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Figure Captions

Chapter 11

Figure 2.1. LC-MS/MS quantification of SIP (A) ceramide C16 (B) levels in HUVECs
treated with vehicle (Ctrl) or sortilin (sort), results are expressed as mean = SD (* p value
<0.05).

Figure 2.2. LC-MS/MS quantification of plasma S1P (A) and ceramide C16 (B) levels in
humans with or without hypertension. (C) Quantification of sortilin’s plasma level (normo-
tensive subjects, N=9; hypertensives subjects, N=24). Results are expressed as mean = SD.
Unpaired Student’s t-test was used (* p value <0.05). (D) Pearson’s correlation coefficient
analysis between sortilin and S1P plasma levels in hypertensive subjects.

Figure 2.3. Plasma sortilin levels (A), assessed by ELISA assay, and LC-MS/MS quantifi-
cation of plasma SIP levels (B) in normotensives, controlled and uncontrolled hyperten-
sives from the Moli-Sani Study; (N=81 normotensives, N=91 controlled hypertensives,
N=90 uncontrolled hypertensives). Results are expressed as mean = SD. Non-parametric
Kruskal-Wallis test with Dunn’s correction was used. (C) Pearsons’s correlation coefficient
between sortilin and SI1P plasma levels in the entire hypertensives population.

Figure 2.4. Plasma levels of ASMase activity in (A) Campania Salute Network and (B)
Moli-Sani study. Unpaired T-test (A) and Non-parametric Kruskal-Wallis test with Dunn’s
correction (B) were used. Results are expressed as mean = SD (* p value <0.05).

Figure 2.5. IIndividual sphingolipid species measured by LC-MS/MS in HUVECs treated
with vehicle (ctrl) or sortilin for 1 hr, (N=7). Results are expressed as mean £ SD. Unpaired

two-tailed Student’s t-test was used.

Chapter II1

Figure 3.1. Daily measurement of systolic (A), diastolic blood pressure (B) and heart rate
(C) in mice treated with saline or SP6 for 4 weeks. (D) Bar graph reporting weekly meas-
urement of mice body weight in both mice groups. (E) Representative immunofluorescence

staining of aortic arches from treated ApoE knockout mice, using the monocyte/macrophage
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marker CD68 and the smooth muscle cell marker aSMA; (F) Mean area quantification of
red (CD68) and green signals (aSMA) performed using RGB measurement in ImageJ.
Figure 3.2. DI-FT-ICR spectra of polar (red, ESI', green ESI) and lipids (violet ESI', blue
EST ) samples (A); Spectra enlargement showing the signal of metabolite indoxyl sulphate
(CsH7NO4S, HMDB0000806) and its simulated isotope pattern with molecular formula as-
signment (bottom, B).

Figure 3.3. Comparative analysis of polar (A) and lipid (D) plasma extracts of HFD
ApoE ™" mice treated with saline alone (red circle) and those treated with spirulina peptide
SP6 (green circle) expressed as PLS-DA score plot, with respective cross validation values
(B, E), R’ and (¥ indicate prediction accuracy and model robustness, respectively. The first
15 variables important in projection (VIP) identified by the corresponding PLS-DA were
reported (C, F).

Figure 3.4. HCD MS/MS spectra of relevant metabolites obtained by UHPLC-HRMS/MS
methods, A: SM36:1;02; B: LPC18:2; C: Citric acid; D: Indoxyl sulphate. MS/MS spectra
of other metabolites reported in table 3.1 are showed in supporting information figure
§2.4.

Figure 3.5. Pathway analysis of metabolic (A) and lipidomic (B) routes influenced by the
administration of SP6 peptide in HFD ApoE™" mice model. Pathway analysis was per-
formed on all significantly altered metabolites (p < 0.05) between the two groups. Whisker
box plots (red color: saline only group, green color: SP6 treated group) relative to sphin-

gomyelins, lysoPCs, tricarboxylic acids, amino acids (C).

Chapter IV

Figure 4.1. (4) PLS-DA score plot showing discrimination among Ap4el knock-out group
(red), wild-type animals (blue) and quality controls (green), (B) Subclass classification of
the putative identified compounds in the brain lipidome extract; (C) Distribution of identi-
fied lipids between employed spectral libraries.

Figure 4.2. Frequency distribution of ppm error (A), ACCS error (B) and MS/MS score (C)
of the identified lipids. Median values are reported.

Figure 4.3. Relative quantification of (A) 2-AG, (B) A4 and (C) SAG, from WT and KO
mouse brains (5 animals per group, horizontal bar indicates median). Data were subjected
to a two-tailed Mann-Whitney U-test: *p <0.05; ns p >0.05.

Figure 4.4. PCA 2D score plots built on lipids showing the discrimination between WT
(green) and KO (red).
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Figure 4.5. Summed signal intensities for monitored sphingolipids (A) and cholesteryl es-
ters (B), (WT, green; KO, red).

Figure 4.6. (4) Volcano plot of final dataset. The data for all lipids are shown as log?2 fold
change versus the -log10 of pvalue. Blue dots, red dots and grey dots indicate, respectively,
down-regulated, up-regulated and statistically not significant lipids in the direction com-
parison (WT/KO); (B) SAM plot graph indicating statistically significant lipids with green
dots; (C) VIP scores plot displays the best 15 lipids identified by PLS-DA. The colored boxed

on the right indicate the relative abundance in the group.

Chapter V

Figure 5.1. BPC (A) and heatmap of mobility space (B) of plasma lipid extract acquired in
positive mode (LPCs: Lysophophatidylcholines, LPEs: Lysophosphatidylethanolamines,
PCs: Phosphatidylcholines, PEs: Phosphatidylethanolamines, PGs: Phosphatidylglycerols,
SMs: Sphingomyelins, Cers: Ceramides, DGs: Diacylglycerols, TGs: Triacylglycerols,
CEs: Cholesteryl esters).

Figure 5.2. BPC (4) and heatmap of mobility space (B) of plasma lipid extract acquired in
negative mode (LPCs: Lysophophatidylcholines, LPEs: Lysophosphatidylethanolamines,
LPIs: Lysophosphatydilinositols, PCs: Phosphatidylcholines, PEs: Phosphatidylethanola-
mines, Pls: Phosphatidylinositols, PSs: Phosphatidylserines, SMs: Sphingomyelins, Cers:
Ceramides).

Figure 5.3. Retention time (A) and cross collisional section values (B) variation of lipid
subclasses over 27 h experiment. Median values are reported.

Figure 5.4. (4) Comparison of unique identified lipids and (B) total acquisition time be-
tween Evosep One (blue) and nanolLC (pink) system. Frequency distribution of ppm error
(C) and MS/MS score (D) of 435 lipids annotated with Evosep One.

Figure 5.5. Linear correlation between signal intensity and decreasing amount of deuter-
ated standard mix.

Figure 5.6. Overlapped base peak chromatograms (BPC) of plasma sample extract ac-
quired at different time points (Time 0, green; 8 h, purple; 16 h, yellow; 24 h, red).

Figure 5.7. Pearson’s coefficient of correlation between a plasma sample acquired at
time 0 versus one acquired after 8 h (left) and 24 h (right).

Figure 5.8. Summed intensities variations over 27 h experiment of lipid subclasses in posi-
tive (A) and negative (B) mode acquired with Evosep One system and a classic nLC system
(C) operating in ESI™.
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Figure 5.9. Sample-to-sample carry over in positive (A) and negative (B) mode, system
carryover after multiple replicates of plasma lipid extract in positive mode (C). The summed
intensities of 5 (red) and 10 (green) most abundant lipids per each lipid class are used for
carry-over considerations.

Figure 5.10. The upper panel shows EIC traces of PC 0-34:2 (black) and PE 36:2 (red)
while lower panel shows their separation in the mobility dimension.

Figure 5.11. The panel above shows the EIMs of PC O-34:2 (black) and PE 36:2 (red). The
panel below shows their respectively (PC O-34.2, black; PE 36:2, red) clear MS/MS spec-
tra.

Figure 5.12. LC gradient composition.

Chapter VI

Figure 6.1. Workflow of the untargeted lipidomics approach: 120 plasma samples were
extracted and analyzed by RP-UHPLC-TIMS/MS, repeatability was assessed by a pooled
QC strategy, lipid annotation was performed by spectral library comparison, rule-based
annotation, retention time and cross collisional section linearity.

Figure 6.2. 2D (A) and 3D (B) PLS-DA model score plot showing the discrimination of
different classes: Covid (-): red, Mild: green, Severe: blue. (C) The 15 highest scoring var-
iables importance in projection (VIP) lipids are shown. The number of VIPs was established
by setting the VIP-score > 1.8 as a cutoff value. The colored boxes on the right indicate the
relative amount of the corresponding lipid compound in each group. (D) Heatmap reporting
the top 50 lipid compounds based on the univariate statistical analysis (ANOVA, p-value <
0.001, FDR < 0.01 %), the colors reflect the normalized lipid concentration.

Figure 6.3. ROC curves for severity (A) and outcome (B) obtained with the predictive model
(RF) on the complete lipidome signature.

Figure 6.4. ROC curves with the optimal cutoff calculated for each ROC analysis of the
restricted lipid panel composed by LPC O-18:1, LPC O-16:1, LPC O-16:0, PC 0-34.3,
LPC 20:1, LPC 18:0.

Figure 6.5. ROC curves for severity obtained with the predictive model (RF) on the reduced
lipid panel composed by LPC O-18:1, PC O-34:3, LPC 20:1, LPC O-16:1, LPC 18:0, LPC
0-16:0 and comparison of normalized intensity of the selected lipid panel in Mild (blue)
and Severe (red) patients. Results are expressed as mean = SD. Unpaired t-test was per-

formed (¥**: p = 0.0001; ****: p < 0.0001).
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Figure 6.6. ROC curves for outcome obtained with the predictive model (RF) on the reduced
lipid panel composed by LPC O-18:1, PC 0-34:3, LPC 20:1, LPC O-16:1, LPC 18:0, LPC
0-16:0 and comparison of normalized intensity of the selected lipid panel in survivor (blues)
compared to non-survivor patients (red). Results are expressed as mean = SD. Unpaired t-
test was performed (***: p= 0.0001; ****: p < 0.0001).

Figure 6.7. Confusion matrix representing the performance of the model applied to 25 lon-
gitudinal (t1) COVID-19 patients. Samples classified into the wrong group were labeled (S:

survivors, NS: non survivors).
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Figure S1.1. Multiple reaction monitoring (MRM) chromatogram for sphingolipids extract.
Figure S1.2. Multiple reaction monitoring chromatogram of the monitored final ceramides
panel, including sphingolipids optimized by LipidCreator. An overlay of MRM transitions
of each sphingolipid is shown.

Figure S1.3. Fold change bar graph of the putative sphingolipids identified in human
plasma samples in the direction normotensives/hypertensives (SM: sphingomyelin,; Cer:
ceramide; HexCer: hexosyl-ceramide).

Figure S1.4. Bar graph of the most dysregulated SPs. Results are expressed as mean +
s.e.m..

Figure S2.1. BPC of UHPLC-HRMS/MS in both ESI polarities (RPLC+/- and HILIC+/-).
Figure S2.2. Synchronized PCA 3D plots of polar (left) and lipid (vight) showing the satis-
factory clustering of QC samples.

Figure S2.3. Volcano plot of metabolites with FC (>1; <-1) or p<0.05.

Figure S2.4. HCD MS/MS spectra comparison with reference of statistically relevant me-
tabolites reported in chapter 111 table 3.1.

Figure S2.5. UHPLC-HRMS/MS statistical analysis.

Figure S2.6. Box plot relative to p-cresol sulfate (DI-FT-ICR).

Figure S3.1. T-test analysis, p-value threshold <0.05 (pink dots: significant lipids, grey
dots: unsignificant lipids).

Figure S3.2. Analysis of lipids containing the acyl chain 20:4.

Figure S4.1. Schematic representation of Evosep One. Lipids are eluted from the C18 disk
contained into the Evotip. Pumps C and D form the final gradient which is stored in the loop
and then pushed over the column by HP (high pressure) pump.

Figure S4.2. Extracted ion chromatograms (EIC) of lipid standard mix.
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Figure S4.3. Summed intensities variation of identified lipids over 27 h with Evosep One.
Figure S4.4. Summed intensities variation over 27 h of internal standard lipids in negative
(A) and positive mode (B).

Figure S4.5. BPC comparison between a plasma run (blue) and the consecutive blank in-
Jjection (black).

Figure S5.1. 2D (left) and 3D (right) PCA score plot showing the discrimination of different
classes and the clustering of QC samples: Covid (-), red; Mild, green;, QC, blue; Severe,
light-blue. The repeatability of the system was evaluated using QC samples. The average
coefficient of variation (CV %) of the investigated lipids in the pooled QC samples was 12.0
%, this can be also visualized by the satisfactory QC clustering in the score plot of principal
component analysis (PCA).

Figure S5.2. UHPLC-TIMS-MS data were acquired working in parallel accumulation se-
rial fragmentation (PASEF) mode and analyses were acquired in positive and negative ion-
ization mode. Frequency distribution of mass accuracy (A), ACCS (B) and MS/MS score
(C). Pearson correlation of QC replicate injections (D). Retention time reproducibility re-
sulted in a median CV value of 0.42 %, prior to the RT alignment. Average MS/MS score,
mass accuracy (ppm) and cross collision section error values were, respectively: 914.60
MS/MS score, 0.60 Appm, 1.30 % ACCS.

Figure S5.3. Sub-classification of the 348 putative unique monitored lipids with relative
percentages: cholesteryl esters (CEs), diacylglycerols (DGs), triacylglycerols (TGs), phos-
phatidylinositols (Pls), lysophosphatidylinositols (LPI), lysophosphatidyicholines (LPCs),
ether-linked lysophosphatidylcholines (LPC-Os), lysophosphatidylethanolamines (LPEs),
phosphatidylcholines (PCs), ether-linked phosphatidylcholines (PC-Os), phosphatidyleth-
anolamines (PEs), ether-linked phosphatidylethanolamines (PE-Os), sphingomyelins
(SMs), ceramides (Cers), hexosylceramides (Hexcers), dihexosylceramide (Hex2cer). PCs
was the most present lipid subclass in the final dataset, covering the 23.85 % of the anno-
tations, followed by TGs (13.79 %), PC-Os (13.79 %) and SMs (11.78 %). A lower number
of PEs (6.03 %), LPCs (6.03 %), PE-Os (5.46 %), Pls (4.60 %), CEs (4.02 %) and DGs
(3.74 %) were annotated. The less present subclasses were: Cers (2.30 %), LPEs (2.30 %),
LPC-Os (0.86 %), HexCer (0.86 %) and Hex2Cer (0.29 %).

Figure S5.4. PLS-DA cross-validation parameters, R> and Q° results estimated via cross
validation and permutation test results based on 1000 iterations.

Figure S5.5. Tukey’s multiple comparison test of normalized intensity of the selected lipid

panel in Mild-Survivor (blue), Mild-Non Survivor (pink), Severe-Survivor (red) and Severe-
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Non Survivor (black) patients (ns: not significant, * p < 0.05, ** p < 0.01, *** p < 0.001,
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Chapter I: Research presentation.: Development and application of omics technologies for the
monitoring of personalized therapeutic protocols.

CHAPTER
Research project presentation: Development and application of
omics technologies for the monitoring of personalized therapeutic

protocols

1. Introduction

The application of “omics sciences” is shifting the pharmaceutical and medical approach to
a novel paradigm: the “personalized medicine” [!. Understanding the molecular pathways ac-
tivated by a physio-pathological stimulus, such as a disease, a drug, or a specific diet, gives the
opportunity to make an early diagnosis, to monitor the course of the disease and to choose the
best therapeutic treatment to enhance the efficacy and reduce the side effects. This is made
possible, for example, by metabolomics, which being at the bottom of the “Omics cascade” [/,
provides the most “up-to-date” and detailed image of what is happening, rather than offering a
prediction of what could happen. Metabolites represent both the downstream product of the
genome and the upstream influence from the environment. Therefore, the study of metabolites
and metabolism, allows scientists to gain insight into gene—environment interactions. Metabo-
lomics not only enables the identification of disease biomarkers in the form of endogenous
metabolites (gene-derived metabolites) and exogenous metabolites (environmentally derived
metabolites), but it is also capable to provide rational and precise insights into the fundamental

causes of disease [*1.



Chapter I: Research presentation: Development and application of omics technologies for the
monitoring of personalized therapeutic protocols.

Metabolomics is, indeed, defined as the quali-quantitative analysis of the molecules present
in a biological system in response to a genetic or a morbid stimulus. The metabolome includes
a large variety of molecules with small molecular weight, < 1.5 KDa, such as: amino acids,
lipids, vitamins, organic acids and drugs . The alterations of their molecular pathways, ob-
served by the detection of perturbations in concentrations or in the flux of these metabolites,
and the interpretation of the obtained data through a bio-informatics approach, allows a global
vision of the metabolite’s variations and permit to determine the differences and the relationship
between variables and samples.

Among the countless metabolites there is a constant growth of interest in lipids. In fact, in
addition to being involved in the onset of numerous chronic diseases ), they also play a key
role in the development of genetic [ or viral diseases [°. Nowadays, lipidomics, indeed, rep-
resents one of the emerging fields of biomedical research ', This branch of metabolomics
investigates and analyses lipids and their interaction partners in a biological system ['!],

Metabolomics employs cutting-edge analytical chemistry techniques and advanced compu-
tational methods to characterize complex biochemical mixtures. The diversity of applications
of metabolomics derives from the fact that it can be used to analyse a wide range of biological
specimens, such as tissues '?!, biofluids [!*] and gases, such as breath '], Unlike genomics,
transcriptomics, or proteomics, in which a single instrument is often sufficient to perform the
necessary measurements, metabolomics analysis cannot be performed on a single analytical
platform. Over the last 15 years different technologies have emerged as the workhorses in
metabolomics: nuclear magnetic resonance (NMR) spectroscopy, gas chromatography mass
spectrometry (GC-MS) and liquid chromatography MS (LC-MS) 1. Each technique provides

broad coverage of many classes of organic compounds and has strengths and weakness.



