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Abbreviation

CID: collision-induced dissociation; CV: coefficieof variation; DAMP: damage associated
molecular pattern; DMPC: 1,2-dimyristosi-glycero-3-phosphocholine; HCD: high-energy
collisional dissociation; HOOAPC: 1-palmitoyl-2-{Bdroxy-8-oxo-octenoyln-glycero-3-
phosphorylcholine; LC-MS/MS: Liquid chromatograpbgupled on-line to tandem mass
spectrometry; LPC: lysophosphatidylcholine; LPPRpidi peroxidation product; oxLDL:
oxidized LDL; oxPL: oxidized phospholipid; PAPC:phimitoyl-2-arachidonoysn-glycero-
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3-phosphocholine; PC: phosphatidylcholine; PEIPqalmitoyl-2-epoxyisoprostaneEse+
glycero-3-phosphocholine; PGPC: 1-palmitoyl-2-giykesn-glycero-3-phosphocholine;
POVPC: 1-palmitoyl-2-(5-oxovaleroyla-glycero-3-phosphorylcholine; PL: phospholipid,;
TS: truncation score; XIC: Extracted ion chromaswgs.

Abstract

Oxidized LDL (oxLDL) has been shown to play a calcrole in the onset and
development of cardiovascular disorders. The studyoxLDL, as an initiator of
inflammatory cascades, led to the discovery of etyaof oxidized phospholipids (oxPLs)
responsible for pro-inflammatory actions. OxidiZe@almitoyl-2-arachidonoy$n-glycero-3-
phosphocholine (PAPC) is frequently used by therdfic community as a representative
oxPL mixture to study the biological effects of dizied lipids, due to the high abundance of
PAPC in human tissues and the biological activitiesxidized arachidonic acids derivatives.
Most studies focusing on oxPAPC effects rely orhause prepared mixtures of oxidized
species obtained by exposing PAPC to air oxidatitere, we described a multi-laboratory
evaluation of the compounds in oxPAPC by LC-MS/Ntigusing on the identification and
relative quantification of the lipid peroxidatiorrgolucts (LPPs) formed. PAPC was air-
oxidized in four laboratories using the same prokdor 0, 48, and 72 hours. It was possible
to identify 55 different LPPs with unique elementaimposition and characterize different
structural isomeric species within these. The sgltywed good intra-sample reproducibility
and similar qualitative patterns of oxidation, e tnost abundant LPPs were essentially the
same between the four laboratories. However, tivere substantial differences in the extent
of oxidation, i.e. the amount of LPPs relative tumodified PAPC, at specific time points.
This shows the importance of characterizing aidad PAPC preparations before using
them for testing biological effects of oxidizeditlp, and may explain some variability of

effects reported in the literature.
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1. Introduction

The role of oxidized LDL as an initiator of inflanatory cascades that contribute to the
pathogenesis of cardiovascular disorders includithgrosclerosis, led to the discovery of a
variety of oxidized phospholipids (oxPLs) importafor the fine tuning of innate and
adaptive immune responses [1-3]. OxPLs formed wiaymatic or free-radical driven
reactions are closely associated with systemic xedwbalance and low-grade chronic
inflammation, and thus have been intensively stlidiem structural, chemical, biophysical,
and biological perspectives over the last decad®&3}[4VNithin the generic classification of
oxPL, the oxidation products of 1-palmitoyl-2-aratdnoyl-sn-glycero-3-phosphocholine
(PAPC), which have been identified as some of tlwadlive components in minimally
modified LDL, are the oxPLs most often used to gttlte biological effects of oxidized
lipids [9]. Furthermore, PAPC is among the mostralant PLs in human tissues [10].
Arachidonic acid, present in thea-2 position of PAPC, can form a very diverse ranfe
oxidation products, many of which have already b&®swn to be bioactive in their free fatty
acid forms. Indeed, numerous studies have demoedtithe pro- and anti-inflammatory
properties of, for example, eicosanoids, whichgaeerated from arachidonic acid via action
of dedicated enzymes or free radical driven lipgdoxidation [11-13]. However, the action
of PC-esterified eicosanoids has been relativedy \eell studied.

A variety of bioactivities have been attributedotadized PAPC (oxPAPC). It has been
identified as a major pro-atherogenic factor anotipflammatory mediator [14,15], but in
contrast anti-inflammatory properties of oxPAPC énaalso been demonstrated [13,16].
OxPAPC has been shown to induce both the disrup®rwell as enhancement of the
endothelial barrier [17,18], and recently a proesig effect of oxPAPC, via stimulation of
transient receptor potential channels TRPA1 and VRPwas demonstrated [19,20].
OxPAPC was also shown to act as a damage assoadiabéetular pattern (DAMP),
activating classical and non-classical pattern gaitmn receptors. Thus, oxPAPC released
from injured tissues was shown to be recognizedhbyine caspase-11 and CD14 leading to
inflammasome activation and release of pro-inflanama cytokines, and this pathway
demonstrated differential regulation in macrophames dendritic cells [21-23]. The variety
of biological effects of oxPAPC are well establidhend their conflicting properties have
been discussed recently [24—26].

