shorthand notation for lipids suggested by Liebisch et al.
from ref. [7] was applied. LEMS-grade solvents (acetonitrile, ACN:@2opanol, IPA,;
methanol, MeOH) were obtained from Carl Roth (Karlsruhe, Germany). Dichloromethane
(DCM) GC gradewas purchased from Carl Roth. Methgtt-butylether (MTBE), Dess
Martin periodinane, ammonium acetate, citric acid, glucose, sodium chloride were from
Sigma Aldrich, sodium bicarbonate, potassium chloride from Merck, and sodium citrate
from AppliChem (Damstadt, Germany). Ultrapure water for IMS was produced by
Elga Purelab Ultra (Celle, Germany).

Blood from healthy donors were used to isolate the platelets for the study and collected at
the Department of Cardiology and Angiology in accordance witlcatguidelines.

1.2.2. Synthesis of KHT

12-Keto-5Z,8E,10E-heptadecatrienoic acid (KHT) was synthesized from HHT following
the DessMartin procedurg134. 5 pL of C11:0 fatty acid internal standard (10 pgL

in MeOH) was placed in a 300 pL glass micro vial. Then, 5uL of HHT solution (0.1 mg
mL2in EtOH) was added. MeOH aflOH were evaporated under a gentle streamzof N

60 uL of DCM and 15 uL of DesMartin reagent solution (0.3 M in DCM) were added.
After 5 min, the mixture was transferred to a 1.5 mL glass vial. DCM was evaporated under
a stream of hand the residue wakssolved in 1000 pL of MeOH. The sample was filtered
through a 0.2 um syringe membrane filter and placed in an autosampler vial. The resultant
stock solution had a concentration of 0.45 + 0.03 pgtwflKHT (see Supplmateriab -
Sectionl.5.2for more details).

1.2.3. Sample preparation
1.2.3.1Platelet isolation and separation of platelet supernatant (releasate)

Blood from 8 healthy donors was collected in 2 batches (each with 4 donors). The blood

was collected in aciditrate dextrose (ACD) buffeas anticoagular{fiL2.5 g sodium citrate,
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6.82 g of citric acid, 10 g glucose, 500 mL distilled water, adjusted th¢fHwith NaOH)

(40 mL in total ACD anticoagulant:blood 1:4, Wand then centrifuged (430xg for 20 min
without acceleration and deceleration). Obtained platelet plasma was mixed with
TyrodesHEPES buffer (2.5 mM HEPES, 150 mM NaCl, 1mM KCI, 2.5 mdHCG;,

0.36 mM NaHPQ, 5.5 mM glucose, 1 mg miBSA, pH 6.5) and centrifuged (900 x g

for 10 min without acceleration and deceleration). The platelet pellet veaspended in

PBS supplemented with calcium and divided into aliquots (with 3®yplb@dets in each

one) for individual experimental treatments. One of the aliquots was activated with platelet
activating stimulus thrombirdéfined aghrombin activated platelets in this manuscyipt

A final concentration 00.1 U mL? of thrombin was used and the sample was kept for 15
min at room temperature. In another experimental set platdéftadd asesting platelets

in this manuscriptwere kept untreated. At the end of the treatment period, the samples
were centrifuged (558 g, 5 min at 4°C) in a microcentrifuge tube. The supernatants were
separated from the platelet pellets by careful aspiration without touching the platelet pellet

[135 and used for lipid extraction

1.2.3.2Lipid extraction

Platelet supernatant was divided into 2 aliquots and to ahemwf4 pL of internal standard
solution (C10:6d19, TXB2d4, PGE2d4, HTEd5, AA-d8, 3 ug mLtof each compound

in MeOH) were added at a final concentration of 120 ngtwiLeach internal standard.
Then, 750 pL of MeOH and 2.5 mL of MTBE were added. Sasplere vortexed and left

for 1h at room temperature. Next, 625 pL of water was added and the samples were
centrifuged (3,500 x g, 10 min without acceleration and deceleration). The upper phase was
collected and the lower phase wasertracted with 1 mL fbthe upper phase of the
following mixture: MTBE/MeOH/HO (10:3:2.5; v/viv). The samples were centrifuged
again. The upper phases were combined and dried with an EZ2 evaporator from GeneVac
(Ipswich, UK) under nitrogen protection. The residues were disdaiv100 pL of MeOH

and stored a20°C before analysid.36.

1.2.3.3Preparation of solutions for calibration and method validation

Matrix-matched calibration was performed. Thus, calibrants were prepared by spiking

blank matrix (supernatant fromesting plateletswith different concentrations of the four
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analytes (10 to 200 ng . 7 levels). Internal standards were added at theesam
concentrations as in the samplé2(3.9. Three quality control samples for the targeted
analysis (Q@ (QG low, QG mid and Q&high) were prepared in the same way, but the
analyte concentrations were equal to 10, 30 and 180 ng @ulibrants and QGamples
were processed like the samples, i.e. by lipid extraction with MTBE and MeOH, as

described above in sectidri2.3.2

Three sets of calibrants were prepared to determine extraction recovery, matrix effect and
process efficiency137]: pre-extraction spiked matrix (calibration set 1), pestraction
spiked matrix (calibration set 2) and spiked MeOH (calibration set 3). The first set
(calibration set 1) was prepared the same waha®QC samples, but the concentration
levels of the analytes were equal to 40, 80, 160 and 200 rigant the internal standards:
each at 120 ng mbk To prepare the second set (calibration set 2), 400 pL of resting platelet
supernatant was used fopill extraction (neither analytes nor internal standards were
spiked into the matrix). After lipid extraction (procedure describdd4r8.3, the resultant

lipid extract was divided into aliquots and then spiked with analytes at four different
concentrations (40, 80, 160 and 200 ng*nand internal standards were added at equal
concentrations (120 ng ). In the third set (calibration set 3), MeOH was spiked with
internal standards (120 ng MLand analytes (40, 80, 160 and 200 ng*niMethanol
solutions of different concentrations (1 ng ¥tb 10 pug mkE* for KHT and 1 ngnLto

80 pg mLt for HHT and TXB2) were prepared to check for detector linearity range and

instrument detection limits.

A QC sample for untargeted analysis (P®@as obtained by mixing equal volumes of each

platelet supernatant extract (internal staddaoncentration: 120 ng ritleach).

1.2.4. UHPLC-ESI-QTOF-MS/MS method

UHPLC-ESFQTORMS/MS analysis was performed on an Agilent 1290 Infinity binary
UHPLC system (Agilent, Waldbronn, Germany) coupled to the HPAIX xt DLW
autosampler (CTC Analytics AG, Switzerland) and the SCIEX TripleTOF 5600+ mass
spectrometer with DuoSpraSource (SCIEX, Ontario, Canada). An ACQUITY UPLC
CSH C18 <column (di mensions: 100 mm 1 2.
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Corporation, Millford, MA, USA) with precolumn (1.7 pum, 5 mm x 2.1 mm) was used for
chromatographic separation. The solvent A wgseous 9.5 mM ammonium acetate and
the solvent B was a mixture of IPA, ACN and water (10:10:1; v/v/v) containing 9.5 mM
ammonium acetate. The following gradient was u#ieel:method started with 10% of B
rising to 20% B in 1 min, then to 40% B in the @lling 8 min; next it increased to 100%

B in 7 min followed by a 2 min hold at 100% B and finally 2 miecgiilibration with 10%

B. The flow rate was 600 pL nifrand the oven temperature was set to 60°C. The injection

volume was 3 pL.

The MS platformwas used in thenegative ion mode with ion spray voltage equalo

-4500 V and the source temperature set to 500°C. Curtain gas, nebulizer gas and heater gas
pressureswere used at 3050, 40 psi, respectivelyDeclustering potentialvas equal to

-80 V. For datandependent MS/MS acquisition SWATH windows in high sensitivity
mode were applied with cycle time equal to 780 freb(e5). The data were processed

with PeakView and MultiQuant 3.0 (Sciex, Ontario, Canada) (targeted analysis) and MS
DIAL (ver. 2.84) (RIKEN Center for Sustainable Resource Science, Yokohama, Japan)
[13]] (untargeted analysis).

Table5. TORMS experiment and SWATH windows (with their m/z range, accumulation
time and collision energy) used for MS analysis.

Acc. Acc.
Exper Scan Start Stop Time CE Exper Scan Start | Stop Time CE
iment Type iment Type
m/z m/z [ms] V] m/z m/z | [ms] V]
1 TOFRMS 50 1000 50 -10 11 SWATH 280 291 20 -20 ++5

N

SWATH 50 170 20 -20 ++5 12 SWATH 290 302 20 -20 ++5

SWATH 169 200 20 -20 ++5 13 SWATH 301 306 80 -20 +£5

| W

SWATH 199 216 20 -20 ++5 14 SWATH 305 320 20 -20+/-5

(&)

SWATH 215 231 20 -20 +£5 15 SWATH 319 335 20 -20 +£5

6 SWATH 230 246 20 -20 ++5 16 SWATH 334 350 20 -20 +£5

7 SWATH 245 250 80 -20 ++5 17 SWATH 349 354 80 -20 +£5

8 SWATH 249 263 20 -20 ++5 18 SWATH 353 367 20 -20 +£5

9 SWATH 262 277 20 -20 ++5 19 SWATH 366 371 80 -20 +£5

10 SWATH 276 281 80 -20 ++5 20 SWATH 370 500 20 -20 +£5
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1.2.5. Validation of quantitative analysis of KHT, HHT and TXB2

Method validation was performed in accordance to the guideline of the U.S. Food and Drug
Administration (FDA)[138 and the procedure of Matuszewski and coworké@s].
Linearity, limit of detection (LOD), lower limit of quantification (LOQ), intessay and
inter-day precision and accuracy, matrix effect, extoscrecovery, process efficiency and
compound stability were investigated.

LOD was determined as the lowest measured concentration, for which-tsigicage

(S/N) ratio was equal or higher than 3 (6 replicates) and similarly LOQ was equal to the
concentation for which the S/N ratio was equal or higher than 10 (6 replicates). Accuracy
and precision were determined with the 3;&@nples of known concentration of analytes

measured repetitively within 3 consecutive days (6 times each day).

To determine exaction recoverypeak areaef prespiked samples to pespiked samples

were calculated for each concentration. The mean value in percentages was given as the
extraction recovery. Similarly, matrix effect was established by comparison of peak areas
from postspiked matrix samples with spiked methanol, and the overall process efficiency

was calculated from the peak aseéprespiked matrix and spiked MeOH.