Chapter I: Research presentation.: Development and application of omics technologies for the
monitoring of personalized therapeutic protocols.

Metabolomics strategies can be divided into untargeted and targeted approaches, each with
their own advantages and limitations. Untargeted approaches are focused on the analysis of all
the detectable metabolites in a sample, including unknowns. By contrast, targeted methods are
based on the measurement of defined groups of metabolites of interest [1°],

Mass spectrometry, often in hyphenation with ultra-high performance liquid chromatog-
raphy (UHPLC), represent nowadays the golden standard for both metabolomic and lipidomic
analysis. Untargeted methods usually rely on the employment of high-resolution mass spec-
trometry, that is capable to deliver crucial information for the identification of known and un-
known metabolites/lipids.

Specifically, hybrid instruments such as quadrupole/QTOF and quadrupole/orbital ion trap
dominate the field in untargeted metabolomics and lipidomics studies by their intrinsic ad-
vantages in mass accuracy, resolution, dynamic range, acquisition rate, and sensitivity ['”!. For
MS/MS stages, different fragmentation strategies are available, such as collision induced dis-
sociation (CID) "®] Higher-energy C-trap dissociation (HCD) 11, and ultra-violet photo disso-
ciation (UVDP) 2%, Classic data-dependent acquisition (DDA) acquisition methods still domi-
nate the field but, recently, data-independent strategies (DIA), such as Sequential Window Ac-
quisition of All Theoretical Mass Spectra (SWATH) 1), or all ion fragmentation (AIF) 2],
have shown improved coverage for low-abundance precursor ions and retrospective analysis
by dedicated software.

Targeted approaches, in contrast, are dominated by the employment of triple quadrupole
(QgqQ) or quadrupole ion trap (Q-Trap) instruments routinely operating via selected reaction
monitoring (SRM) and/or multiple reaction monitoring (MRM). Modern systems are capable

to monitor hundreds of transitions in a single run, and hence, with the availability of selected
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standards, these approaches are the choice for absolute quantitative analysis also of trace me-
tabolites, by sensitivity in the attomole range 2],

Processing metabolomics/lipidomics data is a very critical step in the overall workflow.
These data can reach rapidly Terabytes and need powerful hardware to process such an over-
whelming amount of data. LC—MS data processing pipelines include multiple stages, such as:
filtering, feature detection, peak alignment, and data normalization. The final output comprises
extracted m/z values, their retention times, and corresponding intensity for all detected peaks
(241, Several commercial and open-source data processing tools are currently available, such as:
Compound Discoverer, Metaboscape, MassHunter, XCMS, MZmine 2, MS-DIAL. Metabolite
annotation is still the bottleneck in the processing workflow, but numerous steps have been
performed to harmonize metabolite annotation in metabolomics and lipidomics, such as the
efforts from metabolomics and lipidomics standard initiative 123261,

In this regard, my PhD project is focused on the elucidation of the molecular changes related
to disease development and/or to a specific nutraceutical supplement employment. For this pur-
pose, two complementary metabolomics approaches, targeted and untargeted [*7), are necessary
and the research activity aims to develop high sensitivity and resolution analytical methods.

In the first phase of my PhD project, the research activity focused on the investigation of a
possible correlation between the blood levels of sphingolipids and hypertension. This still rep-
resents one of the main risk factors for mortality and CVDs 28,

In detail, a targeted lipidomic pilot-study (33 subjects) was performed to establish a potential
correlation between sortilin (Sort), a glycoprotein related to vascular and metabolic disorders
(291 and the plasma levels of sphingosine-1-phosphate (S1P), ceramide C16, ceramide C18,

ceramide C24:1. Our results were further confirmed and validated in a large-scale study. The
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prospective cohort enrolled 289 patients, equally distributed into: normotensive, controlled hy-
pertensives, and uncontrolled hypertensives. Furthermore, an untargeted lipidome plasma pro-
filing was carried out through a direct infusion high resolution mass spectrometry strategy. So,
this approach gave us both the possibility to have a preliminary look at the investigative power
of the FT-ICR-MS platform and to highlight possible further altered sphingolipids in the con-
text of hypertension (Chapter II).

Hypertension, atherosclerosis and dyslipidaemia are comorbid disease often found in com-
bination. Natural compounds are gaining more and more importance as adjuvants of drug ther-
apies and in the field of prevention %l In this regard, have been investigated the metabolic
changes exerted by SP6, a novel decameric peptide released during a simulated gastrointestinal
digestion of Spirulina Platensis, in the modulation of atherosclerosis progression model in HFD
ApoE”" mice with DI-FT-ICR-MS, which provided very high mass accuracy in the identifica-
tion of the investigated molecules (Chapter IIT).

In the field of lipidomics there is a continuous necessity to improve the quality of lipid pro-
filing, to detect the greatest possible number of lipid perturbations related to a pathological state
or a regime diet. In this regard, ion mobility, in addition to an LC-MS system, acts as a powerful
analytical technique. This innovative approach allows to separate isomers, achieve better signal
to noise and increases the confidence of lipid annotation *!1. In this regard, nano liquid chro-
matography coupled to trapped ion mobility mass spectrometer (TIMS) was employed to clarify
a possible involvement of the endocannabinoid pathways in the AP-4 deficiency syndrome, a
severe childhood hereditary paraplegia, and to have a preliminary look to other possible lipid

alterations (Chapter 1V).
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Liquid chromatography — mass spectrometry (LC-MS) based lipidomics is almost exclu-
sively performed with analytical flow rates due to its throughput and robust operation. How-
ever, higher flow rates and larger column diameters lower the electrospray efficiency and hence
sensitivity 2], To increase throughput and robustness of nanoflow separations, the Evosep One
LC system, a novel nano-LC platform widely used in proteomics field 3-**%] has been adapted
to lipidomics challenges and its performance, once hyphenated to a trapped ion mobility spec-
trometry, was evaluated (Chapter V).

Given the great impact that Covid has had and still has, both in Italy and in the rest of the
world P61 the TIMS approach has been coupled to ultra high-performance liquid chromatog-
raphy with the aim to uncover lipid changes in plasma Covid-19 patients and to elucidate pos-

sible biomarkers of severity and mortality (Chapter VI).
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CHAPTER 11
Targeting the ASMase/S1P pathway protects from sortilin-evoked

vascular damage in hypertension

Abstract

Hypertension is characterized by endothelial dysfunction and vascular remodeling. Sortilin
has been positively correlated with vascular disorders in humans. No study has yet evaluated
the possible effect of sortilin on vascular function. Previous studies showed that it promotes
activation of acid sphingomyelinase (ASMase), a key enzyme in sphingolipids (SPs) metabo-
lism. And since lipids, and especially SPs have been implicated in vascular tone and function,
in this contribution we investigated the differences in sphingosine-1-phosphate (S1P) and
ceramides plasma levels of hypertensive patients belonging to two different cohorts and we
investigated a possible correlation with sortilin.

Here we demonstrate that sortilin-mediated ASMase activation induces aberrant S1P levels
and suggest the potential of these molecules as novel biomarkers for the prediction of high
blood pressure.

2.1. Introduction

High blood pressure is an important risk factor for many cardiovascular diseases (CVDs)
that makes hypertension one of the major worldwide causes of death [!l. Although the precise
cause-effect relationship is controversial, many studies have proposed that endothelial dysfunc-

tion may contribute to emergence of hypertension 2. Over the past years, there has been
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increasing evidence placing ROS as a downstream signaling of bioactive sphingolipids in vas-
cular tissue 1. Sphingolipids are involved in the regulation of both vascular growth and vascu-
lar tone. Among several of them, most studies place emphasis on the cardiovascular effect of
sphingosine-1-phosphate (S1P) and ceramides, reporting the correlation between their aberrant
expression and CVD risk factors, including hypertension >, The mechanism linking hyper-
tension and sphingolipids is still unknown. Acid sphingomyelinase (ASMase) is a crucial en-
zyme involved in sphingolipids biosynthesis producing bioactive ceramide which is then con-
verted into other sphingolipids ["#]. Previous mechanistic studies reported that sortilin (sort), a
member of the vacuolar protein sorting 10 (VPS10P) family of receptors, triggers translocation
and activation of ASMase inducing an increase of NADPH oxidase activity in coronary endo-
thelial cells % Moreover, a growing body of evidence has shown that elevated plasma sortilin
levels in human correlated positively with vascular and metabolic disorders ['!). Furthermore,
several evidence suggests that sortilin may contribute to the pathogenesis of cardiovascular
diseases independently of its role in lipid metabolism 121314 pointing to the existence of alter-
native mechanisms of action and highlighting the role of sortilin in the pathogenesis of cardio-
vascular disease.

Our hypothesis is that sortilin may modulate sphingolipids levels acting through ASMase
enzyme, thereby leading to vascular oxidative stress and endothelial dysfunction.

To test this concept, we measured SPs levels (S1P, Ceramide C16, Ceramide C18, Ceramide
C24:1) both in human umbilical vein endothelial cells (HUVECs) incubated with sortilin and
in plasma samples from two different cohorts.

Sphingolipid’s quantification was carried out by multiple reaction monitoring (MRM) mass

spectrometry coupled to ultra-high performance liquid chromatography (UHPLC) method,
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which allowed great sensitivity and reproducibility !, Furthermore, a soft extraction protocol,
avoiding any hydrolysis step, was employed to avoid SP’s structural alterations and to not lose
sphingoid base phosphate compound [1¢],

In this study, we have provided evidence that sortilin acts as a modulator of bioactive sphin-
golipids. The demonstration that sortilin levels are higher in uncontrolled hypertensive patients
and correlated with S1P levels could constitute useful new biomarkers for hypertension diag-
nosis from the early stages of vascular disease.

2.2. Aim of the work

The study aimed to investigate the role of sortilin in the hypertension disease and its involve-
ment in the sphingolipids metabolism. This work expected to clarify sphingosine-1-phosphate
and ceramide behavior in the context of high blood pressure in order to point out potentially
new biomarkers.

2.3. Results

2.3.1. UHPLC-MRM validation

The LC-MS/MS method employed a 15 cm column with C18 stationary phase and core-
shell particulate that allowed to obtain a good compromise between peak symmetry and total
analysis time (supporting information figure S1.1).

The analytical method was validated in terms of linearity, limits of detection (LOD), limits
of quantification (LOQ) and precision considering intra-day and inter-day variability. The co-
efficient of variation (CV %) values for each analyte, relative to both the retention time and the

peak area, are shown in table 2.1. Linear regression equation and coefficient correlation (R?)

were used to evaluate the linearity of the results. LOD and LOQ were calculated as follows

15



Chapter I1: Targeting the ASMase/S1P pathway protects from sortilin-evoked vascular damage
in hypertension.

LOD=3.3 %2
(Eq. 1)
LOQ=10 * 2

(Eq. 2)

where o is the standard deviation of the response and S is the slope coefficient of the calibration

curves.
Table 2.1. RP-UHPLC-QqQ quantitative parameters.
o o
Sphingolipids Range R2 LOD LOQ ICn‘t,r:) ICn\t]ef) CV%
(ng/mL) (ng/mL) (ng/mL) day day Rt
S1P 50-0.1  0.9977 0.01 0.05 1.62 1.81 0.05
C16 Ceramide 100-0.1  0.9999 0.05 0.18 1.33 3.32 0.44
C18 Ceramide  200-1.0 0.9992 0.06 0.21 1.07 4.26 0.41
C24:1 Ceramide 200-0.5 0.9991 0.06 0.20 1.72 2.04 0.38

S1P: Sphingosine-1-phosphate; R?: coefficient of correlation; CV % Intra-day: 5 injections in a row; CV % Inter-day: Day
1: 5 injections in row, Day 2: 5 injections in row; Rt: retention time.

2.3.2. Preliminary sphingolipids analysis on cell lines and human plasma

The analytical extraction protocol was optimized starting from the lipid extracts of human
umbilical vein endothelial cells (HUVECs). Changes in SP’s levels in HUVECs treated with
sortilin (2.5 ng/mL X 1 hour) were measured. The results showed an increase in SIP and
ceramide C16 levels in cells incubated with sort, while no significant changes in ceramide C18

and C24:1 were observed (figure 2.1).
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Figure 2.1. LC-MS/MS quantification of SIP (A) ceramide C16 (B) levels in HUVECs treated with

vehicle (Ctrl) or sortilin (sort), results are expressed as mean = SD (* p value <0.05).

To translate our experimental findings, we first investigated plasma sortilin and SPs concen-
trations in hypertensive patients belonging to the Campania Salute Network. Characteristics of

study population are presented in table 2.2.
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Table 2.2. Clinical characteristics of hypertensive patients from the Campania Salute Study.

Parameter Normotensive (N=9) Hypertensive (N=24)
Clinical characteristics
Age,y 70+ 7 69 +7
Sex, M/F 4/5 11/13
SBP (mmHg) 121 +1.9 143.6 £15.7
DBP (mmHg) 78 £5.1 89.56 £ 12.5
Body weight (Kg) 72 +12.5 7636 +11.9
TC (mg/dL) 168.5+12.1 212.8 £47.4
HDL (mg/dL) 50.2+4.1 55.25+10.9
TG (mg/dL) 106.8 +3.3 130.5+60.4
Glucose (mg/dL) 90.2+3.9 96.46 + 12.1
Creatinine (mg/dL) 0.86 £0.2 0.9+0.2
Medication (%)
B-blockers 0 5(20)
ARBs 0 12 (48)
ACE-inhibitor 0 8 (32)
Diuretics 0 11 (44)
CCB 0 9 (36)

Data are reported as mean + SD. SBP and DBP indicate respectively systolic and dias-
tolic blood pressure; TC, total cholesterol; HDL, high density lipoproteins; TG, triglyc-
erides; ARBs, angiotensin II receptor blockers; CCB, amlodipine/olmesartan medox-

omil.

Interestingly, plasma levels of sortilin were substantially increased in hypertensive patients
when compared to normotensive individuals (figure 2.2 C), thus supporting the relevance of
sortilin for endothelial dysfunction in patients with arterial hypertension. We next investigated
whether our cohort of hypertensive subjects showed aberrant SP’s expression. Quantification
by liquid chromatography-tandem mass spectrometry (LC-MS/MS) revealed a significant in-
crease in sphingosine-1-phosphate and ceramide C16 levels in patients with an elevated BP
(blood pressure) when compared to the normotensive counterpart (figure 2.2 A, B). These find-
ings prompted us to investigate a potential association with sortilin levels. Notably, we found a

significant correlation between plasma sort and S1P in hypertensive group (figure 2.2 D), but
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no correlation between sort and ceramide C16, supporting that the pathophysiological mecha-

nism identified in our experimental model and based on sort and S1P may contribute to altered

BP in humans.
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Figure 2.2. LC-MS/MS quantification of plasma SIP (A) and ceramide C16 (B) levels in humans with

or without hypertension. (C) Quantification of sortilin’s plasma level (normotensive subjects, N=9;

hypertensives subjects, N=24). Results are expressed as mean £ SD. Unpaired Student’s t-test was

used (* p value <0.05). (D) Pearson’s correlation coefficient analysis between sortilin and S1P

plasma levels in hypertensive subjects.
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2.3.3. Prospective cohort study

To strengthen and confirm the translational relevance of our findings, we then extended our
studies to measure plasma levels of sortilin and sphingolipids in a large population-based cohort
of the Moli-Sani study (https://www.moli-sani.org/). This cohort consisted of hypertensive pa-
tients taking antihypertensive medication who were stratified into controlled hypertensive, un-
controlled hypertensives and normotensive control subjects. The clinical and biochemical char-

acteristics are summarized in table 2.3.
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Table 2.3. Clinical characteristics of hypertensive and normotensive individuals from the Moli-Sani

Study.
Hypertensives Normotensives p-value
Parameter Controlled (N=91) Uncontrolled (N=90) (N=89)
Clinical characteristics
Age, years 61.4+9.7 60.1 £9.8 60.2+£9.3 0.56
Sex, M/F 43/48 40/50 43/46 0.865
SBP (mmHg) 1299+7.7° 167.6£17.6*° 121.9+£5.8 <0.001
DBP (mmHg) 78.1+£6.3°¢ 96.2 + 6.2 &P 73.6+£5.4 <0.001
TC (mg/dL) 2183+374 221.9+36.1 221.3+39.5 0.65
HDL (mg/dL) 56.7 +13.7 573+ 133 61.3£17.6 0.17
TG (mg/dL) 122.7+55.0 128.8 +£53.8 119.2+65.9 0.07
Glucose (mg/dL) 97.2+10.9 97.7+11.1 94.8+11.4 0.13
Creatinine (mg/dL) 0.8+0.2 0.9+0.3 0.8+0.1 0.11
WBC (10°/uL) 60+14 62+14 6.0+22 0.15
RBC (10°/uL) 49+04 50=+0.5 4.8+0.7 0.11
Hgb (g/dL) 145+1.3 147+1.5 144+1.3 0.48
Htc (%) 43.1+3.6 43.6+3.9 429+3.8 0.67
MCV (1) 88.8+5.2 88.0+6.0 89.8 6.7 0.07
MCH (pg) 29.8 £2.1 29.7+2.5 30.1+2.6 0.39
MCHC (g/dl) 33.6+ 1.1 337+ 1.1 335+ 1.1 0.40
RDW (%) 12.8+£0.7 13.0+1.4 12.8+0.9 0.72
PLT (10°/uL) 251.2+62.6 2579+ 62.7 251.1+61.1 0.80
Medication (%)
B-blockers 18 (20) 22 (20) 0
ARBs 44 (48.8) 35(38.4) 0
ACE-inhibitors 26 (28.8) 36 (39.5) 0
Diuretics 40 (44.4) 35 (38.4) 0
CCBs 11 (12.2) 15 (16.4) 0
Statins 0 0 0
VKAs 0 0 0
Other anticoagulants 0 0 0

SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL, high density lipoprotein; TG, triglyc-
erides; WBC, with blood cells; RBC, red blood cells; Hgb, hemoglobin; Htc, Hematocrit; MCV, mean cell volume; MCH,
mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; PLT,
platelets; ARBs, Angiotensin II receptor blockers; CCBs, Calcium channel blockers; VKAs, Vitamin K antagonists. P-value
based on One-way ANOVA for continuous variables and Chi-Square test for categorical variables. a, p<0.001 vs. normoten-

sives; b, p<0.001 vs. controlled hypertensives; ¢, p=0.008 vs. normotensives.
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The three groups were strictly matched with respect to age, gender and laboratory charac-
teristics, but differed significantly in terms of blood pressure levels. Plasma sortilin and S1P
levels were markedly elevated in the entire hypertensive population as compared to healthy
controls, and the increase was even more pronounced in hypertensive patients with uncontrolled
BP than in controlled hypertensive and normotensive counterparts (figure 2.3. A, B). The LC-
MS/MS didn’t reveal a dysregulation in ceramide C16 levels, thus confirming the lack of line-
arity observed between the human plasma levels of sortilin and this sphingolipid in patients of
Campania Salute Network.