One of the main obstacles in elucidating the e$festPLs on biological systems is the
almost complete lack of commercially available ah@mically characterized standards for

each individual oxPL product. Thus, to study thbkiological properties, a mixture of
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products, usually referred to as “oxPAPC” is oftesed. The majority of the studies on
oxPAPC effects rely on commercial or in-house prafans, usually obtained by exposing a
dried film of PAPC to air oxidation for up to 72 Experimental details such as room
temperature, light exposure, thickness of the pholgpid film and oxPAPC quality control
are usually not provided. Given the variety of bgital functions attributed to oxPAPC in
different cellular andn vivo models, which may be dependent on variations mpa
preparation affecting the precise composition o¢ WxPAPC, we performed a multi-
laboratory study with the aim of evaluating therogjucibility of PAPC oxidation upon air
exposure for 48 and 72 h. Liquid chromatography ptedi on-line to tandem mass
spectrometry (LC-MS/MS) was used to identify ligpdroxidation products (LPPs) formed
upon PAPC oxidation, and the relative quantitied.BPs formed were compared between
samples generated independently in four diffenet@rnational laboratories.

2. Materialsand Methods
2.1 Materials

1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphoahel and  1,2-dimyristoyl-sn-
glycero-3-phosphocholine were purchased from Av&uaar Lipids (Avanti Polar Lipids,
Inc., Alabama, USA). In laboratory 1 (L1) acetoitgtr isopropanol, water, methanol,
ammonium formate (Optima LC-MS grade), chloroformd &ormic acid (LC-MS grade)
were obtained from Fisher Scientific (Loughboroughs). In laboratory 2 (L2) HPLC-MS
grade chloroform, methanol, acetonitrile and ispprml were purchased from Fisher
Scientific (Leicestershire, UK). Formic acid wasrfr Honeywell Fluka (Neu Wulmstorf,
Germany). Ammonium formate was obtained from Sigkidrich (Sigma-Aldrich, Munich,
Germany). The water was of Milli-Q purity (SynergyWillipore Corporation, Billerica,
MA). In laboratory 3 (L3) acetonitrile, isopropanabater, methanol, ammonium formate
(Optimd™ LC/MS grade) and chloroform (LC/MS grade) were aiéd from Fisher
Scientific (Schwerte, Germany). Formic acid (LC-M&de) was purchased from Sigma-
Aldrich (Sigma-Aldrich, Munich, Germany). In labooay 4 (L4) acetonitrile, isopropanol,
methanol, and formic acid (all ULC-MS grade) wen®ni Biosolve (Valkenswaard,
Netherlands). Ammonium formate and chloroform wdrem Sigma-Aldrich GmbH
(Taufkirchen, Germany).

2.2. OxPAPC preparation.

OxPAPC was prepared either in one laboratory (LB)imaependently in four

participating laboratories following the protocastribe below. A mixture of 1-palmitoyl-2-
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linoleoyl-sn-glycero-3-phosphocholine (PAPC; 50 upg) and 1-2udstoyl-sn-glycero-3-
phosphocholine (DMPC; 2.2 ug; a fully saturated #®8d as internal standard for relative
guantification) in chloroform was dried under aatn of N in a 2 mL amber flat bottom vial
to form a thin film at the vial bottom (three indgqlent replicates). The lipid film was
exposed to air at room temperature (L1 — 22-25%C-116°C, L3 —28°C, L4 —25°C) for 0,
48 and 72 hours. After incubation the vial wasefillwith N, tightly sealed and stored at -
80°C. Samples from L3 were sent to the other labaes on freezer blocks at -20°C .

2.3. LC-MS/MS analysis.

The experimental replicates (n=3) of sample prapareL3 (0 and 72 h of oxidation;
analysed by L1, L3, and L4), as well as samplegiggad independently in each of the four
participating laboratories and analysed there, wieezl to assess inter-laboratory variability.
In L4, experimental replicate 1 was analysed iplitate on three consecutive days, to assess
intra- and inter-day analytical variability. Comphle chromatographic conditions and the
best available tandem MS instrument were useddritlaboratories. Details on LC-MS/MS
are provided inTable 1 and Supplementary Methods section. Briefly, UHPi&parations
were performed on C18 reverse phase columns usmayybsolvent systems containing
water, acetonitrile, methanol and isopropanol, wathmonium formate (5 mmol/L) and
formic acid (0.1%) as additives [27}4S analyses were performed using data-dependent
acquisition (DDA) in positive and negative ion med@able 1 and Supplementary
Methods).

2.4. Automated identification of lipid peroxidation products (L PPS).

LPPtiger software source code version was used lifpd identification ([28];
https://bitbucket.org/SysMedOs/Ipptiger). PAPC waddized in silico using theoretical
oxidation level 2. The list of modifications incked hydroperoxy, hydroxy, epoxy, and keto
groups with the maximum number equal to the nunobdais-allylic and allylic sites in the
structure. The oxidative cleavage products witlelydle and carboxylic acid on the terminal
carbon were included. LPPtiger predicted 345 unigmedized fatty acyl chains
corresponding to 692 discrete oxPAPC species inmuulyso species. All raw spectra were
converted into mzML format using ProteoWizard MSgem (Version 3.0.9134 64bit) and
the following parameters were used for all file$z range 400 to 1000, isotope score filter
80, and overall score filter 40. For L1 files 50ppn MS level and 200 ppm on MS2 level
were used as mass tolerance thresholds. For LANAdB| 4 mass tolerance of 10 ppm on MS
and MS2 levels was applied. Analysis was performsithg the integrated batch mode of
LPPtiger on a workstation equipped with 2 CPUsdB8&s) and 128 GB of RAM in L4.
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2.5. Relative L PPs quantification.