The stability of the target compounds during standard laboratory procedures was
determined. Four types of stability wemealysedi) long-term storage stability (blank
matrix was spiked with analytes at 2 levels and store80&C for 6 months); ii) fres=

thaw stability (2 spiked blank matrix samples were store802C for 24h and during this

time they were 3 times frozen and unfrozen); iii) betoghstability (2 spiked blank matrix
samples were kept at room temperature for 6h); and iv) processek saafyility i.e. of

the lipid extract (see below). All these samples (except for the processed samples) were
analysedy the UHPLCESFQTORMS/MS method and compared with freshly prepared
QCs. In the end, the fresh QCs were left for 24h in autosampl€) (4° determine

processed sample stability

1.2.6. UHPLC-MS/MS analysis of samples

Samples weranalysedin 2 batches as explained in paragrdpgh3.1. The order was

randomized. QEwasanalysed3 times directly before the samples from each set and 3
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times directly after each set. For quantitative analysis a set of calibration samples was run
before the real samples. Q@ different levels) run before the calibration set, then after it

(before he samples) and the third time after the real samples.

1.2.7. Data analysis

Quantitative analysis was based on area ratios of fragment ion EICs of target analytes to
precursor ion EICs of internal standardsaf§le 6). All the EICs (both fragment and
precursor ions; for MS/MS spectra see Suppl. Matekajure 36 and Figure 37) were
extracted from the respective SWATH windows (includingititernal standards) with the
accuracy window of + 10 mDa. Quantitative analysis was performed using MultiQuant 3.0
software with the following parameters: baseline subtraction, 2 min; Gaussian smoothing,
1 point (2 points for TXB2 and TXB#&4); peak spliihg, 2 points (6 points for TXB2 and
TXB2-d4). For further quantification the following software packages were utilized: SPSS
Statistics 23 (IBM, Armonk, NY, USA) and Excel 2007 (Microsoft, Redmond, WA, USA).
Untargeted analysis was performed with d8AL [131] (for details on MSDIAL
parameters used for untargeted profiling see Suppl. Ma&edtiorl.5.9.1), MultiQuant

3.0 and R (version i386 3.4.R-project for statistical computing) and SIMGA+ 12.0
(Umetrics, Sartorius AG, Gottingen, Germany).

Table6. Analysis of targeted compounds.

Precursor SWATH Fragment chosen
Ion  jonmass windowrange for quantification  nternal
— " species standard
Compound m/z m/z m/z
HHT [M-H]- 279.1965 276- 281 179.1078 PGE2d4
Analytes KHT [M-H]- 277.1809 276- 281 233.1915 PGE2d4
TXB2 [M-H]- 369.2283 366- 371 169.0870 TXB2-d4
Internal PGE2d4 [M-H]- 355.2428 353- 367 precursor* -
standards TXB2-d4 [M-H]- 373.2534 370-500 precursor* -

*Precursor ions were still present iSWATH windows (because of incomplete
fragmentation at given CE) and they were used for quantification.
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1.3. Results and discussion
1.3.1. Synthesis of KHT

The targeted compound KHT was not commercially available and was therefore
synthesized by mild oxidation of commercially available HHT. The D&sin oxidation

was selected for this purpose. The reaction scheme is depicteiie27.

o
. COOH o — COOH
P >‘CH3 CHa A
S * I—0 — _ + 2 HO—( + |
CH3 /\ CHs \
Y s )} 0 0 o]
H o‘{ \ﬁ
OH

o)
CH, HaC HsC

o

Figure 27. Reaction scheme for the synthesis of KHT

This oxidation reaction makes use of the Disstin reagent, periodinane (1,1,1
triacetoxyl,1-dihydro-1,2-benziodoxol3(1H)-one), which selectively oxidizes secondary
hydroxyl groups to ketones or primary alcohols to aldehydes. It does not affect double
bonds and reacts quantitatively under mild conditions. The reaction is fast at room
temperature and consequently the sensitive polyunsaturated fatty acid educt and product

are not exposed to extreme conditiph34].

Since the reaction was quantitative (Seppl.materiak Sectionl.5.2for detail9, the KHT
solution was used as prepared without further chromatographic isolation and purification
of KHT to avoid further loss of the minute quantities of KHT available. Aftentiizive
reaction, the excess of the reagent, however, was quenched with methanol, in order to avoid
oxidation of other analytes when KHT solution was used to prepare mixed calibrants. The
sample with the reaction product wasalysedoy UHPLGESFQTORMS/MS in IDA

mode to verify quantitative conversion, absence of HHT and to get clean MS/MS spectra
for structural verification of the reaction product i.e. of KHT. Product formation was
confirmed by accurate mass and isotope pattern of the precursor-idii [Bkperimental

m/z 277.1810; theoreticain/z 277.1809, error: 0.36 ppm) as well as by the MS/MS
spectrum Figure28). Only minute quantity of HHT and no significant side products were

detected in the reaction mixture, and thus it was confirmed that KHT was obtained in
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guantitative yields (98.4% yield). THi@al concentration of KHT was calculated as 0.45 £

0.03 pg mL* (seeSuppl.materiak Section1.5.2).

® Fragmentation spectrum of HHT i 279.1966
e Fragmentation spectrum of KHT o on
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Figure 28. Comparison of fragmentations by MS/MS spectra of purchased HHT (blue, top)
and synthesized KHT (red, bottom) acquired by IDA; bolded patrafture symbolizes
fragment ion and nebolded: the loss.

The resultant MS/MS spectrum of KHT was compared to the one of Higlré28) in

order to fgure out which of the KHT signals is the most suitable one for specific
guantitative analysis being sufficiently sensitive. Tentative structural assignments of
fragments are indicated Figure28 (details se&uppl.materiak Table10). The precursor

ion of KHT shows a 2 Da mass shift compared to the educt HHT, as expected. Some of the
fragments can be explained by ketool tautomerism of KHT of which the one witin'z
1391128 is characteristic for KHT and was not observed in HHT.

1.3.2. LC-MS/MS method

Supernatants collected from experiments in which platelets were either kept under resting

conditions or activated with thrombin stimulus were used as sampledfitoent two
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phase lipid extraction with MTBE (Matyash) proto¢d86, 139. Internal standards were
added before extraction to compensate for loss in the course of the extraction procedure
and for instrument variances. The upper organic phase (MTBE) was collected, evaporated
and reconstituted in MeOH for UHPEESIQTOFRMS/MS analysis.

Special attention had to be paid to the development of a selective LC method. Oxylipins
released by platelets may consist of a number of isomers (e.g. HETE) and isotopic
interferences due to M+2 isotopologues of compounds witdditional double bond or
keto/hydroxy pairs may challenge assay specificity. In the current targeted assay for HHT
and KHT the M+2 isotopologue of KHT ([M]" + 2 Da) may interfere with HHT
guantitation based on precursor ion. Similarly, the HHT fragmattit m/z179.1078 is
found to a minor extent in the KHT spectrum as well. Hence, chromatographic separation
is recommended. Furthermore, more polar oxidized fatty acids must be sufficiently retained

in order not to elute too close wvthere quantitativanalysis is error prone.

Under these considerations, a selective RPLC method was developed. Two columns,
Acquity UPLC CSH C18 1.7 um and Kinetex C8 2.6 um were evaluated with two different
additives to the mobile phase (ammonium formate and ammoniumegcata different
(acetonitrile) gradient conditions were tested Seppl.materiak Sectionl.5.5for more
details). The CSH C18 column was finally chosen becafséetter peak shape.
Ammonium acetate provided better sensitivity. With the final optimized method, as
described in chaptdr.2.4., KHT and HHT were fully baseline resolved (resolution equal

to 1.9) in the second gradient step (260%B in 8 min) Figure29, insert). Furthermore,

TXB2 and other oxidized fatty acids were sufficiently retained. Unlike the other targets
and (oxidized) fatty acids, ¢hTXB2 peak is relatively broad, because of interconversion

between its two hemiacetal forms that give slightly different retention {ibdék.

MS detection was performed by EQTOFRMS/MS in dataindependent acquisition mode
with SWATH. The SWATH design is shownTrable5. Each MS cycle consisted of a full
scan MS experiment (TOGMS) over a mass range wi/’z50-1000 followed by a series of
MS/MS experiments with intermediate wide, variable Q1 precursor isolatindows
sequentially stepped through the mass range/o50-500. In the mass range betwesfz

169 and 395 (in which most of the common fatty acids and oxylipins were expected)

narrower windows were chosen. For the three target compounds (HHT, KHIX&®],
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which were accurately quantified, the SWATH windows were narrowed down to 5 Da Q1
isolation width to increase assay selectiigf], on the one hand, and to improve
sensitivity through extendedccumulation times (80 instead of 20 ms), on the other.
Collision energies, which could be customized for each SWATH window as well, were
adjusted generally 20 V with a collision energy spread (CESY&fV. For other targets

this MS method can be egsadjusted through changes in SWATH window sizes and
accumulation times to lower detection limits of these particular compounds. A total cycle

time of B0 ms ensured enough data points across the chromatographic peaks for accurate

guantitation.

@ HHT: m/z 179.107 +/- 0.010
@ KHT: m/z 233.191 +/- 0.010
@ TXB2: m/z 169.087 +/- 0.010 Da
KHT/7.59

100% T T
]TXB2/3.23 HHT/7.83

KHT /7.59 HHT/7.83

50% 1 80% |

60% 1

% Intensity

40% 1

20% 1

0%

1 5 10 15
Time, min

Figure 29. Chromatogram of the targeted compounds (EICs of their specific fragments
extracted from their respective SWATH windows). Dotted line shows changes in mobile
phase (percentage of B). Zoom in clearly showd#seline separation of HHT and KHT.

1.3.3. Peculiarities and potential of SWATH acquisition

The above described DIA with SWATH provides, besigesursor ion information from
MS experiments, also fullgpomprehensive MS/MS data for the seleat@drange across
theentire chromatogram and for all samples. This digital map of preamdg@roduct ions

makes it possible to select p@stquisitionthe most appropriate signals for quantitative
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analysis by dteriasuch as sensitivity and assay specificity. For detected analytes, peak
group chromatograms can be extracted from the respective SWilkidldw whereby the
individual EICs of the peak group result fraecorded unfragmented precursor ion and
fragmentons, agxemplified inFigure30for KHT. As a consequence, there is a possibility

to quantify compounds using their precursor (from MS or MS/MS experiment) or fragment
ions. Since all signals are available throughout all samples, other signals can be used for
crossvalidation (of assagpecificity). Oftentimes, interferences with other compounds and

the noise level can be minimized with carefully chosen fragment ion.