Furthermore, we confirmed even in the Moli-Sani study a significant positive correlation
between circulating sortilin and S1P levels in the entire hypertensive population (r= 0.465,

p<0.0001; figure 3 C).
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Figure 2.3. Plasma sortilin levels (A), assessed by ELISA assay, and LC-MS/MS quantification of plasma S1P levels (B) in normotensives, controlled and uncon-
trolled hypertensives from the Moli-Sani Study, (N=81 normotensives, N=91 controlled hypertensives, N=90 uncontrolled hypertensives). Results are expressed as
mean £ SD. Non-parametric Kruskal-Wallis test with Dunn’s correction was used. (C) Pearsons’s correlation coefficient between sortilin and S1P plasma levels in

the entire hypertensives population
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2.3.4. Sortilin induces dysfunction by altering sphingolipid metabolism

Acid sphingomyelinase (ASMase) is a lipid hydrolase that cleaves sphingomyelin to produce
ceramide and bioactive sphingolipids. Previous studies have shown that sortilin is required for
ASMase activation to induce ceramide-derived lipid rafts (LRs) clustering [>!"). Along with this
line and clinical studies reporting the correlation between higher sortilin levels and cardiovas-
cular disease and considering the elevated plasma concentrations of sortilin and sphingosine-1-
phospohate in hypertensives, we hypothesized that sortilin itself could promote the activation
of ASMase in endothelial cells thereby leading to the impairment of endothelium-dependent
vasodilation in mesenteric arteries. Confirming our hypothesis, we observed a higher ASMase
activity in hypertensive subjects of both the investigated patients group and, similarly to sortilin
and S1P levels, its activity was more pronounced in uncontrolled hypertensive subjects (figure

2.4. A, B).
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Figure 2.4. Plasma levels of ASMase activity in (A) Campania Salute Network and (B) Moli-Sani

study. Unpaired T-test (A) and Non-parametric Kruskal-Wallis test with Dunn’s correction (B) were

used. Results are expressed as mean £ SD (* p value <0.05).

2.3.5. Confirmatory analysis on HUVECs

In efforts to prove once more that in hypertension the metabolism of sphingolipids is shifted
in favor of S1P and to exclude in this regard not only the involvement of ceramide C16, but
also of potential other ceramides, we performed a new experiment on HUVECs increasing the
number of samples and enlarging the monitored ceramides (supporting information figure
S1.2) through a novel computational tool that allows to build in silico MRM transitions of target
lipids, named LipidCreator ['8]. Remarkably, quantification of sphingolipid levels in sortilin-
treated endothelial cells showed a consistent decrease in intracellular ceramide content, includ-
ing cer-C16, cer-C18, cer-C22, cer-C24 and cer-C24:1 that was paralleled by increased extra-

cellular S1P levels (figure 2.5). No differences for cer-C14 and cer-C20. This indicates that
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sortilin drives the activation of the ASMase pathway, leading to an altered rheostat in favour of

S1P at the expense of ceramide.
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Figure 2.5. Individual sphingolipid species measured by LC-MS/MS in HUVECs treated with vehicle
(ctrl) or sortilin for 1 hr, (N=7). Results are expressed as mean £ SD. Unpaired two-tailed Student’s t-

test was used.

Moreover, to evaluate other potential changes in SP's levels, we performed a fast untargeted
analysis by a DI-FT-ICR platform (supplementary information S7.1.1) that showed dysreg-
ulation in some deoxy-ceramides levels, but no significant changes in the putative annotated
ceramides. The employed analytical method could be useful as backup strategy to draw poten-

tial biochemical connections to other SP's alterations.
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2.4. Discussion

In the present study, we provide evidence that sortilin could be involved in the onset of
hypertension. Our data showed that sortilin promotes arterial hypertension via a sphingolipid-
dependent mechanism. To an accurate SPs quantification several analytical methods and ex-
traction protocols were considered and, at the end, we employed a reverse-phase chromatog-
raphy (RP) and a not common solvent mixture for the extraction protocol. RP chromatography
represents one of the most used methods for the sphingolipidome analysis 1%?°! but despite
that, the separation of these molecules is challenging and characterized by several hindrances.
The most notable one is the difference in polarity and hydrophobicity between ceramides and
sphingosine-1-phosphate. Furthermore, S1P contains an aliphatic chain with 18 carbon atoms
and a hydrophilic group with a residue of phosphoric acid *!! which gives the molecule amphi-
pathic properties. These features, during the separation on C18 column, give a notable peak
asymmetry, which manifests itself with a pronounced tailing effect [*? deriving from secondary
interactions with the stationary phase. In opposite, ceramides are strongly retained on reverse
phase columns and therefore they may require long gradients for their elution. The employment
of a C18 Kinetex EVO™ column provided good results in the separation of the molecules of
interest. Indeed, this stationary phase is characterized by a weak positive charge at acid pH
which determined a repulsion effect resulting in a reduction, although not complete, of S1P’s
peak tailing. The core shell technology also allowed to use a high mobile phase flow without
losing efficiency during more than 900 analyzes (each sample was acquired three times in order
to achieve a better quantification), and to develop a LC method with a fast runtime that enabled

the complete elution of ceramides in less than 10 minutes with perfectly symmetrical peaks.
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Although the Bligh & Dyer and Folch 234! extractions protocols are considered to be mile-
stones in lipidomics works, these showed bad recoveries in the extraction of polar sphin-
golipids. Indeed sphingosine 1-phosphate, due to its amphipathic characteristics, tends to dis-
tribute itself in the aqueous phase affecting its extraction. The extracting solvents mixture
(IPA/EtOAc 15/85 v/v) let us possible to obtain a correct distribution in the biphasic system of

both ceramides and S1P and also to avoid the breaking of O-acyl bonds of SPs structure 6],

Although previous studies have shown that S1P exerts vasculoprotective effects 252!

, our
data provide evidence that in response to sortilin and ASMase activation S1P could play a lead-
ing role in the development of hypertension.

In the pilot study, we found that circulating sortilin and S1P levels were elevated in hyper-
tensive individuals with elevated BP, thus supporting the hypothesis of their involvement in the
pathogenesis or sequelae of hypertension. These findings were further evaluated in a second
cohort of patients without additional comorbidities and stratified by blood pressure level. Even
more thrilling, the results emerging from hypertensive stratification revealed that plasma sort
and S1P concentrations were higher in hypertensive patients with uncontrolled blood pressure
than in controlled hypertensives and the normotensives counterpart.

Moreover, our findings may add new aspects to the pathophysiology of the sphingolipid
pathway, revealing the mechanism by which an alternative signalling pathway involving AS-
Mase drives to a dysregulated sphingolipids signalling leading to the deregulation of cardiovas-
cular functions. Thus, although SPs are essential regulators of cardiovascular homeostasis, our
results could offer a plausible explanation for the altered sphingolipids levels observed in CVDs

(27.28] Tn agreement with the results obtained in HUVECs, demonstrating how sphingolipid me-

tabolism is altered in favour of S1P at the expense of ceramides, our data in humans suggest
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that sortilin and its mediators may represent new biomarkers for the prediction of high blood
pressure. This hypothesis is also coherently supported by the positive correlations found in our
cohorts of hypertensive patients between plasma levels of sortilin and S1P.

2.5. Limitations

Our study is based on a set of homogeneous group of patients in terms of ethnicity and
geography. Our selection criteria may not rule out the possible influence of other endothelial
stressors as could be revealed in a population at higher risk of CVDs. Indeed, elevated circulat-
ing levels of sortilin were previously observed in statin-naive subjects with coronary artery
disease who underwent bypass surgery. At this time, we can only speculate that the presence of
more cardiovascular risk factors can further increase the circulating level of sortilin and S1P,
whose could be potentially used as an early biomarker for organ damage. Although our results
highlight evidence of elevated levels of S1P, sortilin and ASMase, these need to be confirmed
in multi-centre and prospective follow-up studies.

2.6. Materials and Methods

2.6.1. Cell culture and treatment

Commercially available human umbilical vein endothelial cells (HUVECs) were obtained
from ATCC. HUVECs were cultured in Vascular Cell Basal Medium and supplemented with
Endothelial cell growth kit before experiments were performed. Cells were maintained at 37 °C
and 5% CO; in a humidified incubator. Before experiments, HUVECs were seeded in 24 well
plate, 60 mm or 100 mm dishes and grown until 80% confluency. Next, cells were pre-treated
with K145 (Sigma-Aldrich, #SML1003) 1.5 uM for 1 hour; (2R, 3S, 4E)-N-methyl-5-(4'-pen-
tylphenyl)-2-aminopent-4-ene-1,3-diol (SK1-I) 5 uM (Enzo, #BML-EI411) for 1 hour; W146

100nM (Sigma-Aldrich, #W1020) for 30 minutes; 1-Chloro-1-(4-chlorophenylhydrazono)]-
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3,3-dimethyl2-butanone] (TY-52156 ) 5 uM for 30 minutes; ML171 (Tocris #4653) 1.5 uM for
30 minutes or GSK2795039 (MCE # HY-18950) for 30 minutes and incubated with sortilin
(2.5 ng/mL, 1 hr) or vehicle (medium). All the experiments were performed at least in triplicate
and repeated at least twice.

2.6.2. Human subjects

2.6.2.1. Campania Salute Network

24 patients with hypertension (defined as DBP >90 mmHg and SBP >140 mmHg or on the

basis of use of anti-hypertensive medication) and 9 healthy donor control subjects belonging to
the Campania Salute Network Registry, were studied. Campania Salute is an open registry col-
lecting information from a network of general practitioners and community hospitals networked
with the Hypertension Center of Federico II University Hospital, Naples. The database gener-
ation of the Campania Salute Network was approved by the Federico II University Hospital
Ethic Committee.

All patients had no history of previous cardiovascular diseases, symptomatic heart failure,
ischemic heart disease, atrial fibrillation, stroke or cognitive dysfunction.

2.6.2.2. Moli-Sani Study

We collected a total of 289 plasma samples from the biodata bank of the Moli-Sani Study, a
prospective cohort study established in 2005 to 2010 with an enrollment of 24.325 men and
women (=35 years of age) randomly recruited from the general population of Molise, a southern
Mediterranean region in Italy 2],

Data are accessible upon written request to the Moli-Sani Study PI, Prof. Licia Iacoviello.
19 hemolyzed samples were excluded from our analysis. A total of 270 patients were stratified

in normotensives (N=89), and in controlled (N=91) or uncontrolled hypertensive subjects
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(N=90), strictly matched and with no previous history of cardiovascular diseases. Hypertension
was defined as controlled (SBP was <140 and DBP <90 mmHg with treatment), and uncon-
trolled (SBP was >140 and DBP >90 mmHg with treatment).

All patients included in this study were not on statin therapy, which is known to influence
the circulating sortilin level 71,

2.6.3. Reagents

Plasma levels of sortilin were measured using ELISA Kit (Elabscience; #E-EL-H5414) fol-
lowing the manufacturer’s protocol. Acidic sphingomyelinase activity was determined in hu-
man plasma samples by Acidic Sphingomyelinase Assay Kit (Abcam, #ab190554).

2.6.4. Sphingolipid extraction

All solvent and additives were LCMS grade and purchased from Sigma-Aldrich (Milan, It-
aly). Standard of S1P, Ceramides C16, C18, C24:1 and deuterated Ceramide mix were pur-
chased by Avanti Polar Lipids (Alabaster, AL, U.S.A). For the extraction of sphingolipids, hu-
man plasma (20 pL) were diluted to 400 uL. with Milli-Q water, following samples were ex-
tracted by addition of 400 uL of isopropanol/ethyl acetate 15/85 (v/v), vortexed for 20 sec and
centrifuged for 5 minutes at 14580 rpm. The upper organic phase was collected, while the aque-
ous phase was acidified with 20 pL of formic acid and re-extracted with 400 pL of fresh iso-
propanol/ethyl acetate 15/85 (v/v %). The obtained solution was vortexed and centrifuged. The
supernatants were pooled and dried under a gentle stream of nitrogen.

For sphingolipid extraction, culture medium (500 pL) or cell lysate were diluted with 1 mL

isopropanol/ethyl acetate 15/85 (v/v %), 3 microliters of the internal standard were added and

processed as described above.
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Samples were re-solubilized with 150 pL of Methanol, I mM HCOONH4 plus 0.2%
HCOOH (v/v %) prior to UHPLC-MS/MS analysis.

2.6.5. UHPLC-MS/MS conditions

Sphingolipid’s quantification was carried out with a Shimadzu Nexera (Shimadzu, Milan,
Italy) coupled online to a triple quadrupole LCMS 8050 (Shimadzu, Kyoto, Japan) by an ESI
source. The separation was performed on a Kinetex EVO™ C18 150 mm x 2.1 mm, 2.6 um
100A (Phenomenex, Bologna, Italy), at a flow rate of 0.5 mL/min, employing as mobile phase
A) ACN/H20: 60/40 10 mM HCOONH4 plus 0.1% HCOOH (v/v%), and B) Isopropanol/ACN
90/10 plus 0.1% HCOOH (v/v%) with the following gradient: 0 min, 5% B, 0-2.50 min, 50%
B, 2.51-7 min 50-99% B, isocratic for 2.50 min. Returning to 5% in 4 min. 5 microliters were
injected. Column oven was set at 55° C. The ESI was operated in positive ionization. MS source
parameters were: Interface temperature 300°C, Desolvation line temperature 250°C, Heat
Block temperature 400°C; nebulizing gas (N?), drying gas (N?), and heating gas (Air) were set
respectively to 3, 10, 10 L/min. MS/MS analysis of sphingolipids were performed in multiple
reaction monitoring (MRM). The SRM transitions of non-available ceramides were in silico
optimized using the Lipid Creator tool (https://skyline.ms/skyts/home/software/Sky-
line/tools/details.view?name=LipidCreator) in the freely available Skyline open source.

For quantifying C14 Ceramide was employed the following transition: 510.4881>264.2686
(quantifier ion), collision energy (CE) -19.9; 510.4881>282.2791 (qualifier ion), CE -19.9;
510.4881>492.4775 (qualifier ion), CE -19.9. Dwell time S5msec. For quantifying C16
Ceramide was employed the following transitions: 538.20>264.30 (quantifier ion), Q1 pre bias
-28.0 V, CE -27.0, Q3 pre bias -28.0 V; 538.5194>252.2686 (qualifier ion), CE -21.0. Dwell

time Smsec. For quantifying C16 Ceramide-d7 was employed the following transitions:
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545.50>271.40 (quantifier ion), QI pre bias -30.0 V, CE -26.0, Q3 pre bias -18.0 V;
545.50>82.20 (qualifier ion), Q1 pre bias -30.0, CE -55.0, Q3 pre bias -12.0 V; 545.50>527.60
(qualifier ion), Q1 pre bias -30.0, CE -13.0, Q3 pre bias -24.0 V. Dwell time 10msec. For quan-
tifying C18 Ceramide was employed the following transitions: 566.50>264.30 (quantifier ion),
QI pre bias -32.0 V, CE -32.0, Q3 pre bias -17.0 V; 566.50>548.50 (qualifier ion), Q1 pre bias
-32.0, CE -15.0, Q3 pre bias -26.0 V. Dwell time Smsec. For quantifying C18 Ceramide-d7 was
employed the following transitions: 573.60>271.40 (quantifier ion), Q1 pre bias -32.0 V, CE -
30.0, Q3 pre bias -29.0 V; 573.60>259.30 (qualifier ion), Q1 pre bias -32.0, CE -32.0, Q3 pre
bias -26.0 V; 573.60>555.60 (qualifier ion), Q1 pre bias -32.0, CE -30.0, Q3 pre bias -29.0 V.
Dwell time 10msec. For quantifying C20 Ceramide was employed the following transition:
594.5820>264.2686 (quantifier ion), CE -23.3; 594.5820>252.2686 (qualifier ion), CE -23.3;
594.5820>282.2791 (qualifier ion), CE -23.3. Dwell time Smsec. For quantifying C22
Ceramide was employed the following transition: 622.6133>264.2686 (quantifier ion), CE -
24.4; 622.6133>252.2686 (qualifier ion), CE -24.4; 622.6133>282.2791 (qualifier ion), CE -
24.4. Dwell time Smsec. For quantifying C24:1 Ceramide was employed the following transi-
tions: 648.50>264.30 (quantifier ion), Q1 pre bias -20.0 V, CE -29.0, Q3 pre bias -27.0 V;
648.50>630.50 (qualifier ion), Q1 pre bias -36.0, CE -16.0, Q3 pre bias -30.0;
648.6289>252.2686, CE -25.4. Dwell time Smsec. For quantifying C24:1 Ceramide-d7 was
employed the following transitions: 655.70>271.40 (quantifier ion), Q1 pre bias -20.0 V, CE -
31.0, Q3 pre bias -27.0 V; 655.70>289.35 (qualifier ion), Q1 pre bias -20.0, CE -33.0, Q3 pre
bias -13.0 V; 655.70.60>637.65 (qualifier ion), Q1 pre bias -20.0, CE -15.0, Q3 pre bias -22.0
V. Dwell time 10msec. For quantifying C24:0 Ceramide was employed the following transition:

650.6446>264.2686 (quantifier ion), CE -25.5; 650.6446>252.2686 (qualifier ion), CE -25.5;
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650.6446>282.2791 (qualifier ion), CE -25.5. Dwell time 5Smsec. For quantifying C24:0
Ceramide-d7 was employed the following transitions: 657.60>271.40 (quantifier ion), Q1 pre
bias -20.0 V, CE -30.0, Q3 pre bias -17.0 V; 657.60>289.35 (qualifier ion), Q1 pre bias -20.0,
CE -32.0, Q3 pre bias -30.0 V; 657.60.60>639.60 (qualifier ion), Q1 pre bias -20.0, CE -30.0,
Q3 pre bias -17.0 V. Dwell time 10msec. For quantifying Sphingosine 1-Phospate was em-
ployed the following transitions: 380.10>264.40 (quantifier ion), Q1 pre bias -21.0 V, CE -
16.0, Q3 pre bias -18.0. Dwell time 100msec.