15 LPPs detected in all four laboratories and nesly reported in the literature as a
component of oxPAPC [9,11,13,14,16-18,23,29,30] ewathosen for the relative
guantification Table 2). Peak area for each lipid was integrated and albzed relative to
the DMPC lipid used as non-oxidizable internal dead. Average percent values for each

LPP relative to PAPC were calculated using norredligeak areas.

2.6. Statistical analysis.

Coefficient of variation (CV%) was calculated usitige following equation CV% =
DevSTD/AverageRelativeArea*100 for each LPPs uswgmalized peak areas. Principal
component analysis was performed using normalizedk prea of 15 LPPs from L3 prepared
samples analyzed by three laboratories (L1, L3 lafidusing EZinfo (version 1.0, MKS
Instruments, Crewe, UK). ANOVA (Single Factor) arsé¢ was performed by Analysis
ToolPak Excel Add-In for each LPPs using normalipedk areas.

2.7. Nomenclature.

Lipid nomenclature is based on the LIPID MAPS cotism recommendations [31].
For instance, the shorthand notation PC 36:4 reptssa phosphatidylcholine lipid
containing 36 carbons and four double bonds. Wherfdtty acid identities ansh-position
are known, as in our case, the slash separat@ed (e.g., PC 16:0/20:4). Since no unified
nomenclature is available for oxidized lipids, gtert hand notations provided by LPPtiger
tool were used [28]. Short chain oxidized lipidsevendicated by the corresponding terminal
enclosed in angular brackets (e.g. “<” and “>")ttwthe truncation site indicated by the
carbon atom number (e.g., <COOH@C9> and <CHO@ @ ®&).long chain products our
recommendation is to indicate the number of oxyagdition after the fully identified parent
lipid (e.g. PC 16:0/20:4 + 10) when the type ofitdd is not known, or in parenthesis for
known functional groups (e.g. PC 16:0/20:4[1xOH@B11
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laboratories.

Table 1. Summary of LC-MS/MS methods used for the analgsisxPAPC in four different

L1 L2 L3 L4
Chromatography
Column | Accucore™ C18  ACE Cc18 Accucore™ C18 Accucore™ C18
Column phase Solid core, C18| goid core, C18|  Solid core, C18  Solid core, ClL8
Dimensions | 1°0X2.1mm | 150 0.5 mm 150 x 2.1 mm 150 x 2.1 mm
Particle size 2.6 um 5um 2.6 um 2.6 um
Pore size 150 A 100 A 150 A 150 A
_ isoprop_ar_10|: is&g;ﬁgﬁgﬁk isoprop_ar_ml: isoprop_ar_ml:
Gradient acetonitrile: acetonitrilé: acetonitrile: acetonitrile:
water water water water
Temperature 50 °C 40 °C 50 °C 50 °C
Tandem MS
Orbitrap
Instrument | 5600 TripleTORF  Q Exactive™ Egrsr:ggl': Q E);a}ﬁ';ivem
Tribrid™
MS1 200-1500mz 400-1200m/z 450-1200wz 380-1200mz
Resolution High sensitivity, 70,000 120,000 140,000
DDA top # 5 5 15 10
Fragmentation CID HCD HCD HCD
CE 35V, 10V CES| NCE 20, 23,25 NCE 20 +/- 10 NCEH-%%
Re,f/losgtion High sensitivity 17,500 15,000 17,500
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3. Results and Discussion
3.1 I dentification of L PP speciesin air oxidized PAPC.
To evaluate the extent of PAPC oxidation and idertthe LPPs formed, oxPAPC

samples prepared in four different laboratories-4) were analysed by LC-MS/MS using
reverse phase separation on C18 columns and da¢srdient acquisition on four different
MS instruments {able 1). OXPAPC mixtures were analysed in both positiad aegative
ion modes. Positive ion mode data were used fativel quantification, given the higher
ionization efficiency of PC lipids as protonatedagiimolecular ions, whereas the negative
ion mode data were used for identification of LRRased on tandem mass spectra of the
formate adduct or deprotonated ions, as the negdtm fragmentation data contains
informative fragment anions of the modified acyauts.

Fig. 1 shows representative positive ion mode base pbeadmatograms for three
different time points of PAPC oxidation obtainedrr the four laboratories. Representative
negative ion mode base peak chromatograms are sino®upplementary Fig. S1. DMPC,
which contains two fully saturated C14:0 acyl clsanas spiked into all preparation at equal
guantities (PAPC:DMPC, 20:1 molar ratio) and wasduas an internal standard for relative
guantification. The general pattern of oxidatiorswary similar between all laboratories. At
the 0 h time point two main signals, correspondm®MPC Wz 678. 51) and native PAPC
(m/z 782. 57), are clearly visible, with almost a complete afzseof LPPs. After 48 h of air
exposure, a large number of signals for analytels shorter retention times than PAPC can
be observed, indicating the presence of specidshigher polarities than native PAPC. After
72 h, most of the signals eluted towards the beaginrof chromatographic gradients,
generally in the first third, corresponding to e¢kahortened oxidation products, accompanied
by a corresponding decrease of the signals elutinthe middle third of the gradient,
corresponding to long-chain oxidised products, a @& decrease the native PAPC signal

which appears towards the end of the gradient.
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227  Fig. 1. Positive ion mode base peak chromatograms of PigRCoxidized by air exposure
228 for 0, 48 and 72 h and analysed using reverse ptiasenatography coupled on-line to
229 tandem mass spectrometry detection in L1 (A), LR (B (C) and L4 (D).