Precursor ion

A 277.1810 B
2300 3.0e4
233.1909
2000 {113.0982
2 2
‘© »
c c
o g
c £
1000 139.1132
107.0877
135.1186
179.1435
Time
C120 200 280 e
7.52 7.60 7.68 [min]

m/z

Figure 30. A: KHT MS/MS spectrunB: Peak group chromatogram as obtained by EICs
of differentfragments extracted from the SWATH window with KHT precursor ion,
colours match the fragment masses in the fragmentation spectm in

For all the targeted compounds EICs of precursor peaks and abundant fragment peaks were
compared to find out theost sensitive ion trace with adequate assay selectivity, being
devoid of potential interferences. First, the EICs, which showed the lowest interference
level, were chosen. Then, the collision energy was adjusted for gaining the highest intensity
of the sgnal. In each cas€0 + 5 V showed good results for the targeted compounds. This
energy was applied to all the SWATH windows as it provided good fragmentation spectra

of oxylipins, however, fatty acids remained mostly unfragmented.
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Figure 31 demonstrates as an example the improved sensitivity when quantification was
based on properly selected fragment ion EIC. The chromatogrdfigume 31A was
obtained by extraction of the KHT precursor ion wittiz 277.1809 from the TOMS
experiment Experiment ITable5). In spite of the high signal intensity an unfavorable
signatto-noise (S/N) ratio of 3.5 (as calculated by PeakView software) resulted M$his
experiment due to a high noise level. When the EIC of the same precursofzimas
extracted from the respective SWATH windolable5, experiment0), S/N increased to

22 (Figure 31B). The accumulation time was increased in the corresponding SWATH
MS/MS experiment compared to TOFS run @0vs. 50 ms). However, since sensitivity
increases roughly proportional to the accumulation time, as shown ¢@Hiethe rise in

S/N by a factor of 6 cannot be fully explained by the factor 1.6 increase in accumulation
time alone. Further increase in S/N (to 49) can be obtained by extraction of the EIC by use
of the characteristic fragment ion of KHT witt'z233.190%rom the respective SWATH
window (Figure 31C). When Q1 precursor isolation is restricted to a small range, less
background ions arrive at the detectorMS/MS mode and the lower noise level may
contribute to a better S/N rat{dor more examples se8uppl. materiak Figure 43 and
Figure44).

1.60e3] A 7.68 1B e 7.71
7.71 ]
8.0e2 1
S/N: 3.5 | S/N:22 S/N: 49
g 8.0e2 2.5¢2°
= 4.062-
0- ; A ' 0 . . v O-AMMMAA&C

/ 'I'img[min]9 ! Timg[min] o ! TimeS[min]
Figure 31. EIC chromatograms extracted from the same run (matrix spiked with KHT in
the concentration 15 ng ml). A: EIC of precursor ion (m/z 277.181) extracted from TOF
MS experimentB: EIC of precursor ion (m/z 277.181 extracted from the respective

SWATH windowand C: EIC of fragment ion (m/z 233.191) extracted from the SWATH
window (i.e. MS/MS experiment).
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This example demonstrates the advantage of quantification by SWAIMS (as
compared to TOMS). In this study, the targeted compounds HHT, KHT and TXB&
guantified based on fragment ion EIGglle6) mainly for the reason of higher sensitivity

and lower limits of detection, respectively.

1.3.4. Validation of quantitative analysis of targets

Assay specificity, LOD, LOQ, linearity, intrassay and intedlay accuracy and precision

as well as stability were validated for the three targeted compounds following largely the
FDA guideline [13§. Extraction recovery and matrix effects were investigated in
accordance to the protocol suggested by Matuszewski and cowpikdfs As blank
matrix, a pool of the supernatants from rammivated resting platelets, in which the targeted
compounds were not detected, was used. Matakched calibrants and glity controls

were prepared from this blank matrix. The results of method validation are summarized in
Table7.

609 A1: HHT 501 B1: KHT 501 C1: TXB2
501 in blank 404 in blank 404 in blank
> 40 z z
@ i 30 A : 304
3 30 3 3
E £ 204 £ 20 1
20
0- 0 - - 0 ey A - - -
7 8 9 7 8 9 1.0 20 30 40 50
Time, min Time, min Time, min
400 \ 500 7 B 400 1
A2: HHT 7.9 7.7 B2: KHT C2: TXB2 33
at LO 400 1 at LO at LO
300 Q Q 300 1 Q
2 = 300 oy
%] w w
5] 200 i 8 200 1
= = 200 1 =
100 100 4 100
0 et 0 - S CV | PP 0 ey - . - :
7 8 9 7 8 9 10 20 30 40 50
Time, min Time, min Time, min
304 { A3:HHT in] 79 500 A 77 B3:KHTin 15000 71 €3: TXB2in [|33
a sample 400 1 a sample a sample
> z = 10000 {
= 2 4 = =
2 © 2 300 1 3
2 i) 2L
= £ 200 1 =
1ed 5000 1
Sl
0e0 - 0 = A 0 . -
7 8 9 7 8 9 10 20 30 40 50
Time, min Time, min Time, min

Figure 32. Chromatograms of the targeted compounds. EICs as givéalle6. Row 1
(A1, B1, C1): matrix; Row 2 A2, B2, C2): matrix spiked with analytes at LOQ level. Row
3 (A3, B3, C3): an example of a real sample (thromitieated from donor 3) (note, S/N
as calculated with PeakView).
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Table7. Summary of validation.

Briefly, assay specificity was evaluated &yalysingblank matrix (platelet supernatants)

from three different donors, checking for absence of signals in the ion traces of the target
analytes and internal standards. Furthermore, absence of analyte signals in internal
standards and signals from internal gtandls in analytes was verified as well. As all signals

(EICs of precursor and fragment ions) were recorded comprehensively during method

Analyte HHT KHT TXB2
LOD UM 0.0036 0.0036 0.0027
LOQ UM 0.036 0.036 0.027
linearity range UM 0.036- 45 0.036i 28.7 0.027i 10.8
(determined in MeOH) r 0.997 0.998 0.998
calibration range UM 0.036i 0.72 0.036-0.72 0.027i 0.54
welghting: 1% r 0.996 0.994 0.994| 0.992  0.994 0.993| 0.993 0.991 0.989
QClow | 109.7 101.8 89.4 | 102.2 1089 828 | 111.4 99.6 1102
Within-run accuracy [%]| QC mid | 98.4 101.3 87.0 | 952 101.6 96.8 | 102.3 103.2| 109.3
QC high| 985 | 1016 95.0 | 95.8 | 1026 | 99.3 | 923 | 954 | 87.0
QClow | 427 | 1085 6.39 | 1446 9.95 | 254 | 590 | 11.92 3.25
Within-run precision [%] | QC mid | 7.10 9.84 156 | 865  10.11 4.28 | 8.93  10.08 2.94
QC high| 1099 | 6.25 | 7.87 | 10.67 | 8.24 | 825 | 863 = 9.07 | 4.63
QC low 100.3 98.0 107.1
Between (r;ns accurac QC mid 956 979 1049
%] QC high 98.4 99.2 91.6
. QC low 8.33 11.31 4.95
Between [;Jns precision QC mid 629 P 206
%] QC high 2.75 2.90 3.78
Matrix effect [%] 108.6 108.4 101.2
Extraction recovery [%0] 95.2 96.4 76.9
Process Efficiency [%] 102.9 104.0 77.2
Long storage stability | QC low 1133 102.9 932
- accuracy [%] QC high 94.0 92.8 92.4
Freezethaw stability | QC low 116.2 112.6 94.2
- accuracy [%)] QC high 80.4 1106 1115
Benchtop stability | Q€ oW 104.5 84.0 801
- accuracy [%] QC high 85.7 109.7 99.4
Processed sample stabilj Q€ low 111.2 1195 1198
- accuracy [%] QC high 1115 108.2 110.0
dayl| day2| day3| dayl| day2| day3| day1l| day2| day3
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validation and sample analysis, assay specificity could be verified by internal cross
validation of the results usingher ion signals for calculation of the quantitative results
[75]. LODs and LOQs were determined as 1 and 10 ng,méspectively, for all three
targeted cmpounds. Matrixmatched calibrants were prepared from blank matrix
(supernatants of resting platelets) with spiking levels of targeted analytes in the range
between 10 ng ntand 200 ng mt (Figure 32). Calibrants with higher concentrations
were not prepared because there was not enough blank matrix available. The entire linearity
range was established by standard solutions of the targigtemin methanol. As can be
seen fronTable7, the detector response was linear over a much wider concentration range
(ca. 3 orders of magnitude). tatassay and intedlay accuracy (determined as % recovery)
and precision (measured as % RSD) fulfilled the FDA acceptance criteria for bioanalytical
method validation. The matrix effects, as determined from the response ratios of calibration
set 2 dividedby calibration set 3 x 100 [%], were acceptable (mean values ranged between
101% and 108%). Extraction recoveries were determined from the response ratios of
calibration set 1 divided by calibration set 2 x 100 [%]. They were above 90% for HHT
and KHT, and77% forTXB2. Process efficiency, as calculated from the response ratios of
calibration set 1 divided by calibration set 3 x 100 [%], ranged between 77 and 104 %.
Stability tests showed that the compounds are sufficiently stable under the standard

laborabry proceduresTable?).

1.3.5. Results of quantitative analysis of HHT, KHT and TXB2

The validated combined targeted/untargetedMlE/MS assay wittSWATH was applied

to samples of supernatants from resting platelets-@atimated controls) and thrombin
activated platelet supernatant samples of 8 donors. Threschirated platelet samples

were prepared at two dilution levels (without dilution andteéidl 20 times) because of the
expected high concentration of some analytes exceeding the calibration range. All samples

were measured in triplicates and the results are summariZedlie8.

The target analytes could not be detected (< LOD) or the concentration was very small (<
LOQ) in the samples from resting platelets which indicates that no accidental activation of
platelets occurred during sample preparation. On contrary, in the thrawctbated

pl atelet supernatants high concentration
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were found, corresponding to release of abed® attomol per platelet. KHT was present
in all cases at much lower concentrations (20 to-f8@D lower concetrations) in the

supernatants of the thromkactivated platelet samples.

Table 8. Quantitative analysis of targeted compounds. Data shown as molar
concentrations in supernatant and as average release (in mol) pelatedet (n = 8 in
each group).

TXB2 HHT KHT

Amount + st. dev. Amount + st. dev. Amount + st. dev.

o) o Caatel o St

LOD =0.0027  LOD=0.018 | LOD =0.0036 LOD=0.024 | LOD=3.6 | LOD=0.024

Donor | LoQ=0027 | LOQ=0.180 | LOQ=0.036  LOQ=024 | LOQ=36 | LOQ=0.24
1 <LOD <LOD <LOD
% 2 <LOD <LOD <LOD
% 3 <LOD <LOD <LOD
= 4 < LOD <LOD <LOD
2 5 <LOQ <LOQ <LOD
g 6 <LOD <LOD <LOD
@ 7 <LOQ <LOD <LOD
8 <LOQ <LOD <LOD

1 1.71+0.10 11.4+0.7 2.04 +0.18 13.6+1.2 69.0£4.0 | 0.460+0.026

2 2 3.31+0.24 221+1.6 4.43+0.64 29.6 +4.3 55.7+0.7 | 0.371+0.005
§ @ 3 0.66 +0.05 44+03 1.00 +0.06 6.7 £0.4 <LOQ

*: % 4 1.43+0.16 9.5+1.0 1.53 £0.20 10.2 +1.3 93.0+7.2 | 0.620+0.048
8 5 1.90 +0.23 127+15 1.90 +0.18 127+11 <LOQ
g o 6 <LOQ < LOD <LOQ

= 7 3.13+0.25 208+17 3.67+0.38 244+25 | 1225+75| 0.817+0.050
8 1.04 +0.11 7.0+07 1.19+0.15 7.9+1.0 <LOQ

1.3.6. Results of simultaneous untargeted profiling

In this study, the data from 16 platelet supernatant samples from 8 donors (thrombin treated
and nonrtreated resting platelet supernatant of each donor) were subjected to untargeted
data processing. MBIAL software (employing parameters as specified inp@u
materiab Sectionl.5.9.]) was utilized for peak finding, deisotoping, adduct annotation,
alignment, deconvolution, automated identification (via spectral nmatcii deconvoluted
MS/MS spectra within silico spectra of the LipidBlast database) and assessment of
annotations via scoring functiof$41]. MultiQuant was utilized for peak integration and

data were exported as peak heights. Missing values were filled with 2/3 of the smallest
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value for a given feature. Data were then normalized by use of internal starsseds (

Suppl.materialsTable13).
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Figure 33. Volcano plot showing the relation ofyalues and fold changes for all features
in untargeted analysis (n = 8 ach group). Only features with the largest distance to the
(0,0) point are labelled for clarity.