For human plasma samples and preliminary HUVECs quantification the instrumental cali-
bration was performed through the external standard method, and a calibration line for each
sphingolipid was generated. For sphingosine 1-phosphate the stock solution was prepared in
0.3 M NaOH solution, then diluted with ethanol, and the calibration curve was obtained in a
concentration range between 50 - 0.1 ng mL"!, with seven concentration levels and triplicate
injection of each level were run. The linear regression was used to generate the calibration line
with values of R? = 0.9977 (y = 0.0001x + 0.8626). For ceramide C16 the stock solution was
prepared in EtOH and the calibration curve was obtained in a concentration range between 100
- 0.1 ng mL!, with seven concentration levels and triplicate injection of each level were run.
The linear regression was used to generate the calibration line with R? values = 0.99996 (y=
0.00001x - 0.67955). For the ceramide C18 the stock solution was prepared in EtOH and the
calibration curve was obtained in a concentration range between 200 - 1 ng mL™!, with seven
concentration levels and triplicate injection of each level were run. The linear regression was
used to generate the calibration line with values of R?=0.99918 (y=0.00001x + 1.28477). For
the ceramide C24:1 the stock solution was prepared in EtOH and the calibration curve was

obtained in a concentration range between 200 — 0.5 ng mL"!, with seven concentration levels
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and triplicate injection of each level were run. The linear regression was used to generate the
calibration line with values of R? = 0.99908 (y = 0.00001x + 1.71977). For confirmatory HU-
VEC:s analysis the instrumental calibration was performed through the internal standard method
and 3 pl of deuterated ceramide mix were added to the sample prior to extract them. The fol-
lowing calibration curves were built, with ten levels and triplicate injection of each level. Ce-
ramide C16/Ceramide C16-d7: y= 0.3291x + 0.0217, R?>= 0.9995; Ceramide C18/Ceramide
C18-d7: y=0.9352x + 0.0141, R>= 0.9999; Ceramide C24:1/Ceramide C24:1d7: y=1.3122x +
0.0304, R?=0.9995.

2.6.6. Statistics

Results are expressed as mean + SD. Two-sided unpaired Student's ¢-test was performed for
comparisons between two independent groups and non-parametric Kruskal-Wallis test (with
Dunn’s multiple comparison) was used for comparisons of multiple means. Pearson's correla-
tion analysis was used to measure the degree of correlation between two variables. Statistical
analysis was performed with GraphPad Prism software (version 8.0, GraphPad Software, San
Diego, CA).

2.6.7. Study approval

All human data was collected in accordance with the Declaration of Helsinki and with local
Ethics Committee approval. We included individuals from two prospective Italian studies, The
Campania Salute Network Study (University of Naples Federico II; permit number: 16/14) and
the Moli-Sani Study (Catholic University of Rome, Italy; permit number: P99, A.931/03-138-

04/C.E./2004). Written informed consent was obtained from all included participants.
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2.7. Conclusion

Despite the efficacy of current drug treatment, the difficulty in achieving the optimal BP
levels by a large percentage of hypertensive patients reveals the importance to develop new
preventive approaches. Taken together, our results have unmasked a novel molecular mecha-
nism underpinning the role of sortilin in the sphingolipid dysregulation. Higher circulating sor-
tilin and S1P levels could constitute useful biomarkers for hypertension diagnosis from the

early stage of vascular disease.
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CHAPTER III
Analysis of the metabolic switch induced by the spirulina peptide
SP6 in high fat diet ApoE” mice model: A direct infusion FT-ICR-

MS based approach

Abstract

Atherosclerosis, dyslipidemia and hypertension are comorbid diseases often found in com-
bination. Among different pharmacological approaches the employment of natural multifunc-
tional peptides is an attractive option as side therapy. Mass spectrometry-based metabolomics
provide valuable information on metabolic changes and can be useful to elucidate peptide phar-
macodynamics. In this work we performed a preliminary investigation on the potential effect
of arecently characterized Spirulina platensis peptide (SP6: GIVAGDVTPI) on the modulation
of metabolism in a high fat diet ApoE~ mice atherosclerotic model. A direct infusion Fourier
transform ion cyclotron resonance mass spectrometry (DI-FT-ICR-MS) approach was used to
elucidate polar and non-polar metabolites extracted by mice plasma following four weeks SP6
treatment. The method delivered fast analysis time, repeatability, high mass accuracy and res-
olution for unambiguous molecular formula assignment. Multivariate statistical analysis (PLS-
DA) highlighted a clear class separation, revealing the alteration of numerous metabolites levels
belonging to different classes. Sphingolipids, glycerophospholipids, TCA cycle intermediates,
and amino acids, which are key players in the atherosclerotic process and progression, were

upregulated in saline alone HFD ApoE ™~ group, while were sensibly decreased after treatment
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with SP6 peptide. These results could open the way to further, large-scale, investigation of SP6
peptide effects in the regulation of atherosclerotic disease development and progression and
show the potential of DI-FT- ICR as fast analytical tool to take snapshots of metabolic changes
before moving to targeted MS-based approaches.

3.1. Introduction

In the landscape of metabolic disorders, hypertension and dyslipidemia are comorbid path-
ologic conditions often found in combination, that are also associated to the development of
endothelial disfunction. Several evidences demonstrate that long-term high-fat diet (HFD) in-
duces hypertension, and impair NO release . Moreover, clinical studies showed that hyper-
tension it is not only a well-known cardiovascular risk, but can contribute to the atherosclerosis
development, and could play a strictly connected role in the exacerbation of this process, par-
tially due to the synergy between elevated blood pressure and other atherogenic stimuli, induc-
ing oxidative stress on the arterial vessels [?!. In fact, an increase of reactive oxidative species
(ROS) generation, results in higher oxidation rate of low-density lipoprotein (LDL) in athero-
sclerotic lesions [*]. The employment of natural compounds has experienced a boost in the last
years as possible adjuvant or side approaches to pharmacological therapy for the prevention
and treatment of multifactorial cardiovascular disorders. Bioactive compounds, especially those
of plant or marine origin, have been recognized of several healthy properties, through their
involvement in different biochemical pathways, and have found widespread adoption in novel
products, such as nutraceuticals and functional foods “l. Besides phytochemicals, bioactive
peptides have garnered attention as novel therapeutic molecules. Peptides are usually encrypted
in the sequence of respective proteins, and released after proteolysis events, which can occur in
vivo or in vitro, and exploit their activity 1. The interest towards natural peptides is related to

several aspects, in fact they show low or absent side effects, are easily metabolized by
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endogenous enzymes, and can display very high specificity for their biological targets. Bioac-
tive peptides from food and other natural matrices have shown therapeutic application against
different and closely related pathologies such as diabetes, hypertension and dyslipidemia,
which define the metabolic syndrome [¢]. Microalgae have emerged as a rich source of peptides
with different properties, and, in particular, for the prevention of cardiovascular disease "], In
this regard, we recently characterized a novel decameric peptide from the gastro-intestinal di-
gest of Spirulina platensis, named SP6 (GIVAGDVTPI, allophycocyanin alpha-chain, f: 95—
104), which showed very potent in vivo anti-hypertensive activity by exerting endothelium-
dependent vasodilation via a PI3K (phosphoinositide-3-kinase)/AKT (serine/threonine kinase
Akt) pathway, converging on nitric oxide (NO) release . Bioactive peptides from natural
sources are often labelled as “multifunctional”, due to combined effects such as hypotensive
and hypocholesterolemic, as showed by milk, soybean and lupin protein derived peptides 1.
Food derived tripeptides Val-Pro-Pro and Ile-Pro- Pro have shown anti-obesity properties [!*]
while vasodilating dipeptides were reported to reduce atherosclerotic lesions in ApoE models
(1. For the comprehension of the complex interconnected metabolic mechanisms in physio
pathological conditions, mass spectrometry-based metabolomics has emerged as leading
method to monitor multiple metabolite classes and is highly suited to highlight molecular
changes associated to drug treatments or in disease progression and outcome ['?!. The high com-
plexity of metabolic profiling, and the presence of metabolites with different chemistry, polarity
and concentration range, requires high resolving power, mass accuracy and wide dynamic
range. In this regard, high resolution mass spectrometry (HRMS) in direct infusion (DI) and/or
coupled to ultra-high performance liquid chromatography (UHPLC-HRMS) is now the work-
horse of metabolomics and lipidomics %), In particular, Fourier transform ion cyclotron mass

spectrometry (FT-ICR-MS) offers ultra-high resolution and mass accuracy, together with the
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ability to measure isotopic fine structure (ISF), leading to unambiguous identification of mo-
lecular formulas; DI-FT-ICR, in direct infusion mode is a powerful tool for rapid phenotyping
studies '], In this study we applied a fast and accurate direct infusion nano-electrospray Fourier
transform ion cyclotron mass spectrometry (DI-FT-ICR) approach to reveal in vivo metabolic
changes exerted by the spirulina peptide SP6 in the modulation of atherosclerosis progression
in HFD ApoE ™~ mice model. The analysis of plasma polar and non-polar metabolites following
four weeks treatment with SP6 could open valuable insight of the molecular mechanisms mod-
ulated in the atherosclerotic process, paving the way to further investigation for its employment
in interconnected cardiovascular diseases.

3.2. Aim of the work

Natural peptides have emerged as an attractive option for the treatment of cardiovascular
diseases. For this purpose, the potential anti-atherosclerotic effects of a novel peptide from
Spirulina Platensis (SP6) in a high fat diet ApoE™ mice model was evaluated through a metab-
olomics approach. The work also aimed to test the applicability of high-resolution mass spec-
trometry operating in direct infusion as a tool for a fast, accurate and reliable metabolomic
analysis.

3.3. Results

3.3.1. SP6 treatment in HFD ApoE '~ mice reduces aorta monocytes/macrophages in-
filtration without affecting hemodynamic parameters

During all six weeks of SP6 gavage administration we monitored the peptide possible action
on systolic and diastolic blood pressure and heart rate. As shown in figure 3.1, the monitoring
of all three cardiovascular parameters measured revealed that chronic treatment with a dosage
of 5 mg/kg/day for 42 days did not significantly change blood pressure (figure 3.1. A, B) and

heart rate (figure 3.1. C) compared to control animals treated with saline alone. Interestingly,
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the weight of the animals progressively increases with the weeks of high-fat diet (figure 3.1.
D), in line with what has already been reported in the literature, thus confirming the metabolic
effect of HFD. Furthermore, we have stained mice aortic arch with the important muscular
marker of vascular re-organization, alpha-smooth muscle actin (a-SMA), and with mono-
cytes/macrophages marker CD68 to evaluate the possible impact of SP6 treatment on this phe-
nomenon (figure 3.1. E, F). Interestingly, while the mean-area-quantification of a-SMA did
not show significant differences between saline and SP6 group, the area quantification of CD68
signal highlights an important reduction of the red positive area, thus suggesting a potential
beneficial effect of SP6 on the mechanisms that regulates the monocytes/macrophages vessels

accumulation.
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Figure 3.1. Daily measurement of systolic (A), diastolic blood pressure (B) and heart rate (C) in mice treated with saline or SP6 for 4 weeks. (D) Bar graph report-
ing weekly measurement of mice body weight in both mice groups. (E) Representative immunofluorescence staining of aortic arches from treated ApoE knockout
mice, using the monocyte/macrophage marker CD68 and the smooth muscle cell marker aSMA; (F) Mean area quantification of red (CD68) and green signals

(0SMA) performed using RGB measurement in ImageJ.
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3.2.2. DI-FT-ICR MS analysis

The DI-FT-ICR method used an automated nanoelectrospray (nESI) direct infusion system
and the whole analysis took roughly 1.50 min per sample comprising sample draw, analysis
time and tip change. FT-ICR spectra of polar and lipid extracts, with both ionizations, are re-
ported in figure 3.2 A. Mass accuracy values were on average 0.10 and 0.22 for polar metabo-
lites and lipids respectively, which reflect the extreme mass accuracy of FT-ICR measurement,
that, together with high resolution and isotopic fine structure (ISF) ability, leads to unambigu-
ous molecular formula assignment, also for compound with several heteroatoms, such as the
metabolite indoxyl sulphate, whose signal enlargement, simulated isotope pattern and molecu-
lar formula are depicted in figure 3.2 B, resulting in a very low mass error (0.08 ppm) and a
calculated resolution of 290.757. In this study QC samples were prepared and employed to
monitor the repeatability of the DI-FT-ICR workflow and were run randomly during the batch.
In this regard, the coefficient of variation (CV %) relative to peak intensity was comprised
between 0.11 and 10.95 % for polar extract sample (relative to the m/z range 100-750), and
between 0.59 and 11.19 % for lipid extract sample (relative to the m/z range 150—885) indicat-
ing an acceptable repeatability for both metabolite classes (supporting information table
S2.1). Furthermore, a satisfactory clustering of QC samples can be appreciated from PCA
scores plot (supporting information figure S2.2) of both metabolite and lipids datasets, indi-

cating that the quality of data was acceptable for the next steps of the study.
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Figure 3.2. DI-FT-ICR spectra of polar (red, ESI', green ESI ) and lipids (violet ESI', blue ESI )
samples (A); Spectra enlargement showing the signal of metabolite indoxyl sulphate (CsH:NO,S,

HMDB0000806) and its simulated isotope pattern with molecular formula assignment (bottom, B).