230

231 LPPtiger, a new software for the identification afidized phospholipids from data-
232 dependent LC-MS/MS datasets, was used for the atéoimdentification of LPPs in the
233  oxPAPC preparations [28]. LPPtiger performs idérdiion based on the fragment ions
234 observed in CID or HCD experiments in the negatore mode. The presence of specific
235 anions corresponding to native and oxidized acgireghin PLs allows identification of the
236  oxidation type, whereas fragment ions and specaéctral losses provides identification of
237  PL class. Identification of positional isomers adPh is not supported by the current version
238  of the software, but the MS/MS based identificatafnoxidized fatty acyl chains together
239  with isotopic scores correction provide a solid iba®r the identification of molecular
240  species.

241 Overall 55 different LPPs with unique elemental positions were identified,

242  providing 143 potential LPPs after considering tiomal group isomersSupplementary
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Table S1). The 55 identified LPPs covered a number of déifé types of oxidative products,
including the lysophosphatidylcholines (LPC) LPC@6and LPC(20:4), as well as 40 short
chain and 15 long chain LPPs. 24 LPPs were idedtitoy all three laboratories that
performed DDA analysis (L2 used an inclusion ligtdtion and thus was not considered for
this comparison), and 45 LPPs were identified by taboratories. Overall, all of the main
LPPs generally regarded as being present in oxPibB@ires were successfully identified
by LPPtiger at the MS/MS level, including the trated species 1-palmitoyl-2-(5-
oxovaleroyl)sn-glycero-3-phosphorylcholine (POVPQwz 594.38) and 1-palmitoyl-2-
glutaryl-sn-glycero-3-phosphocholine (PGPGwz 610.37), long chain products with
hydroperoxy, hydroxy, and keto groups, and 1l-payhR-epoxyisoprostaneE&+glycero-
3-phosphocholine (PEIP@yz 828.54).

The different numbers of LPPs identified by LPPtifem the MS/MS data from the
four laboratories most probably relates to theedéhces in MS methods and instruments
used in the study. Thus, the highest number of L*&sidentified by L3 utilizing a Tribid
Orbitrap Fusion Lumos, which is capable of acqgidnhigh number of tandem mass spectra
(15 MS/MS) per one survey scan, followed by L4 &ddin which top 10 and top 5 DDA
methods were applied using a Q Exactive™ Plus afddigeToF 5600 respectively. L2
performed targeted acquisition using inclusionsligor 63 LPPs, of which 12 were

successfully identified.

3.2. LC-MS/M S based identification of isomeric L PPs.

Reverse phase chromatographic separation alloweedetolution of multiple isomeric
LPP species. The C18 phase proved to be a goadnsiat phase for the separation of the
relatively polar analytes formed by the oxidatidnPh.s, which are characterized by a mid-
range polarity compared to the other lipid clasBezerse phase separation strongly depends
on the hydrophobicity of the analyte, usually ddssat by the partition coefficients logP and
logD [32], along with to a lesser extent some otpkRysico-chemical properties, such as
dipole-dipole interactions, proton acceptor/donaeractions and analyte polarizability. In
comparison with native PAPC, which has a logP Boduction of a single hydroxy group
results a shift of the logP to 7.2, whereas pres@fthree hydroxy groups or the isoprostane
ring structures (e.g. PGERfurther shifts the logP values further to 5.1 @bl respectively.
The use of a C18 stationary phase with an isopaparetonitrile-water elution gradient
ensures optimal binding of these mid-polarity ligidalytes while still providing efficient

separation of lipid species. The combination of I9€paration with tandem mass
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spectrometry allows the acquisition of separatedéam mass spectra for the separated
isomeric LPPs, and CID or HCD fragment spectra meduin the negative ion mode
provides the information necessary to identify tiype and often the position of the
modification.

Fig. 2 illustrates three examples of LC-MS/MS based idieation of short chain
oxPAPC species.