From the 408 initially detected and aligned features 187 remained after manual curation.
Twenty-five could be annotated by MBIAL with a total score of > 80. The statistical
program R and SIMCA+ were used for statistical evaluation of the data-pamametric

paired Wilcoxorsigned rank testU-test) was performed at significance level P = 0.05.
Fold changes were also calculated in the paired mannedtsignificantly regulated lipids
between the two groups of resting platelets and throitnbated sample$-{gure33). Eight
compounds (in addition to the targeted ones) showed significantly altered relative
concentrations in the two groupBable9). These compounds all belong to unsaturated
FAs (FA 20 with 15 double bonds) or oxidized PUFAs (HETE, 12HEPE, PGE2).

Many of the former PUFAs are typically not included in the target list of targeted SRM
assays and this finding would therefore have been missed like the information that other
fatty acids like saturated FAs are not increased upon platelet activation in releasates. Their
correct structural annotations were confirmed with purchasddentic stagards by
comparison of retention times, accurate masses, isotope patterns and MS/MS spectra (see

Suppl. materiak, in particularTable 13). Two of the confirmed significantly regulated
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lipids, 1Z2HETE and FA(20:4) (AA), were of particular interest and quantified afterwards,
as described in detail in Supphateriak Sectionl.5.1Q The concentrations of 12ETE

in supernatants of resting platelets were always below LOQ but increased by a fold change
of around 80 in thrombhactivated platats (concentrations in releasates were in the range
between 1 and 5 pM corresponding teB% attomol released per platelet). AA was
determined at concentration levels close to the LOQ in the supernatants of the resting
platelets, but concentrations werewdted by a fold change around 9 in releasates of

thrombinactivated platelets.

Table 9. Compounds showing significant differences between resting platelets and
thrombintreated platelets, which were detected and identified in the untargeted analysis
(targeted compounds are not included in this table; for details on confirmation of structural
annotationseeSuppl. materials Table13).

Name Abbreviation Experrri1r;1zentalThe<r)nr/ezticalEpr;)cr)rr1 Rete[nntj%? time Precis[i&r]l in QQ
eicosenoic acid FA(20:1) 309.2780 | 309.2799| 0.3 14.50 8.8
eicosadienoic acid FA(20:2) 307.2639 | 307.2643| -1.3 13.94 10.7
eicosatrienoic acid FA(20:3) 305.2478 | 305.2486| -2.6 13.42 18.2
eicosatetraenoic acid FA(20:4) 303.2327 | 303.2330| -1.0 12.98 12.7
eicosapentaenoic acid FA(20:5) 301.2171 | 301.2173| -0.7 12.40 13.8
12-hydroxyeicosatetraenoic ad 12-HETE 319.2284 | 319.2279| 1.6 10.57 10.8
12-hydroxyeicosapentaenoic a 12-HEPE 317.2118 | 317.2122| -1.3 9.77 20.0
Prostaglandin E2 PGE2 351.2181 | 351.2177| 1.1 3.58 24.5

1.3.7. Biochemical interpretation

Oxylipins and PUFAs may differentially influence platelet responsiveness acting as
autocrine mediator$l42); moreover, participate in diverse atherothrombotic vascular
processes while acting darget cells, e.g. inflammatory leukocytes, vascular smooth
muscle cells, as paracrine mediators. This work highlights the molecular diversity of lipid
mediators derived through the C&Xpathway in thrombin activated platelet releasate,
adding to the wideange of protein mediators (e.g. chemokines, cytokines) from the platelet

U-granules and nucleotides fralrgranules. These mediators propagate saggregatory
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and prethrombotic microenvironment where platelets are activated, and subsequently lead
to thromboischemic complications like myocardial infarction and cerebral st8pké&2-

HETE is the most dominant metabolite generated intracellularly during platelet activation
induced by thrombin, collagen or calcium ionophore stimulation, while Adkhanelled
through 12LOX instead of COXL1 [143. Some previous studies have shown thit

HETE can synergistically enhance aggregation triggered by collagen, ADP and protease
activated receptor (thrombin recept®AR), but counteracts arachidonic acid induced
response$l143. Since expression of the -EETE receptor GPR31 on platelet remains
elusive as compared to the definitive characteristics and intraceigtzalling cascade
triggered by the thromboxane receptor (TP), the actions of fré¢ETE remain vague.
However, intraplatelet generation of -HETE on receiving thrombin, collagen or
ionophore stimulatiorj144, 145, is rapidly followed by its esterification to membrane
phospholipids (PLs), in particular PEs by-Badependent ligased6:0p, 18:1p, 18:0p,
18:0a/12HETE-PE) and PCs (16:0a, 18:0a/HETE-PC). Thus, the majority of 2AETE
remains platelet associated and not released into the extracellular space. Membrane
tethered 1HETE-PLs substantiate coagulation like other anionis PRS and PE), by
facilitating binding of calcium and coagulation factft44, 145. The clnical significance

of this action is exemplified in aAgihospholipid syndrome patients who show enhanced
levels of many (31) XHETE-PLs[146], accounting for their prthrombotic disposition.
Herein, we could detect I2ETE liberated in thrombin activated platelet supernatants.
However, given the recently defined pathophysiological significance afdrdrified 12

HETE, a thorough characieation of 12HETE generation and flux to generateHETE-

PLs, plasmalogens, and additional biochemical adducts as a function of time in activated
platelet lysate rather than supernatant would be worthwhile exploring.

Currently, we focused on the preusly characterized autocrine platelet agonists derived

in the COX1 metabolic pathway demonstratiagguantitative UHPLEMS/MS method

for the targeted analysis of TXB2, HHT and its oxidized derivative KHT. Although TXA2
actions on platelet responsiveness autlined in details, that of HHT and KHT is
overlooked with only one article showing that synth&i¢T (within a concentration of

0.55 uM) can inhibit platelet aggregati¢h46. Therefore, presence of KHT in thrombin
activated platelet releasate may be considered as part of a negative regulatory feedback

loop following activation.
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Overall, our endeavors have set an example of an innovative approach for simultaneous
targeted and untargeted detection of oxylipins that orchestrate platelet functions. A
potential translational significance of our research minghaippreciated in the context of
clinical manifestations of cardiovascular diseases where-C@Xibition by aspirin still

remains the first line of anplatelet strategjA].

1.4. Conclusions

The new LEMS method was developed and is well suited for analysis of primary platelet
related oxylipins and fatty acids in resting and thrombin activated platelet supernatant
samples. Datandependent MS acquisition with SWATH windows allowed detection and
guantification of targeted compounds (TXB2, HHT, KHT) in releasates, and at the same
time detection of several other compounds significantly altered in the thrombin activated
samples. Highesolution mass analysis and fragmentation spectra for all defeataces

made it possible to identify these compounds.

The described method allowed tracking the release of eicosanoids. Thd @é&ked

lipid mediator TXB2 features as one of the mefféctive prethrombotic lipid agonist in

a positive feedback loop to synergistically substantiate response to other platelet activating
stimuli[142. Besides, we detected a pool of oxidizedHETE, 12HEPE, PGE2, HHT,

KHT) and nonroxidized polyunsaturated fatty acids (FA(20:2), FA(20:3), FA(20:4),
FA(20:5)) released upon platelet activation by thrombin. These oxylipins and PUFAs may
exert diverse biological functions depending on tissue of actidrpeesence of enzymes.

This work gives an indication of a wider molecular diversity of releasates than typically

shown in pathway maps (e.g. KEGG) on platelet activation.
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1.5. Supplementary materials

1.5.1. Internal standards
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Figure 34. Structures of internal standards.

1.5.2. Synthesis of KHT

KHT was as descri bé¢l@.2inmant he

document) The standard of HHT waanalysedtogether with thesynthesis sampl&

synt heti zed

guantify residual HHT in the KHT reaction product. A stock solution of the HHT standard
wasprepared as follow 1 pL of C11:0 internal standards was put into a glass 1.5 mL vial
(20 pg/mL in MeOH), then QL solution of HHT (0.2mg/ml in EtOH) was addedd the
mixture was diluted with 198L of methanolThestandardhad the same concentration of

HHT, as thesynthesis samplgust withoutDessMartin reagent

The synthesis samplendthe standardswereanalysedn pairs, each pair 3 times, by LC

MS/MS to calculate the yield of the reaction and final concentration of KdTequal
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detector response was assumed for KHT and HHT. Losses due to transfer into new vials
were compensated by the internal standard (Cldn@) residual HHT in the reaction
mixture was subtracted. The reaction yield was 98.4%. Assuming an equal detector
response for KHT and HHT, the KHT concentration in the KHT standard (stock) solution
obtained after relissolution in MeOH was 0.45 + 0.03 /ng_..

@ KHT XIC from KHT synthesis sample
@ HHTXIC from comparison sample
@ HHTXIC from KHT synthesis sample

3.504 KHT /7.62

1000 1 HHTY/ 62
HT/7.86
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Figure 35. Analysis of reaction product from KHT synthesis and HHT reference sample.
Blue trace, EIC of KHT precursor ion []- (m/z 277.181 £ 0.01) after reaction. Red
trace, EIC of HHT precursor ion [MH]- (m/z279.197 + 0.01) after reaction; peak at 7.86
min corresponds to unreacted, residual HHT; peak at 7.62 corresponds to the M+2
isotopologue peak of KHT product. Pink trace, HHT reference EIC of HHT precursor ion
[M-H]- (m/z 279.197 £ 0.01) of a reference gdeprepared as HHT standard spiked to
MeOH with the same concentration as in the reaction sample.

74



Quenching of Dess Martin reagent

In order to avoid losses of precious KHT substance, the reaction mixture was not further
purified but used directly as sfo solution to prepare the standardiee excess of Dess
Martin reagent in the reaction mixture was quenched by MeOH. In order to test for residual
activity of the reagent, an aliquot of the KHT reaction product was spiked with HHT and

the change of HHT aa was monitored over time. The following sample was prepared.