3.3.3. Multivariate data analysis of plasma samples

Data preprocessing was based on sample filter to remove peaks that were not present in at
least 80 % of a single group, maximum deviation for mass accuracy was set to 1 ppm for DI-
FT-ICR annotation and molecular formula generation, supporting information table S2.1 re-
ports the whole bucket table features after filtering, for lipids and metabolites in both ionization
modes. The Volcano plot representation of significant metabolites (FC > 1 or <-1, p <0.05) of
saline and SP6 treated peptides is reported in supporting information figure S2.3. PLS-DA
was used to investigate the metabolic changes in high fat diet ApoE ™~ mice after the treatment
with SP6 peptide with respect to those who received saline alone. Figure 3.3 A, D shows the
results of PLS-DA model for plasma polar and lipids extracts, as can be appreciated, the two

groups are clearly separated. In particular for polar sample the first component explains 24.5 %
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of the variance, while the second explains 23.9 %, instead, for lipid sample, values were
17.9 % and 8.8 % respectively, with class discrimination parameters R?: 0.98, 0.99, Q?: 0.95,
0.92, for polar (figure 3.3 B) and lipid sample respectively (figure 3.3 E), which indicate a
robust multivariate model. Metabolites that contributed to the clustering and discrimination
were extracted based on the variable importance of projection (VIP), which were generated
after PLS-DA processing. The first 15 metabolites with highest VIP scoring of both polar and

lipid extracts, are reported in figure 3.3 C, F.
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Figure 3.3. Comparative analysis of polar (A) and lipid (D) plasma extracts of HFD ApoE ™"~ mice treated with saline alone (red circle) and those treated with
spirulina peptide SP6 (green circle) expressed as PLS-DA score plot, with respective cross validation values (B, E), R’ and O’ indicate prediction accuracy and

model robustness, respectively. The first 15 variables important in projection (VIP) identified by the corresponding PLS-DA were reported (C, F).
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3.3.4. Annotation of statistically relevant metabolites

Table 3.1 reports the putative annotation of metabolites with VIP score >1.2 and p < 0.05
showed in figure 3.3 C, F, which were considered to be most influential for the separation
between saline group and those which received SP6 peptide administration. Despite DI- FT-
ICR delivers ultra-high mass accuracy, this data alone often cannot differentiate the large
amount of isomers occurring in biological samples, and thus additional information, such as
MS/MS fragmentation pattern comparison against a reference spectra, is mandatory for reliable
metabolite annotations '3, For this reason, we performed in parallel twvo UHPLC-HRMS/MS
distinct methods for lipids and polar metabolites; in particular all statistically relevant metabo-
lites annotated by DI-FT-ICR method were checked by fragmentation pattern and comparison
with reference MS/MS spectra, accurate mass, isotope pattern and retention time, obtained on
the Q-Exactive platform. In the largest part it was possible to support the annotation of several
compounds, such as acyl or alkyl lysophosphatidylcholines '®!, differentiate sphingomyelins
(SM) between ceramide phosphorylethanolamines (PE-Cer) with the former that are character-
ized by diagnostic ions at 184 and 264 m/z ['" while the latter (that were not detected) by the
neutral loss of 141 m/z 8], or further enforce the annotation of polar metabolites. Clearly, for
lipids assignment of double bond position and precise isomer annotation requires a more de-
tailed analysis. HCD MS/MS spectra of some relevant metabolites are reported in figure 3.4
A-D and in supporting information figure S2.4. Where MS/MS data were not available, such
as for the four metabolites labelled with asterisk in table 3.1, they were tentatively assigned to
chemical classes and reported with MSI level 3. Noteworthy UHPLC-HRMS/MS confirmed
also the statistical trend observed for DI-FT-ICR method (supporting information figure

S2.5).
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Figure 3.4. HCDMS/MS spectra of relevant metabolites obtained by UHPLC-HRMS/MS methods, A:
SM 36:1;02; B: LPC 18:2; C: Citric acid,; D: Indoxyl sulphate. MS/MS spectra of other metabolites

reported in table 3.1 are showed in supporting information figure S2.4.
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Table 3.1. List of statistical relevant annotated metabolites derived from PLS-DA analysis. Metabolites labelled with asterisk indicate compounds which MS/MS
spectra were unavailable and/or where molecular formula was shared among different metabolites, these were generally assigned to a class of compounds. Detailed
MS/MS spectra of relevant metabolites are reported in figure 3.4 and supporting information figure S2.4, complete UHPLC-HRMS/MS data are reported in sup-

porting information table S2.1.

m/z Ion type/Adduct Name MSI level Molecular Formula Biochemical Class/Sub class VIP value p-value
103.04007 [M-H] Hydroxybutyric acid 2 C4Hs0s3 Alpha hydroxy acids and derivatives 1.36 3.30515
133.01424 [M-H] Malic acid 2 C4HeOs Beta hydroxy acids and derivatives 1.53 5.20512
187.00704 [M-H] p-Cresol sulfate 2 C7Hs04S Arylsulfates 1.70 4.70807
191.01970 [M-H] Citric acid 2 CeHs07 Tricarboxylic acids and derivatives 1.91 3.00E-06
212.00228 [M-H] Indoxyl sulfate 2 CsH7NO4S Arylsulfates 1.45 1.10%-0
32227413 [M+H]" NAE 18:3% 3 CaoH3sNO; Fatty amides* 1.43 11550
400.34224 [M+H]* CAR 16:0 2 C23HasNO4 Fatty acyl carnitines 1.53 6.65503
426.35789 [M+H]* CAR 18:1 2 C2sH47NO4 Fatty acyl carnitines 1.55 1.70E-04
478.29294 [M+H]* LPE 18:2 2 C23HaNO7P Glycerophosphoethanolamines 1.67 3.30805
482.32422 [M+H]* LPC 15:0 2 Ca3HasNO7P Glycerophosphocholines 1.44 1.23E-02
490.29033 [M+Na]* LPC 14:0 2 C2H46NO7P Glycerophosphocholines 1.60 8.90F-04

53



Chapter III: Analysis of the metabolic switch induced by the spirulina peptide SP6 in high fat diet ApoE” mice model: A direct infusion FT-ICR-MS
based approach.

516.30599 [M+Na]* LPC 16:1 2 C24HasNO7P Glycerophosphocholines 1.68 1.80E-03
518.32162 [M+Na]* LPC 16:0 2 C24HsoNO7P Glycerophosphocholines 1.78 2.108-03
542.32164 [M+Na]* LPC 18:2 2 CaHsoNO7P Glycerophosphocholines 1.87 3.60E-03
544.33724 [M+Na]* LPC 18:1 2 CaHsoNO7P Glycerophosphocholines 1.81 4,708
564.30598 [M+Na]* LPC 20:5 2 CasHasNO7P Glycerophosphocholines 1.60 1.00%-02
566.32163 [M+Na]* LPC 20:4 2 CasHsoNO7P Glycerophosphocholines 1.40 6.90512
568.33711 [M+Na]* LPC 20:3 2 CasHs5:NO7P Glycerophosphocholines 1.33 1.80%-02
568.34000 [M+H]* LPC 22:6 2 C30HsoNO7P Glycerophosphocholines 1.59 1.205-04
572.36859 [M+Na]* LPC 20:1 2 CasHs¢NO7P Glycerophosphocholines 1.86 1.80F-2
592.33726 [M+Na]* LPC 22:5 2 C30Hs2NO7P Glycerophosphocholines 1.68 2.308-02
703.57504 [M+H]* SM 34:1;02 2 C3oH79N2O6P Sphingomyelins 2.00 2.90F-06
724.52789 [M+H]* PE 0-36:5* 3 C41H74NO7P Glycerophosphoethanolamines* 1.80 2.50805
731.60637 [M+H]* SM 36:1;02 2 C41Hg3N2O6P Sphingomyelins 2.22 8.70F!1
734.56966 [M+H]* PC 32:0/PE 35:0%* 3 C4oHsoNOsP Glycerophospholipids* 1.85 1.80E-06
787.66893 [M+H]* SM 40:1;02 2 CasHo1N2O6P Sphingomyelins 1.69 3.10%-0
810.60095 [M+H]* PC 38:4/PE 41:4* 3 C4sHs4sNOsP Glycerophospholipids* 1.50 6.65E03
813.68478 [M+H]* SM 42:2;02 2 C47H93N2O6P Sphingomyelins 2.12 2.508-0
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824.65303 [M+H]* PC 0-40:4 2 CusHooNO7P Glycerophosphocholines 1.60 1.408-04

834.60101 [M+H]* PC 40:6/PE 43:6* 3 CusHgaNOsP Glycerophospholipids* 1.90 7.508-07
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3.3.5. Plasma metabolic differences between HFD ApoE™~ and SP6 treated mice

Different metabolite classes were found dysregulated, and in particular hydroxyl and tricar-
boxylic-organic acids, amino acids, lysophosphatidylcholines, sphingomylelins, and other glyc-
erophospholipids. To visualize and identify the metabolic pathways influenced by the SP6 pep-
tide administration, the HMDB identities of significant altered metabolites (p < 0.05) were im-
ported in the pathway analysis tool of Metaboanalyst 4.0 to construct the metabolic maps which
are reported in figure 3.5 A, B. Among the pathways that showed significant perturbations were
sphingolipids and glycerophospolipids metabolism, fatty acid biosynthesis, tricarboxylic acid

cycle (TCA), and glutamate/glutamine metabolism.
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Figure 3.5. Pathway analysis of metabolic (A) and lipidomic (B) routes influenced by the administration of SP6 peptide in HED ApoE ™"~ mice model. Pathway
analysis was performed on all significantly altered metabolites (p < 0.05) between the two groups. Whisker box plots (red color: saline only group, green color: SP6

treated group) relative to sphingomyelins, lysoPCs, tricarboxylic acids, amino acids (C)
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3.3.6. Dysregulated lipids and metabolites

As can be appreciated from the box-plots in figure 3.5 C, several sphingomyelins (SM) were
increased in saline HFD ApoE ™ group, and, in this class, in particular: 34:1, 36:1, 42:2; these
results are in accordance with several HFD ApoE ™ models !*?°!, Plasma levels of numerous
Lysophospatydylcholines (LysoPCs) were reduced in saline group (LysoPCs: 14:0, 15:0, 16:0,
16:1, 18:1, 18:2, 19:0, 22:5, figure 3.5 C) which is in agreement with previous lipidomic anal-
yses in HFD obese mice models '],

TCA cycle related metabolites citric, malic and lactic acid levels were higher in the saline
ApoE ™" group (figure 3.5 C). Glutamate and glutamine levels were upregulated in the saline
group, while they were both decreased in SP6 group. Both p-cresol and indoxyl sulphate levels
were higher in ApoE ™~ saline alone group, while reduced in SP6 (figure 3.5 C, supporting
information figure S2.6).

3.4. Discussion

In a previous paper [*! we characterized a novel allophycocyanin derived peptide, named
SP6, that at the dose of 10 mg/kg of SP6 reduced systolic blood pressure in an experimental
model of arterial hypertension. Considering the important hemodynamic effect evoked by acute
high-dosage treatment with SP6, here we chronically treated HFD ApoE knockout mice with a
lower-dosage (5 mg/kg) of SP6, which, while is not sufficient to modulate blood pressure, is
still associated with a significantly improved vascular function in mesenteric arteries 1.

The adopted dosage of the peptide, indeed, did not induce substantial changes of blood pres-
sure or heart rate values, however it allowed to appreciate a potential anti-atherosclerotic activ-
ity as evidenced by the reduction of the area underlying the CD68. It is well-known that one of
the first processes that acts as key factor of the atherosclerotic event, is represented by the re-

cruitment of monocytes/macrophages to the vessels wall, which favors the lipid accumulation
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and inflammation [?2], despite this, the complex molecular mechanisms involved in plaque pro-
gression still remain obscure 1231,

Based on these results, to elucidate the possible modulation of molecular pathways by SP6
and translate into useful information for pharmacodynamic comprehension, we moved to eval-
uate the metabolomic changes by an untargeted DI-FT-ICR-MS platform. The total runtime
was considerably lower than UHPLC-HRMS/MS methods (RPLC: 19 min, HILIC: 16 min,
supporting information figure S2.1), moreover, since no single chromatographic method is
able to resolve both lipids and polar metabolites, usually RPLC and HILIC or capillary electro-
phoresis (CE) are used in combination [>*, which can result in an exponential increase of the
overall analysis time.

The pathway analysis revealed a broad range of lipids and metabolites potentially affected
by the administration of SP6. Sphingolipid’s metabolism resulted as one of the most pertur-
bated. Indeed, both in vitro and in vivo studies have demonstrated the links between SM and
atherosclerosis, in fact, the inhibition of SM synthesis prevents the development of atheroscle-
rotic lesions, and reduces atherosclerotic plaque area [*°!, moreover SM 34:1 and SM 42:2 have
been positively correlated to mortality in vascular and metabolic diseases *°). Interestingly,
after the four weeks treatment with peptide SP6, the levels of all the corresponding sphingomy-
elins were decreased. Notably these were among the lipids with the highest statistical influence
(VIP > 2). Regarding glycerophospholipids, several metabolites were differently modulated in
the saline alone HFD ApoE ™~ group, in accordance with previous relevant findings on induced
HFD obese mice models *7?%]. Decreased LysoPCs levels have been also found in inflammatory
status and their composition can play potential protective role in cardiovascular diseases

(CVDs), in particular LysoPCs 16:0, 18:0 and 18:2 have been negatively associated with CVDs
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mortality %!, Opposite to saline group, the trend of the listed LysoPCs was increased in SP6
treated group, and these metabolites were among the main contributors to class separation.

TCA cycle, the terminal of fat oxidation, is dysregulated in diet induced obesity and diabetic
models, and results in inflammation process and oxidative stress *°. We found reduced TCA
metabolites levels in SP6 treated group. Similar results were obtained in rabbit atherosclerotic
models, where the increased levels of TCA intermediates translate into enhanced aerobic fatty
acid oxidation and anaerobic pathways for ATP production in macrophage-rich atherosclerotic
arteries (3%,

Among amino acids, glutamate and glutamine have been often recognized as markers of
atherosclerosis development and CVD risk. L-glutamate alteration has been associated to
proatherogenic effects, through an increased triglycerides accumulation in macrophages B!,
whereas glutamine has been linked with clinical evidence of atherosclerosis, since it has been
associated with higher risk for both plaque development and increased intima—media thickness
321 Among other altered metabolites, particularly interesting are the two uremic toxins, indoxyl
sulphate and p-cresol sulphate were decreased in SP6 group. In fact, these two metabolites have
been associated to several diseases such as endothelial disfunction, atherosclerosis and hyper-
tension and have been found upregulated in plasma and urine of obesity models 3

Overall, the metabolic profile carried out by DI-FT-ICR points out a significant change of
several metabolites after four-week treatment with SP6 peptide, resulting in the modulation of
key markers of atherosclerosis and dyslipidemia, and the crosstalk with multiple molecular
pathways. Clearly, being this a pilot study, the obtained findings should be considered in the
context of study limitations, such as a small sample size, and the need of further histological
and biochemical investigations, such as correlation with lipoproteins, triglycerides and choles-

terol levels, as well as analysis of other vessels for plaque evaluation and immunological
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studies. Nevertheless, these results show a distinct significant metabolic response induced by
SP6 treatment, that, besides its hypotensive and vasodilating potential at higher doses, could be
a promising alternative for adjuvant or preventive therapies in atherosclerosis at lower dosage.
The analytical approach used allows to take a rapid and accurate “snapshot” of both polar and
non-polar metabolite changes in very short time, and overcomes the limitation of LC-MS meth-
ods, such as longer analysis time and drift of retention times. DI-FT-ICR could be easily
adapted for larger sample numbers, which will employ other animal models, diet conditions
and comparison with drugs employed in cardiovascular diseases, which are necessary to explore
the pharmacodynamics of SP6 peptide, before moving to UHPLC-HRMS/MS methods for con-
firmation of metabolite annotation or targeted LC-MS/MS approaches for quantification pur-
poses.

3.5. Materials and methods

3.5.1. Animal experiments

The data that support the findings of this study are available from the corresponding authors
on reasonable request. Synthesis and purification of SP6 peptide is described in detail in sup-
porting information S7.2.1. All animal studies were performed in accordance with approved
protocols by the IRCCS Neuromed Animal Care Review Board and by the Istituto Superiore di
Sanita and were conducted according to EU Directive 2010/63/EU for animal experiments.
ApoE ™~ mice (Charles River Laboratories, Sant’ Angelo Lodigiano, Italy) were born at the ex-
pected mendelian ratios, developed normally, and were maintained in a ventilated environment.
All animals were randomly divided into the control group treated with saline solution and group
treated with peptide SP6 (5 mg/Kg) by daily gavage administration. Mice were fed up to 10
weeks with normal rodent chow (4.5 % fat; Ralston Purina Co.), and subsequently switched to

the Western diet-high fat diet (HFD) (Complete feed for Rodents Purified Diet 60 % ENERGY
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FROM FATS — Mucedola) at 11 weeks for 1 week. Subsequently, in the next week they have
been treated by gavage with saline solution (N = 4) or with SP6 (N = 5) daily for 4 weeks.

3.5.2. Mice monitoring and sample collection

All mice have been subjected to constant monitoring of systolic, diastolic blood pressure and
heart rate during all observation period by non-invasive tail-cuff method using the BP-2000
instrument (Visitech systems, Apex, NC, U.S.A) as previously described ®. Moreover, mice
were weighed throughout the observation period using electronic veterinary weighing scale
(Soehnle Industrial Solu- tions, Backnang, Germany).

At the end of treatment (4" week), blood was collected from the heart through cardiac punc-
ture of isoflurane-anesthetized mice in heparinized tube, and rapidly centrifuged at 2200 rpm
for 15 min to obtain plasma samples.

3.5.3. Immunofluorescence analysis

Immunofluorescence analyses of aortic arch from ApoE ™~ mice treated with saline solution
or SP6 for 4 weeks were performed on snap-frozen segment in OCT embedding medium. Fro-
zen sections (10 um) were treated with blocking solution (2% donkey serum, 1.5 % BSA, 0.5
% fish gelatin) for 45 min and immunostained overnight at 4°C in blocking solution with anti-
bodies anti— aSMA (1:200, abcam) and with anti-CD68+ (1:200; abcam) and revealed with
appropriate secondary antibodies (Rhodamine-Red anti-mouse IgG; Jackson ImmunoResearch;
Alexa Fluor 488 anti-sheep IgG; Molecular Probes, Invitrogen). Nuclei were counterstained
with DAPI. The images were acquired using a fluorescence THUNDER Imaging Systems
(Leica, Buccinasco, Milan, Italy) microscope.

3.5.4. Sample preparation

Polar metabolites and lipids were extracted following the Matyash protocol with slight mod-

ifications [*¥l. Briefly 20 uL of plasma were thawed on ice and 225 pL of ice cold MeOH were
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added, samples were vortexed for 10 s, subsequently 750 puL of cold MTBE were added and
the solution was mixed in a thermomixer® (Eppendorf) for 6 min at 4°C. Subsequently 188 uL
of H>O were added and samples were vortexed for 20 and finally centrifuged at 14680 rpm, for
5 min at 4°C for phase separation. The two phases were recovered separately and dried under
nitrogen. The non-polar extract was solubilized in 400 pL of 5 mM CH;COONH4 MeOH/DCM
90/10 (v/v), while the polar extract was solubilized in 200 pL of 1:1 ACN/H>0 0.1 % HCOOH
(v/v). A pooled quality control (QC) sample was prepared for both polar and non-polar analysis.
This was achieved by pooling an aliquot of plasma from each sample until the same volume
used for extraction and subsequently extracted as described above. Unless otherwise described,
all solvents and additives were LCMS grade and purchased by Merck (Darmstadt, Germany).