Extracted ion chromatograms (XICs) for POVP&g( 2) in negative ((M+HCOOH-
H*], myz 638.37) and positive ([M+H, m/z 594.38) ion modes both had two
chromatographic peaks with a retention times of &8 6.1 min. Although the POVPC
signal was already present at the 0 h oxidatioe fimint, the intensity of this LPP increased
by more than two orders of magnitude over the didaime course (e.g. from 5e4 counts at
Oh to 8e6 counts at 72 h for the example showfign 2 of the analysis performed by L3).
The positive mode HCD tandem mass spectra showedrdsence of the fragment ion
characteristic of the PC head grouprét 184, whereas the negative ion mode tandem mass
spectra acquired at 5.1 and 6.1 min provided metaildd information on LPP structure. For
example, the fragment ion at’z 578.35 corresponded to the loss of formate ancetnyh
group, a characteristic loss for the PC head grétpe. most informative region was where
anions of palmitic acidn{/z 255.23) and the five carbon long modified acylichaith a C5
terminal aldehyde could be detectenlz155.04). The differences in MS/MS spectra taken at
the different retention times can most likely beilatited to thesn-1/sn-2 positions of the two
fatty acyl chains. Thus, the most intense signairg at 6.1 min most probably corresponds
to 1-palmitoyl-2-(5-oxovaleroyl¥n-glycero-3-phosphorylcholine whereas the signab.ét
min, which has a higher intensity of th&z 115.04 ion, is probably due to the positional
isomer 1-(5-oxovaleroyl)-2-palmitoya-glycero-3-phosphorylcholine [33,34]. Similarly,
two chromatographic peaks were observed in the &Itbe mass of PGPGypplementary
Fig. S2), and the XICs generated from both positive angatige mode data showed up to a
three orders of magnitude increase in PGPC sigmaf the oxidation time course. The
fragmentation data showed a different ratio betwde® anionic acyl chain fragment
intensities Yz 255.23 for palmitic anan/z 113.02 and 145.05 for glutaric acid), and the
fragmentation spectra in negative ion mode wereatherized by the diagnostic neutral loss
of 59 Da from the parent (fragmentraiz 549.28), corresponding to loss of gEOOH from
a terminal carboxylic acid, and the two fragmemisioelated to the short chain oxidized FA
(m/z 113.02 and 145.05). These fragmentations witlhna of 32 Da are due to the

rearrangement of the polar head group, as hasdesenibed previously [35].
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1-palmitoyl-2-(5-hydroxy-8-oxo-octenoyfa-glycero-3-phosphorylcholine
(HOOAPC), a previously reported short chain oxidizgid in oxPAPC preparations, was
also already present at time 0 h, and increasdu timte by up to two orders of magnitude
(Supplementary Fig. S3). Once more, it was possible to identify the pneseof two
chromatographic peaks showing a different ratioveen the intensities of the acyl chain
anion signals. The loss of formate and methyl gsanmegative ion mode and the polar head
group PC characteristic fragments in positive ioode were observed. A diagnostic ion
confirming the hydroxyl group to be on an eightomar long truncated acyl chain was present
atm/z 153.06, resulting from water loss relative to shert chain oxidized FAn§/z 171.07).

Fig. 3 shows three examples of LC-MS/MS based identificadf long chain oxPAPC
species. In this case, the XICs are much more @milan for the short chain LPPs,
indicating the presence of multiple isomeric spgcieor example, at least 11 different
chromatographic peaks, 8 of them showing baselaparation, were detected for a mass
corresponding to PAPC with the addition of one a@tygFig. 3). Furthermore, the
chromatographic profile differed at the three okmiatime points. At O h all 11 peaks were
present, while after 72 h some had disappeared.ffHgenentation spectra in positive ion
mode showed, as expected, a major fragment ion fr@mPC head group, but it was also
possible to see a fragment ion resulting from s lof 18 Da, corresponding to the loss of
H,O which is diagnostic of an OH group. Negative ronode tandem mass spectra allowed
the identification of many of the modification isems. Thus, the isomeric PAPC oxidation
products with a hydroxy (RT 13.1) or an epoxy (R3I9) group were identified based on the
diagnostic ions atv/z 127.08 and 155.07 respectively, with the hydroryug identified as
being at position C7, and the epoxy group at CHf@n the ion atn/z 191.18).

Supplementary Fig. S4 shows the identification of PAPC with the additiohtwo
oxygens, where the XIC shows six main peaks at fmats 0 h and 48 h, while at 72 h
additional chromatographic peaks with shorter taentimes were present. In positive ion
mode the earlier eluting peaks showed one and ®utral losses of water molecules (-18
and -36 Da), typical of dIHETE derivatives, whileetlater eluting signals were characterized
by the neutral losses of 18 and 34 Da, diagnostipid hydroperoxides. Furthermore, with
these species for the first time we could identifynegative ion mode a diagnostic fragment
ion (m/z 335.22) from the dIHETE-PC, corresponding to aigmhic acid carrying two
hydroxyl groups, whereas for the hydroperoxide aiming oxPAPC the predominant signal

was detected atVz 317.21 (single water loss). Occasionally, it wasnepossible to detect a

13



344
345
346
347
348
349
350
351
352
353
354
355

signal atm/z 331.23 corresponding to [FA 20:4 + OOH - 2H] afmrmacteristic fragments
ions at 203.18 and 129.06z, diagnostic for a hydroperoxide group at positi