Sample preparation: 30 pL of HHT solution (1 pg/mL in MeOH) was added to 100 uL of
thesynthesis sampl@.45 + 0.03 pug/mL KHT, quenched with methanol).

The sample was then kept for 5 day4°C intheautosampler and analysed 4 times during
this time.Theresidual activity of reagentasmonitoredas ratio of peak areas of KHT to
HHT. It remained constdrwithin 1.9% and did not increase over time which means that

no residual activity of the reagent existed

1.5.3. Identification of KHT by MS/MS spectrum and comparison with HHT

fragmentation spectrum

The reaction product KHT was theharacterized and identified by its MS (accurate mass,
isotope pattern) and MS/MS spectiagure 28 of main document and accurate mass
information in Sppl. MaterialsTable10). For sake of convenience the corresponding data

of HHT are given as well.

Table 10. Accurate massformation of precursor and fragment ions of KHT and HHT.

Experimental Formula Theoretical Error

m/z m/z ppm
277.1810 C17H2503° 277.1809 0.4
233.1915 Ci6H250 233.1911 1.7
KHT 139.1128 CoH150° 139.1128 0.0
113.0981 C7H1O 113.0972 8.0

107.089 CeHar 107.0866 12.1
279.1972 Ci7H2705" 279.1966 2.1
261.1866 Ci17H2502 261.1860 2.3
HHT 217.1963 CieH2s 217.1962 0.5
179.1078 C11H1s02 179.1078 0.0
135.1182 CioH1s 135.1179 2.2
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1.5.4. MS/MS spectra of targeted compounds

Figure36 shows théragmentation ofhetargeted compoundslHT, KHT and TXB2. The

fragment ion used for quantification is indicated in red.

of the internal standardseadepicted irFigure37.

HHT: MS/MS spactrum, CE =-20 + 5V KHT: M5/MS spactrum, CE =-20 +5V
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Figure 36. MS/MS spectra of the targeted compounds.

guantitationindicated in red.

The corresponding MS/MS spectra

TXB2: MS/MS spectrum, CE =-20+ 5V
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Figure 37. Fragmentation of internal standards used. Precursor ion (marked red) was

used for quantification.
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1.5.5. LC-MS method development

1.5.5.1Column screening

Initially two different columns previouslguccessfully employed in lipidomics analysis
were screened for their capability to resolve KHT and HHT. One column was the
ACQUI TY UPLC CSH C18 (100 mm I 2.1 mm;
MA , USA) and the other a Ki radskelk particles5 0
Phenomenex, Torrance, CA, USA). The comparison is showigure38. The Kinetex
column gave broad beaks under conditions whichfareurablein terms of ioniation
efficiencies of fatty acids. In contrashet Waters CSH C18 showed good peak slaaoe

good peak resolutiobetween HHT and KH;Tso no further columns weexaluaéd.

@ HHT
@ KHT
] LC method:
4.5e4 Column: ACQUITY UPLC CSH C18 column with precolumn
(dimensions: 100mm = 2.1 mm; particle size: 1.7 um; Waters
4.0e4 Corporation, Miliford, MA, USA)
Eluent:
3.5e4 1 | A: 10mM 10mM NH4Acin H20 Time B Flow rate
|‘ B: 10mM NH4AC in: AcN/IPA/H20 55:40:5 [min] %] [ml/min]
3.0e4 1
= ‘ Column temperature: 60°C oo » 04
T 9504 ‘ Injection volume: 2 L o | = o
5}
= 9,004 1 13.0 100 0.4
‘ 15.0 100 0.4
1.5e4 1 ‘
15.1 35 0.4
f
1.0e4 1 ‘ ‘ h 16.0 35 0.4
5.0e3 1 : | I
| Iy ‘u
0.0e0 U . . . oLty L . ; ——ee e
@ HHT 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
@KHT Time, min
1800 LC method:
0 Column: PhenomenexKinetex2.6 u C8 100 A column with precolumn
(dimensions: 150 mm = 2.1 mm; particle size: 2.6 pum core-shell particle;
1600 Phenomenex, Torrance, CA, USA)
0 Eluent:
1400 A:10mM 10mM NH4Ac in H20
0 B: 10mM NH4AC in: AcN/IPA/H20 55:40:5
1200
0 Column temperature: 40°C Time B Flowrate
z Injection volume: 2 pL [min] [%] [ml/min]
a 1000
E 0 0.0 30 0.5
- goo 8.0 30 0.5
800 13.0 100 0.5
0 l 15.0 100 0.5
400
0 | 15.1 30 0.5
|
EDD ‘ \ 16.0 30 0.5
0 T T T pect + e A ”‘“LM""M‘“” g ‘\“ —_— "."”:"""‘ ol *"“”' A
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time, min

Figure 38. Column screening. Comparison of KHT/HHT separations on fully porous sub
2um particle column CSH C18 (top) and superficially porous 2.&pmatex C8 (bottom).
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1.5.5.2Additive effect

Different additives(ammonium acetate, ammonium formate, as well as mixtures with
corresponding acidi$o the mobile phase (water, acetonitrile and isopropanol) steded
(Figure39), in order to figure out which one provides better peak shapes goartsumost
effectively ESI ionigtion efficiencies for obtaining good assay sensitivities for oxidized
fatty acids The results werevaluated in terms gfeak aresand signato-noise ratis for

HHT and TXB2(Tablell). KHT behavedrery similar to HHT.

@ HHT XIC with NH40Ac: 179.107 +/-0.010 Da @ TXB2 XIC with NH40Ac: 169.087 +/-0.010 Da
@ HHTXIC with NH4FA: 179.107 +/-0.010 Da @ TXB2XIC with NH4FA: 169.087 +/-0.010 Da
@ HHTXIC with NH40Ac and HOAc: 179.107 +/-0.010 Da @ TXB2XIC with NH40Acand HOAc: 169.087 +/-0.010 Da
© HHT XIC with NH4FA and FA: 179.107 +/-0.010 Da © TXB2 XIC with NH4FA and FA: 169.087 +/-0.010 Da
N\
1600 HHT/4.13 HHT/519 1400 [XB2/ 251
\ Gradient
1400 1200 TXB2/350 [Time B  Flow
[min] [%] [ul/min]
1200 1000 \/ o 10 600
IXB2Y 3.64 6 66 600
1
& 1000 HHT/4.63 £ 8§ 72 600
§ 800 g 85 792 600
E E 600 17 92.8 600
‘ 175 996 600
600 20 996 600
400 201 10 600
400 HHT /5.36 2310 600
o0 t L J 200 kA T [°C] 65
0 0 k
35 40 45 50 55 60 65 1 2 3 4 5 6 1
Time, min Time, min

Figure 39. Chromatograms of HHT and TXB2 with different additives to the mobile phase.
Concentration of additive: 10 mM, concentration of acid (if present): 0.1%. A: H20 +
additives, B: ACN/IPA/H20 (49:50:1; v/v/v) + additives. CE29 +/- 5 V.Coloursshow

EICs obained with different additives: NAc (blue), NHFA (pink), NHOAc and HOAc
(dark orange), N&FA and FA (green).

As can be seen froffiable11 andFigure39, ammonium acetate (N#Ac) was chosen as
the best compromise between the two analytes, which showed good results for both HHT
and TXB2.Under these conditions the proton of the carboxylic group can be easily

abstrated, favourably enhancing ioaison in the negative ESI mode.
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Table 11 Effect of additives on signab-noise ratio and peak areas.

SI GN-ABGNOI SE PEAK AREA

Addi ti v HHT TXB2 HHT TXB?2

N HA c 184. " 638. ( 5.12 1.58
N HF A 105. ¢ 184. ¢ 3.083 1.74
NHACHOAC 206 . ¢ 156. 7 6. 26 1. 45
N HF AH A 37.9 105. ¢ 1.05 9.28

1.5.5.3MS parameters

After optimization of LGconditions and selection of specific fragments for quantitative
analysis of the targeted compounds, ion source parameters were optimized to maximize
sensitivity. Amongst others, theoltision energy (CE) was systematically optimized
(Figure4l). As can be seen, an intermediate CE26fV gave the highest signal intensities

in all cases and was selected for the final method.

Peak height
__ 80000
) - EIHHT precursor
S, 60000 -
Z [ HHT fragment
‘G 40000 |
g BKHT precursor
£ 20000 - |
3 pl ﬂ J & KHT fragment
g oAby - ! = . | I_—E .
.20
® 5 -10 20 30 -40 -50 60 TOF (-10) [ITXB2 precursor
CE[V] @TXB2 fragment
S/N ratio
1500
EIHHT precursor
°
.E 1000 B HHT fragment
= -
w 500 3 l> B KHT precursor
g 4 KHT fragment
o e Bl o Bl ]l I _l o 8
5 -10 -20 -30 -40 -50 -60 TOF(-10) precursor
CE [V] [ETXB2 fragment

Figure 40. Signal intensities (top) and signtd-noise (S/N) (bottom) for precursor and
fragmen ions in TOFMS and MS2 experiments in dependence on different collision
energies (CEs). Accumulation time for MS2 experiments was equal to 100 ms, and for TOF
experiment also to 100 ms; standards were dissolved in MeOH.
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KHT:233.191 +/-0.010 Da, CE =-10V

KHT: 233.191 +/-0.010 Da, CE =-20V

HHT:179.107 +/-0.010 Da. CE =10V

HHT:179.107 +/-0.010 Da, CE =20V
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Figure 41. Chromatograms from the study of the effect of CE on signal intensiy for
KHT, B: HHT andC: TXB2.

1.5.6. Final LC-MS method: Cycle time, data points per peak and absence of

targets in blank matrix

The final method was then examined whether a sufficient number of data points were
available across the peaks for an accurate quantification (required at least 10 data points
per peak)Figure42 showsEIC chromatograms atfhe targeted compounds with MS data
points (which depend on MS cycle timaylicated Each data point stands for a full MS

cycle consisting of the MS experiments snarized inTable5 (1 full MS scan and 19
MS/MS experiments). The red tracedHigure42 clearly document that there are enough
data points across the peak (21 for KHT, 18 for HHT, 32 for TXBigure42 also depicts

an overlay of the 10 ng/mL calibrants (lowest calibrants) (blue trace) and blank matrix

(pink trace). It becomes evident that the target analytes were virtually absent in the blank
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matrix. The lowest calibrant (atQQ level) can be reasonably well detected at this
concentration with a good signal to noise ratio.