3.5.5. DI-FT-ICR analysis

Analyses were performed in direct infusion nano-electrospray by an automated multisample
chip-based nESI sample ionization platform TriVersa NanoMate (Advion BioSciences Ltd, Ith-
aca NY, U.S.A), which was operated with the following parameters: gas pressure (nitrogen)
was 0.3 psi, spray voltage 1.45 kV, sample volume was 5 pL, sample plate temperature was set
to 10°C, 5 um nominal internal diameter nozzle chip was used. Data were acquired on a SolariX
XR 7 T (Bruker Daltonics, Bremen, Germany). The instrument was tuned with a standard so-
lution of sodium trifluoracetate (NaTFA). Mass Spectra were recorded in broadband mode in
the range 150-1500 m/z for lipids, whereas 90—800 m/z was used for polar metabolites, with
an ion accumulation of 10 ms, 32 scans were acquired using 2 million data points (2 M), with
a resolution of 150.000 at m/z 400. Drying gas (nitrogen) was set at 2 mL/min, with a drying
temperature of 150°C. Funnel amplitude was set to 90 V (polar metabolites) or 100 V (lipids),

transfer was set at 0.6 MHz, and TOF 0.7 s. Both positive and negative ESI ionization were
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employed in separate run. Five replicates of each injection were carried out. The instrument
was controlled by Bruker FTMS Control (Bruker).

3.5.6. UHPLC-HRMS/MS analysis

Two UHPLC-HRMS/MS methods (reversed phase and hydrophilic interaction liquid chro-
matography) were employed to enforce DI-FT-ICR results and avoid metabolite misannotation.
Analyses were performed on a Thermo Ultimate RS 3000 coupled online to a Q-Exactive hy-
brid quadrupole Orbitrap mass spectrometer (Thermo Fisher Scientific, Bremen, Germany)
equipped with a heated electrospray ionization probe (HESI II). For Lipid analysis the separa-
tion was performed with an Acquity UPLC CSH C18 column (100 x 2.1 mm; 1.7 um) protected
with a VanGuard CSH precolumn (5 X 2.1 mm; 1.7 pm) (Waters, Milford, MA, U.S.A). The
column temperature was set at 55 °C, a flow-rate of 0.4 mL/min was used, mobile phase con-
sisted of (A): ACN/H20 with 10 mM HCOONH4 and 0.1 % HCOOH 60:40 (v/v) and (B):
IPA/ACN with 0.1 % HCOOH 90:10 (v/v). The following gradient has been used: 0 min, 40 %
B, 2 min, 43 % B, 2.10 min, 50 % B, 10 min, 60 % B, 12 min, 75 % B, 13 min, 99 % B hold
for 2 min, returning to 40 % in 0.1 min. The separation of polar metabolites was performed in
HILIC mode, with an Acquity BEH Amide (100 % 2.1 mm; 1.7 um) protected with a VanGuard
amide precolumn (5 x 2.1 mm; 1.7 pm) (Waters). The column temperature was set at 40 °C,
and the flow-rate was 0.350 mL/min. The mobile phase was (A): 0.1 % HCOOH in H>O (v/v)
and (B): 0.1 % HCOOH in ACN (v/v). The following gradient was employed: 0 min, 99 % B,
1 min, 99 % B, 10.50 min, 20 % B, 11 min, 20 % B, returning to 99 % in 0.1 min, 2 pL were
injected in both RP and HILIC. Full MS (Lipids: 300—1500 m/z, polar metabolites: 50—800
m/z) and data-dependent MS/MS were performed at a resolution of 35.000 and 15.000 FWHM
respectively, a fixed normalized collision energy (NCE) value of 30 was used. Both ESI" and

ESI” were used, in separate run. Source parameters: Sheath gas pressure, 45 arbitrary units;
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auxiliary gas flow, 15 arbitrary units; spray voltage, +/-3.5 kV; capillary temperature, 280 “C;
auxiliary gas heater temperature, 350 °C. Three replicate of each sample were performed, QC
were randomly inserted in the batch to monitor system stability over time.

3.5.7. Data processing

DI-FT-ICR data analysis was performed with Metaboscape (v. 5.0, Bruker). The first step is
the creation of a matrix (bucket table) using the T-ReX 2D algorithm. The T-Rex 2D algorithm
for feature extraction from FT-ICR single spectra extracts m/z / intensity pairs (peaks) from
acquired raw data and subjects them to deisotoping in order to create features consisting of
isotope patterns. Subsequently, spectra alignment, filtering, normalization were performed. The
spectra were processed in positive mode using H" as the primary ion, Na* and NH4" as a poten-
tial adducts, while in negative mode H™ was set as the primary ion and CI™ as a potential adduct.
For metabolite annotation, assignment of the molecular formula was performed for the detected
features using Smart FormulaTM (SF), isotopic fine structure (ISF) and data recalibration. The
bucket table was annotated with a list of metabolites and lipids obtained respectively from the
HMDB (https://hmdb.ca/) and LIPIDMAPS database (www. lipidmaps.org). Annotation was
performed with 0.2 ppm (narrow) or 1 ppm (wide) mass tolerance and a mSigma value below
200, molecular formulas were manually inspected taking into account the most probable adduct
form. For UHPLC-HRMS processing Thermo RAW. data files were converted to ABF format
using Reifycs Abf (Analysis Base File) converter, subesequently data alignement and metabo-
lite annotation were performed by MS-DIAL software (v. 4.16,
http://prime.psc.riken.jp/compms/msdial/ main.html). Detailed parameters for peak picking,
alignment and annotation are reported in supporting information S7.2.2. Metabolites were
putatively annotated on level 2 Metabolomics Standard Initiative (MSI level 2) with accurate

mass/isotopic fine structure or spectral similarity, for some case where isomeric overlap
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occurred and/or in absence of reference MS/MS spectra, metabolites were annotated on level 3
and thus assigned to a biochemical class [**],

3.5.8. Statistical analysis

Statistical analysis of systolic, diastolic blood pressure and heart rate was performed using
two-way ANOVA followed by Bonferroni’s multiple comparisons test. Two-way ANOVA fol-
lowed by Sidak’s multiple comparisons test was used for weight comparison. Unpaired t-test
was used for a-SMA and CD68 comparisons between groups. For DI-FT-ICR-MS and
UHPLC-HRMS/MS univariate and multivariate statistical analysis were conducted with nor-
malized and pareto-scaled HRMS data using MetaboAnalyst (v. 4.0, http://www.metaboana-
lyst.ca/), data from both ionization polarities were treated simultaneously. The normalized var-
iables obtained from data processing were visualized in a Volcano Plot to show which variables
present a stronger combination of fold change (FC) and statistical significance (p-value) from
a Student t-test, features with fold change >1, <-1 and p value <0.05 were considered statisti-
cally significant. Principal component analysis (PCA) and partial least square discriminant
analysis (PLS-DA) was used to visualize discrimination among the two groups, the validity and
robustness of the PLS-DA model was evaluated using the coefficient R?> (model-fit) and the
coefficient Q? (predictive ability), respectively, using the 5-fold internal cross-validation
method. The loading plot was used to identify significant metabolites responsible for maximum
separation in the PLS-DA score plot, and these metabolites were ranked according to their var-
iable influence on projection (VIP) scores. Metabolic pathways and Whisker box plot were
created and visualized using Metaboanalyst.

3.6. Conclusions

In this study, a fast and accurate direct infusion FT-ICR based metabolic profiling was ap-

plied for the preliminary evaluation of the effect of the novel spirulina peptide SP6 in a model
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of atherosclerosis, namely high fat diet ApoE . DI-FT-ICR analysis with a short analysis time
of 1.50 min per sample delivered high mass accuracy and resolution, together with good repeat-
ability. The statistical analysis allowed to elucidate a significant modulation of different meta-
bolic routes caused by the administration of SP6 peptide, comprising key metabolites which are
involved in atherosclerotic plaque progression and development. These preliminary results en-
courage to extend the investigation of the possible employment of SP6 peptide in the prevention

and treatment of multifactorial cardiovascular diseases.
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CHAPTER 1V
Dysregulated endocannabinoid pathway and its role in AP-4 defi-

ciency syndrome

Abstract

Adaptor protein (AP-4) is implicated in intracellular vesicle trafficking of cargo proteins.
AP-4 is an heterotetrametric complex and alterations in one of the four subunits cause a severe
form of childhood hereditary spastic paraplegia, named AP-4 deficiency syndrome. This is a
neurodegenerative disease characterized by intellectual disability, spasticity and axonal growth
defects. Spatial proteomic studies highlighted that the diacylglycerol lipase beta (DAGLB) was
a possible candidate as a novel AP-4 cargo protein. DAGLB plays a key role in the generation
of the 2-arachidonoylglycerol (2-AG), an endocannabinoid responsible of the correct axonal
growth. An untargeted lipidomics approach to monitor endocannabinoid levels in brain of AP-
4 deficient mice and to elucidate any further dysregulated lipid subclasses was applied. Our
study revealed a reduction of 2-AG abundance in Ap4el mice supporting the hypothesis of
DAGLB as a novel AP-4 cargo protein.

4.1. Introduction

Hereditary spastic paraplegias (HSP) are a group of diversified neurodegenerative disorders.
They are classified, according to the phenotype and to the involved altered genes, into “pure

HSPs” or “complex HSPs” [1],
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The “pure forms” are characterized by neurologic impairment limited to progressive lower
extremely spastic weakness and urinary disfunctions. Patients affected by “complex HSPs” suf-
fer of additional symptoms, such as: intellectual disability, dementia, ataxia and extrapyramidal
signs. HSPs can be manifested due to mutations in more than 40 genes 1. In this context, mu-
tations in one of the four genes encoding the subunits (4P4B1, AP4E1, AP4M1, AP4SI) cause
a severe and rare neurodegenerative disorder, defined as AP-4 deficiency syndrome . AP-4
belongs to the family of adaptor proteins, and it localizes at trans-Golgi network, where it is
involved in trafficking of cargo proteins . Alterations in the subunits of the heterotetrametric
complex AP-4 lead to an autosomal-recessive pathology with the onset of symptomatology in
childhood, distinguished by spastic tetraplegia, intellectual disability, foot deformities, seizures.
In addition, brain imaging show thinning of corpum callosum, delayed myelinization and ven-
triculomegaly ). Furthermore, in knockout mice for the gene Ap4el have been documented
defective axons (¢! and a dysregulated autophagy ).

The role and functions of AP-4 are still poorly clarified due to its scarce abundance ! and,
consequently, the physio-pathogenesis of the related disease is not yet well defined. Davies et
al !, through a spatial proteomic method called dynamic organellar map, recently identified,
in AP-4 deficient cells, ATG9A as a novel AP-4 cargo protein responsible for the dysregulated
autophagy. Then, with a more sensitive exploratory analysis of the obtained data, an additional
hit, named DAGLB (diacylglycerol lipase-beta), has been proposed as a potential novel cargo
protein of AP-4 vesicles. DAGLB is a key enzyme for generation of 2-arachidonoylglycerol (2-
AG) 1% the most abundant endocannabinoid in brain '), In developing neurons, an unknown
pathway targets DAGLB to the distal axon, where 2-AG is required to promote axonal growth

and guidance ['>13],
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Considering the low levels of endocannabinoids in biological samples, liquid chromatog-
raphy coupled to mass spectrometers has become the method of choice for monitoring their
potential dysregulation in neurodegenerative disease ['¥l. Here, to prove AP-4’s involvement in
DAGLB transport, a nano liquid chromatography ion mobility mass spectrometry (nLC x IMS)
strategy was employed to monitor the brain levels of 2-AG, arachidonic acid (AA), and stea-
royl-sn-arachidanoyl-glycerol (SAG) and to investigate other possible lipidome perturbations
in Ap4el deficient mice.

4.2. Aim of the work

The study aimed to investigate and confirm the possible involvment of AP-4 complex in the
transport of the Diacylglycerol lipase-beta. To this end, in a context of an untargeted lipidomic
profiling, the brain levels of three endocannabinoids in Ap4el knock-out and wild-type mice
were monitored.

4.3. Results

4.3.1. Analytical method

The lipidomic profiling was performed employing a platform based on nano-LC-TIMS-
qTOF instrument, working with PASEF (parallel accumulation serial fragmentation) technol-
ogy to increase the number of selected precursors for MS/MS fragmentation. The adopted sys-
tem let us to increase the confidence of each annotated compound, considering that every lipid
is extracted from four-dimensional data space (retention time, ion-mobility, m/z, MS/MS). The
study was conducted with a quality control (QC) strategy to assess system stability and repeat-
ability. QCs were analyzed at the beginning, in the middle and at the end the batch. The reported
lipids had coefficient of variation (CV %) among QCs lower than 35%, as can be appreciated
from their great clustering in the PLS-DA score plot (figure 4.1 A). Furthermore, the final 585
lipids (supporting information table S3.1) were present at least in the in 75% of analyzed
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subgroups (Wild-type, WT; Ap4el knock-out, KO). The identified lipids belong to 24 different
lipid subclasses, emphasizing the broad coverage of the entire lipid profile (figure 4.1 B): Fatty
Acid (FA), Diradylglycerols (DG), Triradylglycerols (TG), Phosphatidylcholines (PC), Phos-
phatidylethanolamines (PE), Phosphatidylglycerols (PG), Phosphatidylinositols (PI), Phospha-
tidylserines (PS), Lysophosphatidylcholines (LPC), Ceramides (Cer), Neutral glycosphin-
golipids (HexCer), Sphingomyelins (SM), Cholesteryl esters (CE), Fatty Acid (FA), Lysophos-
phatidylethanolamines (LPE), Lysophosphatidylinositols (LPI), Lysophosphatidylglycerols
(LPG), Lysophosphatidylserines (LPS), Ether-linked phosphatidylcholines (PC-O), Ether-
linked phosphatidylethanolamines (PE-O), Ether-linked phosphatidilglycerols (PG-O), Sul-

fatides (SHexCer), Oxidized sulfatides (ShexCer-O), Bismonoacylglycerophosphate (BMP).
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Figure 4.1. (4) PLS-DA score plot showing discrimination among Ap4el knock-out group (red), wild-type animals (blue) and quality controls (green); (B) Subclass

classification of the putative identified compounds in the brain lipidome extract; (C) Distribution of identified lipids between employed spectral libraries.
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Noteworthy, almost the 73 % of the identified lipids were annotated by both the libraries
that we employed (figure 4.1 C). Data analysis showed high accuracy and precision (figure

4.2).
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Figure 4.2. Frequency distribution of ppm error (4), ACCS error (B) and MS/MS score (C) of the

identified lipids. Median values are reported.

4.3.2. Endocannabinoid pathway analysis

To evaluate the involvement of the AP-4 complex in the transport of DAGLB we used a RP-
LC-TIMS approach to monitor the brain levels of 2-AG, AA, and their precursor SAG. To this
end, we employed a deuterated compound (2-AG-d8, SAG-d8, AA-d8) for each endocanna-
binoid under study. The internal standards were spiked to the tissues prior to homogenization

allowing in this way to correct the results for any sample losses and to further facilitate their
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identification. The analysis revealed an approximately 30% reduction in 2-AG and 20% reduc-

tion in AA in the AP-4-deficient mice (figure 4.3), but no significant difference in the levels of

1-stearoyl-2- arachidonoyl-sn-glycerol.
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Figure 4.3. Relative quantification of (A) 2-AG, (B) AA and (C) SAG, from WT and KO mouse brains

(5 animals per group, horizontal bar indicates median). Data were subjected to a two-tailed Mann-

Whitney U-test: *p <0.05; ns p >0.05.
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4.3.3. Brain lipidome profiling
As shown in figure 4.4 the principal component analysis built on lipids showed a clear sep-

aration between the two groups, the first and the second component explain, respectively, the

35.8% and the 14.4% of the variance.

8- s
§ o H‘CO-‘I
3 —
~
-
€ o s
g ¥
] ‘.\-TT?O‘ "%03 ",
. -
nag!
v L | ) v J v L hd 1
-10 0 10 20 30 40

Component 1 (35.8%)

Figure 4.4. PCA 2D score plots built on lipids showing the discrimination between WT (green) and

KO (red).

The statistical analysis revealed 96 lipids with a p-value <0.05 (supporting information
figure S4.1, supporting information table S3.2). Subsequently, three different methods (Var-
iable importance in projections; VIP, Significant analysis of metabolomics; SAM, and volcano
plot) were employed to reduce the number of significant dysregulated lipids in the comparison
between Ap4el knock-out and wild-type mice and to put in evidence the most affected lipid
subclasses. The molecules statistically significant and in common among the statistical tests are
summarized in table 4.1. Hexosylceramide’s metabolism was the most perturbated, with a
43.0 % decrease in KO group, while cholesteryl ester subclass was the only increased (39.4 %)

in the AP-4 deficient mice (figure 4.5).
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Table 4.1. Significant lipids according to the statistical tests adopted.

Compound Lipid main class VIP Score raw pvalue (Volcano Plot) dvalue (SAM)
BMP 42:10 Glycerophosphoglycerol 2.0598 0.00017214 6.5846
DG 41:1 Diradylglycerol 2.0862 9.3214 % 7.1916
DG 42:1 Diradylglycerol 2.0916 8.1252 ¢® 7.3331
DG 0-36:6 Diradylglycerol 1.7968 0.0053023 3.7913
HexCer 18:1;20/20:0 Neutral glycophingolipid 1.8282 0.0040284 3.9859
HexCer 18:1;20/22:0 Neutral glycophingolipid 1.8136 0.0045893 3.8931
HexCer 18:1;20/24:0 Neutral glycophingolipid 1.9263 0.0014421 4.7517
HexCer 18:1;20/24:0;0  Neutral glycophingolipid 1.7721 0.0064878 3.6507
HexCer 18:1;20/25:0;0  Neutral glycophingolipid 1.7759 0.0062974 3.6713
HexCer 18:1;20/26:0 Neutral glycophingolipid 2.0282 0.00032057 6.0079
HexCer 18:1;20/38:2;0  Neutral glycophingolipid 1.7544 0.0074481 3.5556
HexCer 20:2;20/26:0;0  Neutral glycophingolipid 1.9848 0.00065606 5.3871
LPC 24:0 Glycerophosphocoline 1.8399 0.0036173 4.0632
LPC 24:1 Glycerophosphocoline 1.7916 0.0055402 3.7605
PG 34:2/BMP 34:2* Glycerophosphoglycerol 1.7423 0.0081596 3.4932
PG 39:5 /BMP 39:5* Glycerophosphoglycerol 1.8221 0.0042597 3.946
PG 40:7 /BMP 40:7* Glycerophosphoglycerol 1.7606 0.0071026 3.5882
SM 38:1 Phosphosphingolipid 1.9007 0.0019427 4.5228

*Not resolved identification
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Figure 4.5. Summed signal intensities for monitored sphingolipids (A) and cholesteryl esters (B),

(WT, green; KO, red).