Supplementary Fig. S5 demonstrates the identification of a long chairdimed PAPC
derivative characterized by the addition of thrgggen atoms and the loss of two hydrogens.
The intensity over the oxidation time course inseghby one order of magnitude between 0
and 48 h and then remained approximately const&et.most studied product with this mass
is PEIPC. The fragmentation spectrum in negative nde is shown irsupplementary
Fig. 5B. All previously reported [36] diagnostic fragmenhs were presentr(z 331.19,
313.18, 305.21, 287.21, 269.19), including the ati@ristic ions for the epoxy group at the
position C5-C6 (m/z 233.15, 215.14, 203.14, 147015.04). In positive ion mode the
fragmentation spectra were characterized by thesp&Ciic fragment ion (184.0Vz) and
diagnostic OH neutral losses (loss of 18 and 36 Da)
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359 related signals in the negative mode MS/MS spdeta the anion of FA 16:0 in blue, oxFA
360 in orange and green, and LPC fragment derived asfMine FA in pink) corresponds to the
361  color-coding of fragments assigned to proposedsiras illustrated in the lower panel.
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Fig. 3. Extracted ion chromatograms (A), HCD tandem ma&stsa in negative (B), and
positive ion mode (C) and proposed structure (DPAPC with the addition of one oxygen.
Color-coding of structure-related signals in negatnode MS/MS spectra (e.g. the anion of
FA 16:0 in blue, oxFA in orange and green, and fR@ment derived as NL of one FA in
pink) corresponds to the color-coding of fragmexgsigned to proposed structures illustrated
in the lower panel.

3.3. Relative quantification of LPPsin air oxidized PAPC

15 LPPs, including lyso PCs (LPCs), short and lohgin oxidation products, were
selected for relative quantificatioil éble 2). Before evaluating the reproducibility of PAPC
air oxidation in the four different laboratoriestra- and inter-laboratory analytical variability

was examined.

Table 2. Elemental composition and proposed structures Her 15 LPPs in the oxPAPC
mixture used for quantification. For each LPP theace mass andwz values for
corresponding formate adduct (ov¥z deprotonated ions in case of short chain LPPs with

carboxylic acid terminal groups, marked with *) gimdtonated ions are provided.
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Formula_ Proposed structures Exact mass neg m/z pos m/z
Neutral [M+HCOOT | [M+H']
Cy4Hs50oNO,P LPC(16:0) 495.3325 540.3307 496.3398
CysHs5oNO,P LPC(20:4) 543.3325 588.3307 544.3398
Cy9Hs6NOgP PC(16:0/5:0<CHO@C5>) 593.3692 638.3669 594.3670
Cy9H56NO; P PC(16:0/5:0<COOH@C5>) 609.3636 608.3564* 610.3715
C3;HsoNO3 P | PC(16:0/8:1[10H]<CHO@C8>) 649.3949 694.3931 650.4022
C3;Hg;NOGP PC(16:0/10:2<CHO@C10>) 659.4157 704.4139 660.4235
Cs;HesNOoP PC(16:0/13:3<CHO®@C13>) 699.4470 744.4452 700.4548
Ca4H7sNOgP PC(16:0/20:4) +10 — 2H 795.5409 840.5391 796.5482
Ca3HgoNOGP PC(16:0/20:4) +10 797.5565 842.5547 798.5638
CasH76NO1P PC(16:0/20:4) +20 — 4H 809.5201 854.5183 810.5274
CasHgoNO; P PC(16:0/20:4) +20 813.5514 858.5496 814.5587
CasH75NO,; P PC(16:0/20:4) +30 — 2H 827.5307 872.5289 828.5380
CasHgoNO, ;P PC(16:0/20:4) +20 829.5464 874.5446 830.5536
CasHgoNO,,P PC(16:0/20:4) +40 845.5413 890.5395 846.5486
CasH75NO43P PC(16:0/20:4) +50 — 2H 859.5205 904.5187 860.5284

The LC-MS method used for relative LPP quantificathad already been validated in
different laboratories for the analysis of compligidomes [27,37]. To provide an estimation
of the likely intra-lab accuracy of the quantificet results for the LPPs, L4 evaluated intra-
sample as well as analytical variation (CV%) bylgriag one experimental replicate of the
oxPAPC preparation for each oxidation time pointtbree consecutive days. Normalized
peak areas were calculated for both positive agatne ion modesSupplementary Table
S2). The coefficient of variation was under 20% fdir l&°Ps at all time points, except for
LPCs at time 0 h, which showed higher inter-dayiakality (up to 34%), probably as the
storage of the oxPAPC sample over 3 days at -8@G3€s not prevent the oxidation or

hydrolysis process completely.

To assess inter-laboratory analytical variance AX® samples generated in L3 (0 and
72h oxidation) were analyzed in three differentolabories (L1, L3 and L4). Normalized
peak areas were calculated and used to perforntiplen component analysis (PCA,;
Supplementary Table S3). As expected, the analyses for the 0 and 72 & goints are well
separated on the PCA plot, whereas the analyteqaicates are tightly clustered. The O h
data is also well clustered, but there is cleaass®n at 72h for each laboratory. The first
two principle components on the PCA scores fopplementary Fig. S6) explain 85 % of
the variation. The first principle component denmomies separation based on the time of

PAPC air exposure, whereas second principle commdeg&plaining 18 % of the variation)
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corresponds to separation based on inter-laborastyument variations; samples analysed
by L1 are grouped together at the bottom of the RCaéres plot, while L3 and L4 analysed
samples cluster more closely together. The minoiatrans explained by second principle
component (18%) are probably due to the type ofsnaaslyzers used in the study (L1 - Q-
TOF mass spectrometer; L3 and L4 - quadrupole-@qpiv1S).