@ KHT in the lowest calibration sample (10 ng/mL): 233.191 +/-0.010 Da
@ KHT in zerosample (0 ng/mL): 233.191 +/-0.010 Da
@ KHT in the higest calibration sample (200 ng/mL): 233.191 +/-0.010 Da

@ KHT in the lowest calibration sample (10 ng/mL): 233.191 +/-0.010 Da
@ KHT in zerosample (0 ng/mL): 233.191 +/-0.010 Da
@ KHT in the higest calibration sample (200 ng/mL): 233.191 +/-0.010 Da

8.00
15000 600
. 450 .
£ 10000 21 points & 16 points
g § 300
c =3
= 5000 =
150
;i 0
7.70 7.85 7.70 7.85
Time, min Time, min

@ HHT in the lowest calibration sample (10 ng/mL): 179.107 +/-0.010 Da
@ HHT in zero sample (0 ng/mL): 179.107 +/-0.010 Da
@ HHT in the higest calibration sample (200 ng/mL): 179.107 +/-0.010 Da

@ HHT in the lowest calibration sample (10 ng/mL): 179.107 +/-0.010 Da
@ HHT in zero sample (0 ng/mL): 179.107 +/-0.010 Da
@ HHT in the higest calibration sample (200 ng/mL): 179.107 +/-0.010 Da

8.01
500

15000 00 15 points
X 4
5 18 points g
2 10000 g 300
z = 200
5000
100
0
7.90 7.95 8.00 8.05 8.10 7.90 7.95 8.00 805 8.10
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@ TXB2 in the lowest calibration sample (10 ng/mL): 169.087 +/-0.010 Da
@ TXB2 in zerosample (0 ng/mL): 169.087 +/-0.010 Da
@ TXB2 in the higest calibration sample (200 ng/mL): 169.087 +/-0.010 Da

@ TXB2 in the lowest calibration sample (10 ng/mL): 169.087 +/-0.010 Da
@ TXB2 in zerosample (0 ng/mL): 169.087 +/-0.010 Da

@ TXB2 in the higest calibration sample (200 ng/mL): 169.087 +/-0.010 Da
15000 500

3.30
400
2 10000 ) > )
g 32 points 1 300 25 points
£ -
< 5000 £ 200
100
0 0
30 32 34 36 38 40 30 32 34 36 38 40
Time, min Time, min

Figure 42. Data points per peak for targeted compounds (KHT, top; HHT, middle; TXB2,
bottom) and absence of targets in blanlatrix. Red trace, highest calibrant with 200

ng/mL); pink trace, blank matrix (resting platelet supernatants) without spiking targeted
compounds; blue trace, lowest calibrant with 10 ng/mL).

1.5.7. Uniqueness peculiarities and potential of SWATH acquisition

It is already mentioned in the main document (p&3) that carefully chosen EIC might
increase sensitivity of an analytical method when SWATH (together with-NISF
experiments are used. There is a choice of extracting precursor ion frofVI$@F from
SWATH or one of fragment ions from SWATH. There amany factors which will
influence sensitivity for any EIC in an experiment, among others: accumulation time, mass

range, collision energym/z extraction window, interferences in matrix. Each analyte
should be approached individually for the best EIC.
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In this paragraph 2 more examples are given, where method has gained sensitivity for
oxylipins, because of switching to EIC of a fragment in SWATH. The difference to the
example inl.3.3 part of the main document is that accumulation time of SWATH is shorter
than TOFMS (20 vs. 50 ms) as the examples are given of not targeted compounds.
However, to clarify the situation, EIC from precursdzmight be more sensitive for other

compounds, especially when a simpler matrix is used.

12-HETE: precursor, 12-HETE: precursor, 12-HETE: fragment,
TOF-MS (acc. time = 50 ms) SWATH (acc. time = 20 ms) SWATH (acc. time = 20 ms)
1.2e5
A | 1062 B w62 1114
S/N=13.6 - woo1C 1095
11.11 /10-92 5000 1
8.0e4 qed
_ 4000
6.0e4 3e4 | 1033 S/N =21.9 S/N =60.7
3000
4.0e4 2e4 2000 -
2.0e4 1e4 m 1000
0.0e0 0e0 0-
105 110 115 120 105 110 115 120 105 110 115 120
Time, min Time, min Time, min

Figure 43. EIC chromatograms extracted from the same run (sample from donor 2,
thrombin treated)A: EIC of precursor ion (m/z 319.2250 + 0.010) extracted from TOF
MS experiment3 andC: EICs of precursor ion (m/z 319.2250 + 0.010) and fragment ion
(m/z 179.1080 + 0.010), respectively, extracted from the SWATH window (i.e. MS/MS
experiment). MS/MS spectrum of HETE can bdound inFigure 47 in this document

PGE2 d4: precursor, PGE2 d4: precursor, PGE2 d4: fragment,
TOF-MS (acc. time = 50 ms) SWATH (acc. time = 20 ms) SWATH (acc. time = 20 ms)
2500 |
POOY A 1357 B 3.57 C 3.57
10000 200 4000 4
’ N = 28.
wo| | S/N=137 S/N=235 .| |S/N=288
6000
1000 | 2000 1
4000
2000 500 | 1000 4 L
0 l, ' 0 -—M-J-J—-,—n— 0 by r
35 40 35 40 35 4.0
Time, min Time, min Time, min

Figure 44. EIC chromatograms extracted from the same run (sample from donor 2,
thrombin treated, sample was spiked with internal standard PGE2 d4 at 120 pémL).
EIC of precursor ion (m/z 355.241 + 0.010) extracted from TOF MS experighant C:

EICs of precursoion (m/z 355.241 + 0.010) and fragment ion (m/z 319.221 = 0.010),
respectively, extracted from the SWATH window (i.e. MS/MS experiment). MS/MS
spectrum of PGE2 d4 can be foundrigure 37 in this document.
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1.5.8. Matrix effect, extraction recovery, process efficiency

Matrix effect(ME), extraction recovery (RE) and process efficiency (PE) waiaulated

according to the Matuszewshiotocols:

D0 - YO - 00 —-Pp e

A is the peak area (not normalized) in standards spiked to MeOH, B is the peak are
the postspiked samples (standards spiked to extracted matrix just befeldS_C
analysis) and C is the peak area in thegpiged samples (analytes added to matrix

before extraction).

Table12. Results ofletermination of matrix effect, extraction recovery and process
efficiency for targeted compounds.

Matrix effect Extraction recovery Process efficiency
Compound concentratio [%] [%] [%]
[ng/mL] TXB2 HHT KHT TXB2 HHT KHT TXB2 HHT KHT
40 96.3 103.7 104.1 85.5 104.4 97.6 82.4 108.3 101.7

80 108.8 1135 121.2 68.2 88.4 84.3 74.2 100.4 102.2
160 1134 120.8 117.6 72.8 89.5 102.4 825 108.2 120.4
200 86.1 96.3 90.5 80.9 98.4 1014 69.7 94.7 91.7

Mean [%]: 101.2 108.6 108.4 76.9 95.2 96.4 77.2 102.9 104.0
Standard dev. [%]: 10.7 9.4 12.1 6.8 6.6 7.2 55 5.7 10.3
CV [%]: 10.6 8.6 11.2 8.8 6.9 7.5 7.1 5.6 9.9
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1.5.9. Untargeted analysis
1.5.9.1MS-DIAL parameters

General:
MS-DIAL parameters used for untargeted analysis:
lonisation type: Soft ionation
Method type: Data independent MS/MS
Data type (MS1): Profile data
Data type (MS/MS): Profile data
lon mode: Negative ion mode
Targeted omics: Lipidomics
Data collection
Retention time begin: 0.5 min
Retention time end: 20 min
Mass rangéegin: 50 Da
Mass range end: 500 Da
MSL1 tolerance: 0.01 Da
MS2 tolerance: 0.025 Da
Maximum charged number: 2
Number of threads: 1
Peak detection
Smoothing method: Linear weighted moving average
Smoothing level: 3 scan
Minimum peak width: 5 scan
Minimum peak height: 500 amplitude
Mass slice width: 0.1 Da
MS2Dec
Sigma window value: 0.5
MS/MS abundance cut off: 0 amplitude
Exclude after precursor ion: yes
Keep the isotopic ions until: 0.5 Da
Keep the isotopic ions w/o MS2Dec: no
Identification:
Solvent type: CH3COONH4
Collision type: CID
Lipid classes: all
Accurate mass tolerance (MS1): 0.01 Da
Accurate mass tolerance (MS2): 0.05 Da
Identification score cut off: 80 %
Use retention information for scoring: no
Adducts: [MH], [M+HacH]
Alignment:
Reference file: one of the QCs
Retention time tolerance: 0.5 min
MS1 tolerance: 0.015 Da
Retention time factor: 0.2
MS1 factor: 0.8
Peak count filter: 0 %
N% detected in at least one group: 51 %
Detected in all QCs: no
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1.5.9.2Confirmation of structura | annotations with authentic standards

Structural annotations of MBIAL were confirmed by purchased authentic standards.
Standards used for identification were purchased from Cayman Chemical (Ann Arbor, Ml,
USA): 5Z,14Z-eicosadienoic acidFA(20:2)), dihomogammalinolenic acid (FA(20:3)),
arachidonic acid (FA(20:4)), £82,117,147,17Z-eicosapentaenoic acid (FA(20:5)),
prostaglandin E2, TRIETE and 12HEPE. 1¥Z-Eicosenoic acid was bought from Merck
(Sigma Aldrich) (Munich, Germany). Additiohly to show method specificity
prostaglandin D2 (PGD?2), alptiaolenic acid (ALA) and gammdnolenic acid (GLA)

were purchased from Cayman Chemi&ahndard solution, sample (donor 5) and standards

spiked to sample were injected.

Compounds were cortt@red identified if at least& 5 criteriawerepassed:

1. Retention time match: less than 2 s (0.03 min) difference between compound found in
sample and standard.

2. Match of accuratenass of precursor ion from experimen{{Table5): less than 5 mDa
difference (n/zdifference smaller than 0.00Bgtween sample and standard

3. Match of accuratenass of precursor ion from SWATWndow: less than 5 mDa
difference (n/zdifference smaller than 0.00Bgtween sample and standard

4. Match ofaccuratamassof 2" and 3° isotopic peak from experiment 1: less than 5
mDa differencert/zdifference smadélr than 0.005petween sample and standard

5. Match ofaccurate mass & main fragmenin/z(different than precursor) from
SWATH window:. less than 5 mDa differencefzdifference smaller than 0.005)

between sample and standard

Different criteria were used, because of diffefdi® properties of compounds: fatty acids
do not fragment well, so fragmentation information could not be used. On the other hand,
oxylipins, present in the samples at l@enentration, are not easily detecteche TOF

MS experiment 1, which lacks specificity.

Table 13 shows also relative distribution of peak heights (always compared to the first
isotopic peak of precursor ion). These are additional information and were not used for
compound identificationt should also be noted that mass accuracies may be lower if the

compound is present at low concentrations close to LOQ.
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Table 13. Identification of significantly altered compounds found in untargeted analysis,
based orcomparison with bought standards.