Statistically significant lipids responsible for maximum separation between groups in PLS-
DA were extracted through VIP scores (figure 4.6 C, supporting information table S3.3).
The built model showed good quality of class discrimination parameters R*= 0.99931, Q*=
0.68967 and the analysis revealed 76 lipids with a VIP score greater than 1.5. Volcano plots
were performed with fold change (FC) 2 and p-value of <0.01 (figure 4.6 A, supporting in-
formation table S3.5). The results highlighted 3 up-regulated (2 cholesteryl esters and 1 phos-
phatidylcholines) and 18 down-regulated lipids (3 diradylglycerols, 4 glycerophosphoglycer-
ols, 8 neutral glycosphingolipids, 1 phosphosphingolipid and 2 phosphatidylcholines) in the
knock-out group when compared to WT animals. Then, in order to reinforce the obtained data,
SAM analysis with a restrictive false discovery rate (FDR) of 0.047 was conducted, revealing
45 lipids all down regulated in KO subgroup (figure 4.6 B, supporting information table

$3.6).

82



Chapter 1V: Dysregulated endocannabinoid pathway and its role in AP-4 deficiency syndrome.

) sio0own (3 [ Sig.Up (18] [ Unsig. 564

SAM Plot for Delta = 1.5

DG 42:1

DG 4111

BMP 4210
HexCer 18:1.20
HexCer 202,20

TG 181 181 2
TG 180_2011 2
MexCer 18:1:20
CE 180

TG 180_181 2
sM381 8

TG 180_180_2
LPC 240

TG 180_181_2

HexCer 18:1.20

A
40
35
30
32.5
gz.o -
15
10
os
o
-5
B
cutiow and
~ -
o 2984
o mou
Sgrican 43
W o Fase 3
FOR 0047
-
-
i""‘
-1
-
o
-
o
- -
i
- -
°
w
T T T
5 4 3

1.85

1.90

T
1.95

T
2.00

VIP scores

T
2.05

2.10

LR

§ m— —

Figure 4.6. (4) Volcano plot of final dataset. The data for all lipids are shown as log?2 fold change

versus the -log10 of pvalue. Blue dots, red dots and grey dots indicate, respectively, down-regulated,

up-regulated and statistically not significant lipids in the direction comparison (WT/KO), (B) SAM

plot graph indicating statistically significant lipids with green dots, (C) VIP scores plot displays the

best 15 lipids identified by PLS-DA. The colored boxed on the right indicate the relative abundance in

the group.
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Furthermore, we also observed a reduction (supplementary figure S3.2) in the 4Ap4el
knock-out brain levels of most of the lipids containing the arachidonic acid chain in their struc-
ture, except for LPC 20:4 and DG 20:4 20:4.

4.4. Discussion

DAGLB is a key enzyme for generation of the endocannabinoid 2-AG, which is an important
signalling lipid in the central nervous system. The major pathway for 2-AG biosynthesis is
hydrolysis of diacylglycerol (DAG) at the sn/ position by DAG lipase ?]. DAGLs are required
for diverse aspects of brain function, including axonal growth during development, neurogen-

[15] These functions require not only

esis in the adult brain and retrograde synaptic signalling
temporal control of DAGL expression, but also tight regulation of DAGL subcellular localisa-
tion. Downstream of DAGL activity, 2-AG is hydrolysed by monoacylglycerol lipase (MGLL)
to produce arachidonic acid ['®). Thus, DAGL activity controls the levels of both 2-AG and AA,
and both lipids decrease in parallel in the brains of Ap4el knockout mice. Based on this model
of the 2-AG pathway, we hypothesised that the missorting of DAGLB in AP-4 deficiency may
lead to impaired DAGL activity, and hence to reduce levels of 2-AG and AA in the brain. To
test this hypothesis, in this study we used a lipidomic approach as a tool to reveal dysregulated
lipid classes and to compare endocannabinoids levels in brains of wild-type and Ap4el knock-
out mice. In confirmation of our hypothesis the mass spectrometry analysis revealed a reduction
in 2-AG and AA brain levels in the AP-4-deficient mice, but no significant difference in the
level of the major substrate of DAGLB, SAG '), Thus, our data support that DAGLB missort-
ing in AP-4-deficient neurons leads to impaired DAGL activity and dysregulated endocanna-
binoid signalling.

Furthermore, analysis of sphingolipids showed an overall decrease in the levels of hexosyl-

ceramides in AP-4 deficient mice. Alteration of sphingolipids pathway have been associated
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with hereditary spastic paraplegias phenotype ['®). Noteworthy, a decreased level of hexcers
have been positively correlated with a reduced axonal growth and the inability of neurons to
form axonal branches ['). The untargeted approach also revealed an overall increase of choles-
teryl esters, lipids involved in the transport and storage of cholesterol. Alterations in CEs have

been documented in many neurological disorders, such as: Huntington disease, multiple scle-

[20,21 [22]

rosis land in brain lesions that involves the breakdown of myelin

Integrations of omics sciences, such as lipidomics and proteomics, is confirmed as a price-
less survey instrument to broaden the knowledge of the complex mechanism that are among the
causes of serious diseases, such as HSPs, and thus to propose possible new pharmacological
hits and targets.

4.5. Methods and material

4.5.1. Animal model

All animal procedures were conducted at the University of Cambridge, Cambridge Institute
for Medical Research, in accordance with the UK Animals (Scientific Procedures) Act of 1986
and under the authority of the project licence PPL7008339 held by Prof. Margaret Robinson.
Ap4el knockout mice (C57Bl/6N-Ap4del[tm1b{KOMP} Wtsi]), generated using the knockout-
first tm1b allele system [*¥], were obtained via the European Mouse Mutant Archive (EMMA;
strain EM:09451) from Helmholtz Zentrum Miinchen Deutsches Forschungszentrum fiir Ge-
sundheit und Umwelt (GmbH). The brain samples used in this study were taken at 6 months
(range 178-197 days). The WT group consisted of 4 females and 1 male; the KO group con-
sisted of 3 females and 2 males.

4.5.2. Lipid extraction

Brains used for lipid analyses were removed from animals and placed immediately into ice-

cold PBS, before being snap frozen in liquid nitrogen. Frozen brain samples were then stored
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at -80°C, until the time of lipid extraction. Lipids were extracted with a generic methanol-chlo-
roform-based protocol. Brains from five wild-type (WT) and five Ap4el knockout (KO) mice
were weighed and quickly transferred (within seconds and without thawing) to a homogenizer
containing 16 mL of cold Chloroform:Methanol: Water (CHCl3:MeOH:H-O, 2:1:1 v:v:v) doped
with the following internal standards: 2-Arachidonoyl-Glycerol-d8 (2-AG-d8), 1-Stearoyl-2-
Arachidonoyl-sn-Glycerol-d8 (SAG-dS8), Arachidonic Acid-d8 (AA-dS8), all purchased from
Cayman Chemical (USA), C17 Ceramide (d18:1/17:0) and a mixture of deuterated internal
standards (Splash Lipidomix®) purchased from Avanti Polar Lipids (Alabaster, AL, U.S.A).
Brain homogenates were then vortexed and centrifuged at 2000 rpm, at 4 °C, for 5 min in order
to separate the organic fraction. The bottom phase (organic) was collected and the upper phase
was re-extracted with 4 mL CHCI; containing 40 pL formic acid and centrifuged as described
above. The bottom phase (organic) was collected again and both organic phases were combined,
vortexed and 250 pL were dried. Finally, dried extracts were resuspended in 250 puL 1-buta-
nol:iso-propanol:water (BuOH-IPA-H-O, 8:23:69 v:v:v) and directly measured.

4.5.3. Lipid measurements by nanoLC-timsTOF Pro mass spectrometry

For measurements of lipids by liquid chromatography coupled to mass spectrometry (LC-
MS), a setup of nanoLC chromatography coupled with ion mobility mass spectrometry was
used, as described by Vasilopoulou et al !, Briefly, an Easy-nLC 1200 (Thermo Fisher Scien-
tific) ultra-high pressure nanoflow chromatography system was used to separate lipids on an
in-house reversed-phase column (20 cm x 75 pm i.d.) with a pulled emitter tip, packed with 1.9
um C18 material (Dr. Maisch, Ammerbuch-Entringen, Germany). The column compartment
was heated to 60 °C, the mobile phases A and B were acetonitrile:water (ACN/H20 60:40 v:v)
and isopropanol:acetonitrile (IPA/ACN 90:10 v:v), both buffered with 0.1% formic acid and
10 mM ammonium formate. The mobile flow was set to 400 nL min™! and lipids were separeted
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with the following gradient: 0 — 3 min, 1-30 %B; 3 — 4 min, 30-51 %B; 4 — 9 min, 51-61 %B;
9 — 14 min, 61-71 %B; 14 — 19 min, 71-99 %B; 19 — 24 min, isocratic at 99 %B; 24 — 25 min,
returnig to 1 %B and finally 3 min to re-equilibrate the column. The global LC runtime was 40
min, including time for refilling LC pumps and sample loading. The nanoLL.C was coupled to a
hybrid trapped ion mobility-quadrupole time-of-flight mass spectrometer (timsTOF Pro, Bruker
Daltonics, Bremen, Germany) via a modified nanoelectrospray ion source (Captive Spray,
Bruker Daltonics). Electrosprayed ions enter the first vacuum stage where they are deflected by
90° and accumulated in the front part of a dual TIMS analyser. The instrument was operated
with the PASEF method activated in both positive and negative ionization modes. The analysis
were acquired in the following m/z and ion-mobility range: 50-1550 m/z and 0.60-1.95 Vs/cm?,
respectively. The accumulation and the ramp time were both set to 100ms. Precursors were
fragmented with an ion-mobility dependent collision energy, which increased from 25 to 45 eV
in the positive mode and from 35 to 55 eV in negative mode. One full TIMS-MS scan and three
PASEF MS/MS scans were performed with an acquisition cycle of 0.4 s. The TIMS ion charge
control (ICC) was set to 7.5 Mio. Both the TOF and the TIMS dimensions were calibrated
linearly using four selected ions from the Agilent ESI LC/MS tuning mix [m/z, 1/KO0:
(322.0481, 0.7318 Vs cm?), (622.0289, 0.9848 Vs cm™2), (922.0097, 1.1895 Vs cm?),
(1221,9906, 1.3820 Vs cm2)] in positive mode and [m/z, 1/KO0: (666.01879, 1.0371 Vs cm?),
(965.9996, 1.2255 Vs cm2), (1265.9809, 1.3785 Vs cm )] in negative mode. Each sample
was injected in triplicate (injection volume 1 pL in positive and 2 pL in negative mode), in a
randomized order, while blanks were scheduled after the triplicate injection of each sample. A

quality control (QC) strategy was employed to monitor instrument performance.
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4.6.4. Lipid data analysis

Processing and analysis of the raw files was performed with MetaboScape 2021 version
(Bruker Daltonics, Germany), which contains a feature finding algorithm (T-ReX 4D). This
latter automatically extracts data from the four-dimensional space (m/z, retention time, ion mo-
bility and intensity) and assigns MS/MS spectra to them. Precursor ion masses were recalibrated
with the lock masses m/z 622.028960 (positive mode) and m/z 666.019887 (negative mode)
while the ion mobility dimension was recalibrated using the Tuning Mix ions, as above. Feature
detection was performed using an intensity threshold of 3000 counts in positive mode and 1000
counts in the negative mode. The minimum number of data points in the 4D TIMS space was
set to 100, or 50 when using recursive feature extraction. Lipid annotation was performed with

both a rule-based annotation and the LipidBlast spectral library of MS DIAL

(http://prime.psc.riken.jp/compms/msdial/main.html), setting the following parameters: toler-
ance: narrow 2 ppm, wide 10 ppm; mSigma: narrow 30, wide 250, MS/MS score: narrow 800,
wide 150. CCS%: narrow 2, wide 5. The successive adduct ions were searched in positive
mode: [M+H]’, [M+Na]’, and [M+NH4]"; instead in negative mode: [M-H], [M+CI]",
[M+HCOO]". All the annotated lipids were manually investigated and filtered according to:
peak shape, MS/MS spectrum, linearity of Retention time VS Total carbons number and m/z
VS CCS values within lipid subclass and total double bonds number. Considering the MS/MS
spectra information on the fatty acyl-chain composition, we reported lipids using the following
nomenclature: a short name, e.g., DG 34:0, or a long name, e.g., DG 18:1 18:1. Structural
isomers are labeled as A or B.

4.6.5. Lipid statistical analysis

The raw values of lipid species of 2-AG, SAG and AA were normalized based on the inten-
sity of the corresponding internal standard and the wet tissue weight. Finally, mean values from

88


http://prime.psc.riken.jp/compms/msdial/main.html

Chapter 1V: Dysregulated endocannabinoid pathway and its role in AP-4 deficiency syndrome.

the triplicate injections were used for statistical analysis. Statistical analyses were performed in
GraphPad Prism version 8.4.1 for Windows. Data were analyzed using a two-tailed Mann-
Whitney U-test. Before performing statistical analysis for the untargeted lipidomic considera-
tions, all the lipids with a coefficient of variation (CV %) greater than 35 % among QC and
missing more than 75 % in real samples were discarded. Each lipid was normalized based on
the intensity of the internal standard belonging to the same lipid subclass and the obtained da-
taset was log-tranformed and auto-scaled. Statistical analysis was performed with Metaboana-

lyst 5.0 (https://www.metaboanalyst.ca) and Perseus (v1.6.0.8). Both unsupervised principal

component analysis (PCA) and supervised partial least squares discriminant analysis (PLS-DA)
were employed to visualize discrimination in the acquired dataset. Variable importance in pro-
jection (VIP) scores, based on PLS-DA results, Significance analysis of Metabolomics (SAM),
giving a delta value of 1.5, and univariate Volcano plots analysis were used to identify lipids
responsible for the maximum separation of the groups.

4.6. Conclusions

In conclusion, we have identified an important role for AP-4 in transport of DAGLB provid-
ing a missing link in understanding the spatial regulation of endocannabinoid signalling. Our
findings open up a new direction for the pathomechanisms of AP-4 deficiency syndrome: ab-
errant spatial control of 2-AG synthesis leading to developmental defects in axon formation.
We suggest that the diverse neurological symptoms of AP-4-deficient patients may be in part

caused by compound effects of impaired 2-AG production due to DAGLB missorting.
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CHAPTER YV
Pre-formed gradients for high-throughput and robust nanoflow

lipidomics with trapped ion mobility and PASEF

Abstract

Lipidomics is gaining more and more space in the biomedical research. In recent years liquid
chromatography-mass spectrometry has become one of the essential analytical techniques for
clinical studies. To achieve a high sensitivity in order to monitor lipid species present in low
abundance in biological samples, nano LC chromatography coupled with ESI ionization repre-
sents one of the most valid approaches. However, in the lipidomics landscape nano chromatog-
raphy is still challenging. Here we adapted a new concept of nano liquid chromatography,
namely Evosep One, to lipidomics. Its characteristic is a pre-formed gradient strategy that guar-
antees robustness with high flow rate (1 uL/min), if compared to nano-LC, and high-throughput
with acquisition of more than 40 samples per day and most important while maintaining the
nanoflow sensitivity when starting from minimum material (1 pL) of plasma. Analysis of stand-
ard compounds as well as complex plasma lipid extracts demonstrated excellent chromato-
graphic performance with narrow peak widths across the major lipid classes and high run-to-
run-reproducibility. And more important, lipids with Evosep One are bounded in a C18 solid
phase material that can extend their stability over 27 hours preventing sample degradation, a

challenge often faced in the lipid extracts when kept in liquid form in the typical LC’s
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autosampler. Injecting samples from disposable trap columns also offers faster turnaround
times as compared with conventional nanoflow LC.

5.1. Introduction

Lipids play a pivotal role in the life of every organism. Indeed, they are involved in the most
common life processes, such as: energy storage, molecular signalling and structural functions
(11, Given their broad spectrum of functions, lipid dysregulations have been positively correlated
to many types of diseases, such as cancers, cardiovascular disorders, neurological disturbs, neu-
rodegenerative pathologies and metabolic syndromes 2341 Identifying the highest number
of lipids or providing a measure of their concentration in the studied biological systems repre-
sents one of the main goals of biomedical research in the lipidomics field. Lipid profiling is
extremely challenging due to the high complexity and heterogeneity of lipid species and their
investigations are usually carried out through mass spectrometry (MS) methods. There are two
MS approaches that are widely used, direct infusion (DI) or liquid chromatography (LC) cou-
pled to MS 7. DI-MS is a high-throughput technique, which allows the profiling of a high
number of samples in a short time and generates data with a reduced complexity if compared
to the LC-MS platforms ®. However, DI-MS can suffer from a poor ionization of lipid classes
and of molecules in general low abundant in biological samples ), and even more critical, at
least for lipidomics, it is unable to separate isomeric or isobaric species ['%. Therefore, in many
studies the choice falls on the use of LC-MS methods. There are two main strategies widely
employed. HILIC (hydrophilic interaction liquid chromatography) columns separate lipids ac-
cording to the polar head group, while reverse phase chromatography (RP) allows to separate
the single lipids by exploiting the interactions established between the stationary phase and the
fatty acids building lipids ['!"!?]. Furthermore, LC-MS based lipidomics is almost exclusively

performed with analytical flow rates due to its throughput and robust operation. Using micro,
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narrow or analytical bore LC columns [!*¥] is preferred to nano-LC columns systems as they
are less subject to leaks, peak broadening and emitters clogging due to the presence of salts that
are usually added to lipidomics mobile phases !'°]. However, higher flow rates and larger col-
umn diameters lower the electrospray efficiency and hence sensitivity. Moving to a nano-elec-
trospray ionization (nESI) system reduces drastically the sample consumption, solvents cost
and increases the efficiency ). To increase throughput and robustness of nanoflow separations,
the Evosep One LC system elutes samples from disposable trap columns and embeds the ana-
lytes in a pre-formed gradient, which is then pushed through the separation column with a single
high-pressure pump ['71. Here, we adapted this system to the specific challenges of lipidomics
and evaluated its performance in combination with trapped ion mobility spectrometry (TIMS)
and deep MS/MS analysis in single runs by parallel accumulation — serial fragmentation (PA-
SEF) 181,

5.2. Aim of the work

In the present study we aimed to develop and establish an innovative nano-LC system for
untargeted lipidomic analysis. This work is settled to offer a valid alternative to the classic
nano-liquid chromatography systems able to overcome the most common lipidomics challenges
and to provide a high-throughput and sensitive platform for biomedical research in the lip-
idomics landscape.