Furthermore, to compare the impact of sample pegjosr at different locations with
the variation in analysis of a single, centrallyegared sample analyzed in different
laboratories, we performed PCA of the normalizedkpareas of the 72h samples generated
in L3 and analysed in L1 (labeled L1a) and L4 (lebeL4a) and the samples generated
independently by the four laboratories and analysetthose laboratories (L1, L2, L3, and
L4) (Supplementary Tables S3 and S5, Fig. 4). It is clear that the data for the sample
centrally generated in L3 but analysed at diffeteaations cluster closely together and show
minimal variation, while the samples generated iffecent locations showed much higher
distribution. This demonstrates that the main vergawas in the sample preparation, and that
the analysis of the same sample at different ldboes, using three different instruments
(L2:5600 TripleTOF, L3: Orbitrap Fusion™ Lumos™ And™ and L4: Q Exactive™
Plus), gave statistically very similar results. Tieproducibility of analysis across the four
laboratories is supported by the 0 h dat&Bupplementary Fig. S6, which is also tightly
clustered.
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Ellipse (95%) = (9.8; 4.0)

Fig. 4: PCA scores plot for normalized LPPs peak areampde generated at 72h in L3 and
analysed in three different laboratories (Lla, LBd alL4a), and samples prepared
independently in the four laboratories (L1, L2, IL3}). Violet squares — L1, blue squares —

L1la, blue stars — L2, pink circles — L3, yellownatigle — L4, orange triangle — L4a.

Combining the results of the relative quantificatiof 15 LPPs from oxPAPC
preparations produced and analyzed independentlipun different laboratoriesHg. 5,
Table 3 andSupplementary Table $4), six LPPs were among the most abundant signals in
all labs and could be routinely identified and difsed, and therefore were chosen to serve

as representatives of the oxPAPC mixture at thendB72 h time points.
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428
429  Fig. 5. Relative quantities (expressed as % of unmodPA®C after the normalization to internal standafd)5 representative LPPs from PAPC exposed to
430 air oxidation for 0, 48 and 72 h. Graphs are shdéovrthe time course at individual laboratories: (&), L2 (B), L3 (C), and L4 (D) at O h, 48 h and 2
431 Identifications for each of the LPP masses carobad in Sipplementary Table S1.
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Table 3. The most abundant LPPs in air oxidized PAPC pedjmars for each laboratory (L1-
L4) quantified relative to unmodified PAPC afterrmalization of corresponding peak areas

to internal standard.

giveasm/z valuléptl):;,protonated ions L1 L2 L3 L4

594.38 24 % 232 % 211 %
610.37 39 % 99 % 195 %
650.40 13 % 25% 103 %
814.56 11 %

828.54 18 % 28 % 97 % 149 %
830.55 15 % 42 %

846.55 18 % 55 % 98 % 157 %

These correspond to three sharni7594.38, 610.37, 650.40), and three long chain
(m/z 828.55, 830.55, 846.55) LPPs. Based on the results of the MS/MS idemiiitns, the
short chain LPPs can be assigned to POVPC, PGPEI@@RAPC. For the long chain LPPs
eachm/z value, and thus elemental composition, can coora$po several isomeric species
(Table 2 andSupplementary Table S1). For instance, the LPP with elemental composition
CasH7eNO1;1P (Wz 828.55), usually referred to in oxPAPC mixtures as epsagrostane E2
containing PC (PEIPC), could also be representedhbyfollowing combinations of the
functional groups on a long chain LPP derived frafa [OOH and keto], [20H and keto],
[2 epoxy and keto], and [epoxy, OH and keto]. THePE with elemental compositions
C44HgoNO11P (e.g. 30OH or OH + OOH) and4£EigoNO1-P (e.g. 40H or 200H) are clearly
represented by a mixture of isomeric structuress@se of these were at least partially
separated by chromatography in this study. Howewerthe relative quantification reported
here the total peak area for eanfz were combined to report overall abundance of fathe
LPP isomers in order to be comparable with prewjousported values for oxPAPC
mixtures, which have commonly been analyzed byctiiafusion methods where the
isomeric species have not been differentiated.

Although the most abundant LPPs were essentialyy same between all four
participating laboratories, the abundances of aeidlilipids relative to unmodified PAPC
were quite differentKig. 6). Thus, after 48 h air exposure the oxPAPC prepamel3
showed the highest oxidation levels, with POVPQge¢he most abundant LPP formed (245
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% relative to unmodified PAPC). Among the long chaPPs, the signals at/z 846.55
(128 %) and 830.54(96 %) were the highest after 48 h of air exposAfter 72 h exposure
to the air oxidation, the highest LPPs quantitieserdetected in L4, with POVPC (211 %),
PGPC (195 %) and long chain LPPav#t 846.55 (149 %) and 830.54(157 %) being the
most abundant.