Precursor ions and isotopic distribution Fragment ions (CE = 20 +/5) Retention time
” m/z Relative height m/z Relative height c
-8 k] kel S (4] e
c c (]
3| o ) 38 S ) S ) 8 5 ) Sz 8 22
a| 8 = 5T BT = T = c5T Bx = T O o855
S ks <3 [} 8 =3 ° 1S =B
e ] o) [T e © o) © (@) [T ] ] o) c o < [o) [}
° S =72 O £ ° £ =72 © £ s s 45
Rl 2 < O o= c 2 < c 2 < oo £ 2 < o] [} =3
O 8= %) £2: &= n T = n a2 &= %] n [ag=
— £ = Erd = €= = [
) Og ) ) Osg n X3
Da Da mDa Da Da mbDa min min s
::r 309.2767 309.2776 0.89 100 100 309.2770 309.2784 1.41 100 100 14.571 14.571 0.00
2
QI/ 310.2808 310.2813 0.46 25.0 24.0
£
311.2832 311.2829 -0.28 29 2.0
/(\T 307.2609 307.2635 2.61 100 100 307.2613 307.2630 1.75 100 100 14.000 14.006 0.28
o
QI/ 308.2636 308.2621 -1.49 24.0 39.8 255.2310 4.3
<
w 309.2653 309.2727 7.34 22 2.1
’(‘V? 305.2450 305.2460 0.93 100 100 305.2453 305.2463 1.07 100 100 13.488 13.497 0.54
e
S 306.2486 306.2545 5.87 235 39.1
<
w 307.2524 307.2551 272 3.1 11.3
Q 307.2609 307.2635 2.61 100 100 303.2298 303.2317 1.95 100 100 13.046 13.050 0.24
hd
g/ 308.2636 308.2621 -1.49 24.0 39.8 259.2405 259.241 0.43 7.0 7.8
<
w 309.2653 309.2727 7.34 22 21
/La 301.2144 301.2134 -0.96 100.0 100.0 301.2147 301.2146 -0.09 100.0 100.0 12.482 12.454 -1.68
&
QI/ 302.2172 302.2181 0.85 23.5 30.5 257.2250 257.2246 -0.39 23.4 243
5
303.2207 303.2169 -3.81 33 4.6 203.1790 203.1766 -2.37 4.8 6.9
319.2245 319.2255 1.03 100.0 100.0 319.2245 319.226 151 100 100 10.645 10.650 0.32
L | 320.2276 320.2278 0.19 26.5 44.3 301.2139 301.2175 3.52 94.4 94.4
&
T 321.2306 321.2271 -3.48 3.3 9.3 257.224 257.2237 -0.30 80.6 80.6
&
« 208.1090 208.1092 0.20 65.2 65.2
179.1061 179.1075 1.31 56.1 56.1
317.2088 317.2089 0.11 100 100 317.2093 317.2085 -0.81 100 100 9.870 9.873 0.18
| 318.2124 318.2125 0.13 19.9 21.4 299.1977 299.1975 -0.16 94.3 94.3
m
T | 319.2137 319.2165 2.86 3.6 16.1 255.2089 255.2039 -5.00 80.5 80.5
&
~ 208.1078 208.1082 0.46 65.6 65.6
179.1058 179.1069 1.12 56.5 56.5
351.2145 351.2188 4.35 100 100 3.658 3.671 0.78
333.2039 333.199 -4.89 198.0 155.6
315.1935 315.1946 1.09 240.1 291.3
N
L
V] 271.2041 271.2015 -2.59 212.4 243.4
a
233.1158 40.8
189.1266 189.1281 1.55 68.2 103.6
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@ sample
@ standard in MeOH
@ sample spiked with standard

100% 1 100% - 100% -
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Figure 45. Comparison of retention times between standard, sample, and sample spiked
with standard for structurally annotated compounds found by untargeted analysis and data
processing wittMS-DIAL. Blue: EIC of precursor m/z from analysed sample (donor 5,
thrombin treatment); green: the same EIC from standards dissolved in MeOH; red: EIC
from sample (donor 5, thrombin treatment) additionally spiked with standards.

ALA, GLAEIC mix ALAand GLA 1:1 PGE2, PGD2 EIC from mix PGE2 and PGD2 1:1
A ﬁ 12.62, ALA + GLA s0ee{ B N 3.74, PGE2
2.0e5
2.5e4 4
1.5e5 4
2.0ed 4
1.0e5 4 1.5e4 4
L oes | 3.97, PGD2
5.0ed 4
J 5.03 4 J
0.0e0 - ¥ T ¥ ¥ T 0.0e0 § § r T T T ¥ T
122 124 128 128 13.0 13.2 32 34 36 38 40 42 44 46

Time, min Time, min

Figure 46. A: EICs of precursor of FA(18:3) (m/z 277.217 £ 0.010) from experiment 1
showing no separation of isomeric fatty acids, which differ with double bond positions;
B: EICs of precursor m/z of prostaglandins E2 and D2 (351.218%0).from

experiment 1 showing good separation of these compounds. Mixtures were prepared as
standards dissolved in MeOH.
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Figure 47. Comparison of MS/MS spectra for structurally annotated compounds found by
untargetedanalysis. Blue: Raw spectrum from analysed sample (donor 5, thrombin
treatment); green: spectrum from standard dissolved in MeOH. €&B= 5.

Table14. List of all features (precision lower than 30 %) foundubyargeted analysis, n
= 8 for each group.

Name or Mass | Retention Inéerréal Precision paired | paired foig | Stggested
alignment | [M-H] time stan far USeq in QCs are arred 10ld | jyentification by
number . or p-value change MS-Dial
m/z [min] normalization [%0]
Identified compounds (confirmed by authentic standards)
KHT 277.197 7.59 €10 d19 28.4 0.008 7.69 Unknown
HHT 279.197 7.83 AA d8 14.9 0.008 217.30 Unknown
FA(20:5) 301.217 12.40 HTE d5 13.8 0.008 4.00 FA(20:5)
FA(20:4) 303.233 12.98 HTE d5 12.7 0.008 9.09 FA(20:4)
FA(20:3) 305.248 13.42 AA d8 18.2 0.008 3.13 FA(20:3)
FA(20:2) 307.264 13.94 AA d8 10.7 0.016 4.76 FA(20:2)
FA(20:1) 309.280 14.50 AA d8 8.8 0.023 2.94 FA(20:1)
12-HEPE 317.212 9.77 HTE d5 20.0 0.008 5.00 Unknown
12-HETE 319.228 10.57 C10 d19 10.8 0.008 79.76 Unknown
PGE2 351.218 3.58 AA d8 24.5 0.008 6.25 Unknown
TXB2 369.228 3.23 HTE d5 8.0 0.008 182.40 Unknown
Unknown compounds

1 84.993 1.56 HTE d5 14.6 0.844 1.04 Unknown
2 84.993 2.70 HTE d5 10.8 0.945 0.97 Unknown
3 101.062 0.63 AA d8 19.5 0.742 1.18 Unknown

4 115.077 0.96 C10 d19 10.2 0.461 0.85 FA(6:0)
5 118.993 0.68 HTE d5 10.7 0.383 1.14 Unknown
6 121.029 0.58 C10 d19 27.8 0.641 0.92 Unknown
7 121.030 1.16 HTE d5 18.7 0.742 1.05 Unknown

88



8 129.093 1.65 AA d8 10.9 0.742 0.90 Unknown

9 134.964 0.80 HTE d5 13.5 1.000 0.95 Unknown
10 134.988 1.67 HTE d5 15.5 0.641 1.30 Unknown
11 135.046 1.38 TXB2 d4 17.7 0.945 1.00 Unknown
12 138.020 1.71 TXB2 d4 29.1 0.461 0.85 Unknown
13 143.107 2.03 HTE d5 15.9 0.195 1.33 Unknown
14 143.107 2.91 AA d8 16.6 0.250 0.73 FA(8:0)
15 145.086 0.94 TXB2 d4 15.1 0.547 0.90 Unknown
16 157.123 4.76 HTE d5 8.8 0.742 0.98 Unknown
17 157.123 14.20 TXB2 d4 19.0 0.844 1.11 Unknown
18 159.103 1.44 TXB2 d4 22.8 0.078 0.51 Unknown
19 162.982 0.68 HTE d5 16.6 0.547 1.14 Unknown
20 168.464 1.22 HTE d5 13.8 0.383 1.12 Unknown
21 168.990 1.22 HTE d5 11.5 0.641 1.12 Unknown
22 171.138 7.00 HTE d5 17.4 0.313 0.93 Unknown
23 171.139 7.15 AA d8 14.4 0.547 0.91 FA(10:0)
24 178.952 0.78 PGE2 d4 20.4 0.148 0.76 Unknown
25 185.154 9.20 HTE d5 20.1 0.461 0.90 Unknown
26 187.133 2.51 AA d8 27.6 0.313 1.39 Unknown
27 190.258 6.83 C10d19 23.4 0.945 1.00 Unknown
28 194.988 0.82 TXB2 d4 19.4 0.195 0.79 Unknown
29 199.170 10.84 AA d8 14.1 0.547 1.08 FA(12:0)
30 201.148 4.02 TXB2 d4 18.5 0.844 1.14 Unknown
31 212.312 1.22 HTE d5 12.1 0.461 1.09 Unknown
32 213.186 11.68 PGE2 d4 12.4 0.195 0.83 Unknown
33 215.163 5.88 PGE2 d4 27.6 0.742 0.85 Unknown
34 218.985 2.24 HTE d5 13.9 0.945 1.18 Unknown
35 221.081 1.52 TXB2 d4 28.4 0.195 0.66 Unknown
36 225.109 2.86 C10 d19 22.8 0.945 0.99 Unknown
37 227.201 12.41 HTE d5 18.9 0.461 1.09 FA(14:0)
38 228.948 1.39 HTE d5 21.6 0.383 0.71 Unknown
39 228.973 1.55 HTE d5 24.9 0.844 0.96 Unknown
40 229.181 7.78 TXB2 d4 20.9 0.844 0.97 Unknown
41 239.128 4.33 AA d8 22.6 0.461 0.68 Unknown
42 241.216 12.82 HTE d5 11.8 0.641 1.06 Unknown
43 242.175 14.20 TXB2 d4 12.1 0.641 1.54 Unknown
44 242.175 2.47 TXB2 d4 12.5 1.000 0.95 Unknown
45 243.196 9.57 TXB2 d4 22.2 0.742 1.05 Unknown
46 252.200 10.28 TXB2 d4 20.8 0.945 1.15 Unknown
47 253.217 12.73 C10 d19 9.2 0.313 0.86 FA(16:1)
48 254.965 1.22 HTE d5 15.7 0.250 1.20 Unknown
49 255.233 13.51 HTE d5 9.6 0.547 1.11 FA(16:0)
50 262.975 2.24 PGE2 d4 16.4 0.547 0.93 Unknown
51 267.231 13.27 AA d8 29.4 0.742 1.22 Unknown
52 269.247 13.93 HTE d5 18.3 0.547 1.12 FA(17:0)
53 270.127 12.23 PGE2 d4 15.6 0.742 1.04 Unknown
54 271.226 11.14 PGE2 d4 21.9 0.461 0.95 Unknown
55 271.226 11.84 C10 d19 28.8 0.641 0.93 Juniperic acid
56 274.979 1.25 AA d8 13.0 0.547 1.03 Unknown
58 277.217 12.46 C10 d19 10.0 0.313 0.81 FA(18:3)
59 278.189 13.56 TXB2 d4 23.0 0.945 1.01 Unknown
60 278.919 2.16 HTE d5 25.3 0.313 1.27 Unknown
61 278.969 2.70 PGE2 d4 10.9 0.148 0.79 Unknown
63 279.233 13.08 AA d8 7.5 0.250 1.12 FA(18:2)
64 281.172 10.78 AA d8 19.9 0.844 0.88 Unknown
65 281.248 13.72 HTE d5 9.2 0.039 1.11 FA(18:1)
66 283.095 7.36 HTE d5 17.4 0.547 1.49 Unknown
67 283.117 1.55 HTE d5 20.6 0.313 1.23 Unknown
68 283.264 14.37 HTE d5 7.8 0.547 1.10 FA(18:0)
69 294.980 1.22 AA d8 9.5 0.383 1.09 Unknown
70 295.190 12.36 PGE2 d4 28.6 0.313 1.20 Unknown
71 297.048 10.93 C10 d19 26.7 0.844 0.94 Unknown
72 297.279 14.72 HTE d5 20.1 0.844 1.04 FA(19:0)
73 299.201 12.17 TXB2 d4 15.4 0.461 0.84 Unknown
74 299.258 11.56 HTE d5 27.5 0.844 0.91 Unknown
79 309.203 12.37 AA d8 18.8 0.844 0.97 Unknown
80 309.270 12.91 HTE d5 23.9 0.195 1.23 Unknown
82 311.282 12.90 HTE d5 15.9 0.313 0.93 Unknown
83 311.293 14.68 AA d8 17.9 0.945 0.96 Unknown
84 311.295 15.11 HTE d5 12.3 0.945 1.05 FA(20:0)
87 321.209 12.76 AA d8 12.2 0.945 1.10 Unknown
88 323.218 13.47 HTE d5 19.4 0.109 1.23 Unknown
89 323.219 12.95 HTE d5 16.9 0.547 1.02 Unknown
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90 325.310 15.36 TXB2 d4 22.8 0.250 0.75 FA(21:0)

91 327.233 12.77 PGE2 d4 19.4 0.742 2.86 FA(22:6)

92 329.248 13.22 AA d8 12.1 0.109 2.08 FA(22:5)

93 329.267 14.35 AA d8 21.8 0.250 1.32 Unknown

94 335.050 9.53 TXB2 d4 13.1 0.547 0.88 Unknown

95 337.235 13.47 C10 d19 12.8 0.742 1.03 Unknown

96 339.327 15.68 PGE2 d4 13.3 0.313 0.75 FA(22:0)

97 341.172 11.99 HTE d5 19.5 0.945 1.11 Unknown

98 341.174 12.57 TXB2 d4 19.4 0.742 0.96 Unknown

99 341.269 13.42 AA d8 25.5 0.844 1.09 Unknown
100 343.136 1.53 HTE d5 19.4 0.250 1.18 Unknown
101 343.185 11.10 TXB2 d4 28.3 0.383 0.93 Unknown
102 347.216 13.04 TXB2 d4 18.7 0.742 0.99 Unknown
103 349.237 13.66 TXB2 d4 20.1 0.195 0.64 Unknown
105 351.218 13.47 C10 d19 10.5 1.000 0.93 Unknown
106 351.250 14.35 AA d8 16.5 0.547 1.02 Unknown
107 351.250 13.94 AA d8 17.7 0.641 1.09 Unknown
108 353.341 15.84 TXB2 d4 11.2 0.461 0.89 Unknown
109 355.224 13.27 C10d19 28.6 0.742 0.93 Unknown
110 355.241 3.53 TXB2 d4 12.5 0.844 0.81 Unknown
111 355.320 13.53 TXB2 d4 27.0 0.742 1.35 Unknown
112 358.293 13.53 PGE2 d4 21.7 0.078 0.71 Unknown
113 361.234 13.03 C10d19 19.4 1.000 1.00 Unknown
114 363.250 13.68 AA d8 12.7 0.945 1.11 Unknown
115 365.265 14.35 C10d19 10.5 0.742 0.92 Unknown
116 365.339 15.67 TXB2 d4 27.1 0.547 0.93 Unknown
117 367.156 4.19 C10d19 24.0 0.313 0.62 Unknown
118 367.358 16.12 TXB2 d4 9.6 0.461 0.93 FA(24:0)
120 370.965 1.22 HTE d5 22.3 0.742 1.10 Unknown
121 374.188 13.59 TXB2 d4 14.4 0.844 1.06 Unknown
122 377.059 10.69 TXB2 d4 28.1 0.148 0.73 Unknown
123 379.229 13.69 AA d8 22.2 0.547 1.20 Unknown
124 379.250 14.36 C10 d19 17.9 0.844 0.88 Unknown
125 381.372 16.24 TXB2 d4 17.9 0.461 0.79 Unknown
126 390.315 15.32 TXB2 d4 23.2 0.945 1.00 Unknown
127 391.112 12.41 TXB2 d4 12.5 0.844 1.02 Unknown
128 391.287 14.52 TXB2 d4 28.3 0.547 0.65 Unknown
129 393.374 16.12 TXB2 d4 26.2 0.945 1.09 Unknown
130 395.389 16.47 TXB2 d4 12.8 0.461 0.89 FA(26:0)
131 396.345 15.05 TXB2 d4 14.5 0.844 1.25 Unknown
132 397.329 14.80 HTE d5 20.3 0.313 0.91 Unknown
133 399.252 12.93 TXB2 d4 20.1 0.383 0.80 Unknown
134 399.252 13.48 HTE d5 23.2 0.742 0.96 Unknown
135 405.217 13.58 TXB2 d4 17.9 0.641 0.97 Unknown
136 405.266 13.74 C10 d19 10.3 0.742 0.64 Unknown
137 419.236 13.47 AA d8 14.6 0.547 1.14 Unknown
138 421.225 11.80 AA d8 19.5 0.641 0.93 Unknown
139 421.298 14.41 C10 d19 16.0 0.945 0.97 Unknown
140 421.327 15.63 TXB2 d4 23.8 0.383 0.92 Unknown
141 421.403 16.45 TXB2 d4 24.2 0.461 0.82 Unknown
142 423.420 16.77 TXB2 d4 21.3 0.461 0.92 FA(28:0)
143 425.354 15.26 TXB2 d4 29.6 0.313 0.91 Unknown
144 425.619 1.22 HTE d5 11.4 0.313 1.16 Unknown
145 429.332 11.76 C10d19 21.6 0.313 0.72 Unknown
146 431.236 13.68 TXB2 d4 26.7 0.547 0.88 Unknown
147 433.253 14.35 HTE d5 17.7 0.195 1.54 Unknown
148 433.315 13.75 TXB2 d4 20.7 0.844 1.32 Unknown
149 436.319 15.31 PGE2 d4 28.9 0.461 0.93 Unknown
150 440.276 13.47 AA d8 28.6 0.313 1.30 Unknown
151 441.063 14.21 TXB2 d4 25.7 0.844 0.96 Unknown
152 444.403 13.44 C10d19 22.2 0.742 0.76 Unknown
153 445.182 7.41 TXB2 d4 28.5 0.195 0.81 Unknown
154 445.184 6.49 TXB2 d4 19.7 0.250 0.62 Unknown
155 445.253 13.68 HTE d5 21.1 0.383 1.15 Unknown
156 445.265 15.68 TXB2 d4 24.2 0.148 0.74 Unknown
157 446.377 15.73 TXB2 d4 26.0 0.461 0.95 Unknown
158 447.269 14.35 AA d8 19.6 0.313 1.20 Unknown
159 447.330 14.50 HTE d5 29.1 0.195 1.69 Unknown
160 448.946 1.22 HTE d5 15.0 0.461 1.16 Unknown
161 450.336 15.31 TXB2 d4 26.4 0.742 0.98 Unknown
162 451.038 6.07 TXB2 d4 23.9 0.250 0.84 Unknown
163 453.367 10.90 PGE2 d4 26.5 1.000 1.11 Unknown
164 457.364 12.78 AA d8 12.3 0.313 0.89 Unknown
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165 460.945 10.98 TXB2 d4 15.4 0.461 0.98 Unknown
166 461.092 8.20 AA d8 29.8 0.547 1.49 Unknown
167 461.097 6.66 PGE2 d4 23.1 0.461 0.82 Unknown
168 461.230 13.00 TXB2 d4 24.5 1.000 0.96 Unknown
169 464.921 1.22 HTE d5 14.6 0.109 1.15 Unknown
170 465.302 14.08 HTE d5 11.8 0.945 1.06 Unknown
171 466.296 13.69 AA d8 20.0 0.742 1.35 Unknown
172 468.313 14.35 C10 d19 18.1 0.742 0.99 Unknown
173 473.038 10.31 C10 d19 29.9 0.641 1.16 Unknown
174 473.284 12.82 PGE2 d4 19.1 0.547 0.81 Unknown
175 473.298 16.10 TXB2 d4 27.9 0.641 0.79 Unknown
176 475.017 11.12 C10 d19 26.7 0.547 1.22 Unknown
177 475.027 14.05 TXB2 d4 26.6 0.039 0.89 Unknown
178 475.300 15.06 TXB2 d4 27.4 0.547 0.85 Unknown
179 477.027 14.10 TXB2 d4 28.8 0.383 0.64 Unknown
180 479.066 5.77 TXB2 d4 28.2 0.313 0.81 Unknown
181 479.373 15.60 C10 d19 19.1 0.844 1.49 Unknown
182 480.308 13.79 HTE d5 27.6 0.039 0.73 Unknown
183 480.309 12.92 HTE d5 22.9 0.742 1.10 Unknown
184 485.016 1.22 HTE d5 19.5 0.641 0.89 Unknown
185 485.392 13.64 C10 d19 26.2 0.250 0.65 Unknown
186 487.400 15.78 AA d8 29.8 1.000 1.09 Unknown
187 496.966 13.89 TXB2 d4 27.7 1.000 1.04 Unknown
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Figure 48. Scatter plot showing the relation of retention time and m/z for all 187 found
features, grey dots: unknown, yellow daldelleddots: identified; n = 8 for each group.
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Figure 49. Principal component analysis (PCA), unsupervised of all identified features
showing grouping of the samples depending on the treatment (yellow: resting platelets,
blue: thrombin treated). Green stars: quality control (QC) samples. Weighting:
logarithmic, €aling: Pareto withoutentring A: PCA,B: Model overview, n = 8 for each

group.

Figure 50. OPLSDA for all found features showing grouping of the samples depending
on the treatment (blue: resting platelets, red: thrombin treated). Weighting: logarithmic,
scaling: Pareto withoutentring A: OPLS,B: Model overview: S-plot, n = 8 for each

group.
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