48 h
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Fig. 6. Relative quantities (expressed as % of unmodiH@dPC after the normalization to
internal standard) of 15 LPPs in PAPC exposed ¢oaih oxidation comparing directly the
relative quantities identified in L1, L2, L3, and lat 48 (A) and 72 h (B).
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Thus, overall relative abundances for the same LiBduced in four laboratories
differed markedly across the time course, and bioujB.5-fold (e.g. signal at/z 828.55 in
L1 and L4) even after 72 h of PAPC oxidation. Thestrwvariation between laboratories was
seen at the 48 h time point and by 72 h the pofiteL2, 3 and 4 showed relatively similar
overall abundance of oxidized products, althoughveith significant variation in individual
species. In L1 the overall level of oxidation watl Bbw even after 72 h. ANOVA analysis
(Table S5) confirmed the statistical significance of thefeliences, with p-values below 0.05
for all quantified LPPs except PGPC at the 72 letpuint.

One likely source of the difference in the oxidatiates could be small differences in
the laboratory temperatures during PAPC air expgsas average room temperatures in L1
were 22-25 °C, L2 16 °C, L3 28 °C, and L4 25 °Gs ttould result in changes in the rate of
the initiation of the free radical oxidation, whick then amplified by the radical chain
reaction. The laboratory temperature at which aidation of oxPAPC is performed is
usually not reported in publications and might kmgaificant confounder in reported results.
However, this is clearly not the only reason, as It had the lowest level of oxidation
throughout, but was not the coldest laboratory. tMagortantly from the point of view of
experiments that are dependent on bioactivity,etherclearly significant variability in the

rate of reaction and the distribution of oxidizedqucts produced.

Table 4. “Truncation score” (TS) for the oxPAPC preparatiaom the four participating
labs, calculated as the ratio between the summeddainces of three of the most abundant
short chain LPPs (signal a¥z 594.38, 610.37, 650.40) to three of the most abundant long
chain LPPs (signals at/z 828.54, 830.55, 846.55).

oXPAPC TS
48 h 72h
L1 0.48 1.00
L2 0.28 0.68
L3 121 1.46
L4 0.66 141

In the literature, as a very general classificabbibioactive compounds in air oxidized
PAPC preparations, short chain LPPs are usuallgcaded with pro-inflammatory effects

whereas long chain LPPs are often associated witirdlammatory or protective functions
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[17,24,25]. As is clear from the data presentedvabdespite the oxPAPC samples being
generated in the four different laboratories ugimg same protocol, which required minimal
sample manipulation (air exposure of the PAPC diiler), and each preparation giving rise
to approximately the same set of abundant LPPse tivas a high variability in the total
oxidation levels and in the extent of generationnafividual LPPs. For this reason, a MS
based evaluation for all in-house produced oxPARKures would be beneficial to clarify
their exact composition before testing the biolageffects.

Furthermore, a useful marker to help to charaaesk® APC samples could be the ratio
of short to long chain oxidation products, which stgygest could be called the “truncation
score” (TS). This can be calculated for each oxPAdegparation using the simple formula
TS =) % of short chain LPPs/ % of long chain LPPs. The TS calculated using, for
example, the three most abundant species from eladsification Table 3), would be
indicative of the ratio between short and long oha?Ps for each preparation, which is likely
to be one of the most important characteristicbfoactivity. A TS value equal to one would
indicate equal contribution of short and long chiaitPs, whereas TS > 1 and TS < 1 would
correspond to the prevalence of short or long ch&®Rs, respectively. The results from this
study using the six most abundant species are shoWable 4. This indicates that while the
overall oxidation levels from L2 and L4 at 72 hkagimilar in the base peak chromatograms
in Fig. 1, the preparation from L2 is higher in long chaomponents, while that for L4 is
higher in short chain. Therefore, although TS v&gy rough estimation for the prevalence of
short over long chain LPPs, it could be used toluata the oxidation state balance of
oxPAPC preparations before using them in biologegberiments. It is not necessary to
perform full LC-MS/MS characterization to determittee TS, as direct infusion MS data,
which are usually obtained to validate PAPC oxwmlatiby air exposure for in-house
preparations, could be used.

One should also bear in mind that not it is notyahle relative abundance of short
chain over the long chain LPPs important, but tladisolute concentrations are also highly
significant. However, given the wide variety of afieal structures within oxPAPC mixture,
and thus differences in ionization efficiency of R with various functional groups, pure

synthetic standards for each LPP class would banestjto perform absolute quantification.

4. Conclusions
We have performed a multi-laboratory evaluationanfoxidized PAPC preparations

from four different laboratories using LC-MS/MS &sas, focusing on the identification and

24



525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556

557

relative quantification of the LPPs formed. Highraasample reproducibilitand a very

similar overall pattern of oxidation between theurfolaboratories was demonstrated.
However, significant differences in the general eext of lipid oxidation relative to

unmodified PAPC were observed. Thus, we proposeahaVS based evaluation for all in
house produced oxPAPC mixtures should be perfoilmeéale using them to study biological
effects of oxidized lipids. Furthermore, we suggesitulating the “truncation score” as a
rough estimation of the balance between short ug lchain products of arachidonic acid

oxidation.
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Highlights

* Multi-laboratory evaluation of air oxidized PAPGeparations by LC-MS/MS.

» Identification and relative quantification of lipmeroxidation products (LPPS).

» OxPAPC preparations should be characterized by K8 pesting biological effects of
oxidized lipids.

* “Truncation score” is proposed as a rough estimadiooxPAPC oxidation status.