5.3. Results

5.3.1. Evosep One Method Validation

The core of the Evosep One system is based on four low-pressure pumps (A, B, C, D), a
single high-pressure pump (HP), a storage loop and disposable trap columns, namely Evotips
(supplementary figure S4.1). Lipids extracts, once loaded on the Evotips, are eluted with a

gradient generated by pumps A and B; the latter is subsequently diluted by the mobile flow
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pumped by C and D. At this point, this off-set gradient, containing the analytes, is stored inside
a storage loop (ID 100 um, 30 uL) and then pushed into the column by a single high-pressure
pump facilitating peak focusing and thus symmetric and sharp peaks. The chromatographic
separation is carried out on a C18 column with the following geometry: 8 cm x 150 um ID X
1.5 um. We started from a classical nano-LC method of 30 min with 12 minutes of overhead
time until to get a final method that allowed the complete elution of all the lipid classes present
in a plasma sample in 28 minutes at a flow rate of 1 pL/min with 3 minutes of overhead time.
Base peak chromatograms (BPCs) of plasma lipid extract in both the ionization modes are

shown in figure 5.1 and figure 5.2.
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Figure 5.1. BPC (A) and heatmap of mobility space (B) of plasma lipid extract acquired in positive
mode (LPCs: Lysophophatidylcholines, LPEs: Lysophosphatidylethanolamines, PCs: Phosphatidyl-
cholines, PEs: Phosphatidylethanolamines, PGs: Phosphatidylglycerols, SMs: Sphingomyelins, Cers:

Ceramides, DGs: Diacylglycerols, TGs: Triacylglycerols, CEs: Cholesteryl esters).
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Figure 5.2. BPC (A) and heatmap of mobility space (B) of plasma lipid extract acquired in negative
mode (LPCs: Lysophophatidylcholines, LPEs: Lysophosphatidylethanolamines, LPIs: Lysophosphaty-
dilinositols, PCs: Phosphatidylcholines, PEs: Phosphatidylethanolamines, Pls: Phosphatidylinositols,

PSs: Phosphatidylserines, SMs: Sphingomyelins, Cers: Ceramides).

The chromatographic performance was evaluated by using a mixture of deuterated standards
which showed peak capacity value equal to 66.85 (supplementary figure S4.2) with very high
run-to-run retention time and cross collision reproducibility across replicate injections for 27

hours (figure 5.3).
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Figure 5.3. Retention time (A) and cross collisional section values (B) variation of lipid subclasses

over 27 h experiment. Median values are reported.

Thus, the Evosep One-TIMS-qTOF technology allowed, after strict filtering parameters (re-
ferring to retention time, peak shape, MS and MS/MS spectra, CCS values, carry over effect,
incidence of missing values) the identification of 435 unique lipids from starting material of 1
uL plasma and by injecting 0.04 puL of plasma lipid extract into the column. The number of
identified lipids covers a total of 15 lipid subclasses. A comparative analysis between Evosep
One and the conventional nano-LC system led to the identification of only 11 lipids less in the
Evosep One, as shown in the figure 5.4 A, but with a consistent gain in time (figure 5.4 B).

Furthermore, data analysis showed high accuracy (90.6 % of the lipids had an error less than
+ 2 ppm) and highly confident identification with a median MS/MS score of 772.5 by using
both the rule based approach (Bruker) and LipidBlast spectral library from MS-DIAL, as shown

in the figure 5.4 C, D.
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Figure 5.4. (4) Comparison of unique identified lipids and (B) total acquisition time between Evosep
One (blue) and nanoLC (pink) system. Frequency distribution of ppm errvor (C) and MS/MS score (D)

of 435 lipids annotated with Evosep One.

5.3.2. Evotips loading protocol

In order to develop the methodology, it was first of all necessary to optimize an adequate
lipidomics Evotips activation protocol, since these tip-shaped trap columns contain a C18 sta-
tionary phase disk which needs to be properly handled and activated before coming in contact
with the lipid extract. Evotips activation protocols is described in table 5.1. All the reported
steps are repeated twice. At the end, 40 puL of water are added on top of the tips to prevent

Evotips from drying out. This workflow, developed after testing several buffers and
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experimental conditions, made possible to achieve a fair compromise between artifacts, often

faced in lipidomic field, and binding capacity of the lipid extract to the C18 disk contained into

the tip.

Table 5.1. Lipidomics Evotips sample loading protocol.

Evotips C18 disk pore size: 100 A

WASH tips with 20 uL of isopropanol plus 0.1 % formic acid (v/v)
CONDITION tips soaking them in isopropanol
EQUILIBRATE tips with 20 uL of water plus 0.1 % formic acid (v/v)
LOAD 20 puL of lipids extract using 1200 g centrifugal force

WET with 40 puL of water plus 0.1 % formic acid (v/v)

Furthermore, to test the binding capacity of the C18 disks and of the optimized loading pro-
tocol we injected different concentration of the mixture of the labeled lipids. The result con-

firmed an excellent linear (R?>=0.99) increase to signal intensity (figure 5.5).
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Figure 5.5. Linear correlation between signal intensity and decreasing amount of deuterated standard

mix.
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5.3.3. Sample stability and carry-over effect

Our results indicate that loading minimal (0.04 pL) sample amounts in the Evotips was very
reproducible and greatly facilitated by binding the lipids to the Evotip solid phase material be-
fore injection, while keeping samples stable over extended periods of time at room temperature.
During the course of a 27-hour experiment the sample remained stable as shown from the BPCs
(figure 5.6). Additional evidences for that are demonstrated from the total intensity of unique
annotated lipids over 27 h that had fold change ranging from 0.94 to 1.17 (supplemental figure
S4.3). Coherently, high values of correlation were obtained plotting lipids intensities at “time

0 h versus 8 h” and “time 0 h versus 24 h” (figure 5.7).
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Figure 5.6. Overlapped base peak chromatograms (BPC) of plasma sample extract acquired at differ-

ent time points (Time 0, green; 8 h, purple; 16 h, yellow; 24 h, red).
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Figure 5.7. Pearson’s coefficient of correlation between a plasma sample acquired at time 0 versus

one acquired after 8 h (left) and 24 h (right).

Subsequently, in order to clarify whether there may be a degradation of a certain lipid class,
we investigated their behavior over time per class. The results, once again, did not show sub-
stantial alterations to the intensity of both internal standards (supplementary figure S4.4) or
endogenous lipids (figure 5.8 A, B), with a fold change ranging from 0.97 to 1.05 and from

0.93 to 0.99 for positive and negative ionization, respectively.
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Figure 5.8. Summed intensities variations over 27 h experiment of lipid subclasses in positive (A) and

negative (B) mode acquired with Evosep One system and a classic nLC system (C) operating in ESI.

As next step, we compared these findings with the results coming from the equivalent ex-
periment carried out with a classic nano-LC system, equipped with a refrigerated (+ 4°C) au-
tosampler. The data revealed a clear degradation (figure 5.8 C) of the solubilized lipid extract
stored in the autosampler starting from the thirteenth hour, and on, from the moment when the
sample was dissolved and prepared for the LC-MS injection.

Disposable trap-column injecting technology combined with appropriate and extensive wash
condition demonstrated a sample-to-sample carryover for the most abundant molecules of every

lipid class less than 2% (figure 5.9 A, B; supplementary figure S4.5). Remarkably, the
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carryover of one plasma injection remained to the same level after five and nine consecutive

plasma injections (figure 5.9 C).
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Figure 5.9. Sample-to-sample carry over in positive (A) and negative (B) mode; system carryover af-
ter multiple replicates of plasma lipid extract in positive mode (C). The summed intensities of 5 (red)

and 10 (green) most abundant lipids per each lipid class are used for carry-over considerations.

5.3.4. Trapped ion mobility spectrometry (TIMS) advantages

The PASEF technology offers the opportunity to reduce analysis time without compromis-
ing sensitivity and thus lipid coverage. Indeed, working with an additional dimension of sepa-
ration, TIMS is able to manage a possible increase in the number of co-eluted lipids. This is the

case of PC O-32:4 and PE 36:2, which as evident from the EICs completely coelute at 15.02
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min. Instead, although these two lipids differ by only 0.036 Da, they are nicely separated in the

mobility dimension (figure 5.10 A, B).
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Figure 5.10. The upper panel shows EIC traces of PC 0-34:2 (black) and PE 36:2 (red) while lower

panel shows their separation in the mobility dimension.

Indeed, it is possible to observe two peaks, through the EIMs (extracted ion mobilograms),
completely resolved at the base line thanks to different mobility values that translate in different
cross collision section values. This results in distinct and clear fragmentation spectra which
increase the degree of confidence of the identifications process. In detail, we can observe the
typical neutral loss of 141 Da for phosphoethanolamines and the head group fragment at 184

m/z for phosphocholines (figure 5.11).

108



Chapter V: Pre-formed gradient for high throughput and robust nanoflow lipidomics with
trapped ion mobility and PASEF.

Intens.
xiot
Lo
- ccs (A
2844
06
ccs (A2)
277.6
04
02
(1]
[ 10 12 14 16 Mobility, 1/K0 [V-s/om?]
Inens. ™ “PASEF(T4A SA48). 36 6eV, 15 Orvi, L/K7=1 373110.0179, 42058314
x08 wasan
z PE (NL. -141)
1 1
0 373677 2§36 Jdsan
x10% +PASEF()4A.5808), 3.1V, 14.9ee, 1/KP+1.400540.0178, #8269
20 1aone
’; PC(m/z 184)
L
7445008
:; 502.3192 L
200 400 600 800 1000 1200 1400 wr

Figure 5.11. The panel above shows the EIMs of PC O-34:2 (black) and PE 36:2 (red). The panel be-

low shows their respectively (PC O-34:2, black; PE 36:2, red) clear MS/MS spectra.

5.4. Discussion

Our main focus was to develop and establish an innovative LC methodology starting from
minimal sample amount of biological sample and apply a lipidomics innovative workflow able
to generate dataset that could be, subsequently, integrated and interpretated in the context of

19201 ‘Starting from 1 pL of human plasma, lipids were extracted based on

biological network
MeOH/MTBE protocol. Crude extracts were then injected with the Evosep One system and
eluted with a 28 min gradient. The high nano-flow performance was evaluated coupling it to
TimsTOF Pro that operated in both ionization mode. Focusing on the conventional lipidomics
nano-chromatography we observed that we were facing two main limitations. First, the equili-
bration, loading and washing steps in the classic nano-LC are time consuming ?!! and so sig-
nificantly increase the analysis time per sample. Secondly, in lipidomics, it is commonly faced

difficulty to keep the samples stables over times in terms of ion intensity and detected mole-

cules, due to the high volatile solvents necessary to dissolve lipids’ extract. Indeed, we observe
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a 35.1 % decrease in the total intensity coming from the annotated lipids after 14 h of waiting
time in the autosampler, while this reduction becomes even higher (45.2 %) after 17 hours.
Since our objective was the application in clinical studies, we tried to improve these limitations
by turning into a novel LC concept never used, to date, in lipidomics.

The novel LC system is called Evosep One and has mainly been designed for proteomic
clinical use %!, Thus, we tested and adapted it for typical lipidomics buffers >3] and high back-
pressure levels. In more details, at first the sample is loaded to a disposable tip with a trap C18
stationary phase, namely Evotip, and positioned in a box on the tray of the autosampler. The
manipulator with its ceramic needle picks up the Evotip from the box, that stays at room tem-
perature, and positions it for the injection in line with the solvent flow path. At this point, two
low pressure pumps (A and B) form a primary gradient that flows through the Evotip and elutes
the analytes of interest. In order to lower the organic content of this gradient, such the analytes
are initially retained on the analytical column, an offset gradient with the embedded analytes 1s
formed by using pumps C and D. Then, analytes are moved into the storage loop and the system
switches the loop in line with the high-pressure pump where the main gradient has been already
formed and stored. Finally, the HP pump pushes the sample and gradient toward the analytical
column. It has to be emphasized, as well described by Bache et al '), that Evosep platform is
based on two separate sub-systems. A low-pressure system (15- 30 bar) formed by pumps A,
B, C, D and a high-pressure system based on the HP pump and they are in communication only
through the storage loop. Considering that all the steps which lead to the formation of the gra-
dient are carried out at low pressures, this novel LC concept ensures higher robustness and a
lower risk of leaks if compared to the classical nano-LCs. Furthermore, with the developed
technology the Evosep One system can reduce the overhead time to less than 5 minutes between

injections increasing the number of potentially samples analyzed per day.
110



Chapter V: Pre-formed gradient for high throughput and robust nanoflow lipidomics with
trapped ion mobility and PASEF.

To evaluate Evosep One in lipidomics we considered the following aspect: chromatographic
performance, retention time behavior of lipids classes, reproducibility of retention times, sam-
ple stability, carry over effect and finally a comparison of the number of the identified lipids
between nano-LC and Evosep One system. In that way, in this study we designed an experiment
loading lipid extract on 27 Evotips that upon activation were sequentially acquired for a time
period of 27 hours with a flow rate of 1 pl/min applied to 8 cm RP column and hyphenated to
Timstof-Pro, where PASEF method was activated. Starting from BPCs of our plasma runs we
observed that the behavior of each lipid class follows the expected elution sequence and reten-
tion time range as indicated from other studies ?*?*], remarkable lipids present nice forms and
sharp peaks with a nice peak capacity. Since we observed high efficiency, an important indica-
tor to evaluate the current setup is the retention time reproducibility. This is already known to
be very good in proteomic experiment [’ however the different chemistry of the molecules
together with the fact that we are using mixed solvent in our buffers that are high volatile create
the need to evaluate the retention time reproducibility. We achieve prior to alignment, a median
coefficient of variation retention time of 0.61 % over the 27 h experiment. An additional aspect
that we evaluated is the stability of the sample across time when lipids are bound to the solid
phase material at a room temperature. The 27 hours dataset has been split into 7 small subsets
where each subset comprises 3 hours injection and, in that way, consecutive time period from
0 to 3 hours, 3 to 6 hours and so on, have been defined. The total intensity of unique lipids
within each time period has been investigated. It is remarkable that the summed intensities are
high comparable across the 27 h experiment for both the ionization modes. As a next step, in
order to discard the hypothesis that a potential degradation of a lipid category might be com-
pensated by an increase of another lipid class, we investigated the total intensity of each distinct

lipid category. It is noteworthy that the intensities within each category are highly reproducible
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across the 7 subsets and at the same time comparable with the initial time point. These findings
strongly indicate that samples remain stable when bounded to the solid phase material and cold
conditions are not necessary to keep them alive upon these binding. Additionally, we exani-
mated the capability of both the developed Evotip sample loading protocol and nano-LC system
to handle the carry-over effect, that is well known to affect all the HPLC or nano-LC in lip-
idomics such as in proteomics -*]. In this regard, we performed additional experiments eval-
uating the 5 and 10 most abundant lipids per each lipid class not only in the common sequence
plasma/blank, but also considering the carry-over after replicates of plasma injections. Alter-
nating plasma to blanks runs we obtained average carry-over values of 1.24 % and 1.30 % for,
respectively, 5 and 10 most abundant lipids. Interestingly, the carry-over values for the 5 and
10 most intense lipids slightly increase to 1.63 % and 1.35 % after nine replicates. Together
these results suggest that Evosep One system is able to increase the number of real biological
samples acquired in one day without compromising either quality of quantification or accuracy
in lipids measurements. Finally, an important comparison to take into account is the number of
identified lipids in human plasma between the two LC systems. Both setups achieved similar
total number of unique identified lipids and the 83 % of them were common between the two
platforms. Evaluating further the number of identified lipids per lipid categoric we observed a
decrease (26 %) in the sphingolipids while at the same diacylglycerols were increased (20 %).

Another major challenge in lipidomics is the large number of isobaric or near-isobaric spe-
cies [?7). TIMS alleviates this problem by separating co-eluting lipids as a function of their col-
lisional cross section, which is particularly advantageous for short gradients. Moreover, switch-
ing the quadrupole isolation windows rapidly within a single TIMS scan in PASEF mode ¥
characterizes the vast majority of detected isotope patterns via MS/MS.

5.5. Materials and method
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5.5.1. Chemicals and reagents

LC-MS-grade Water (H2O) acetonitrile (ACN), methanol (CH3OH), ethanol (EtOH),
MTBE metyl-tert-butyl-ether (MTBE), isopropanol (IPA), 1-butanol (BuOH), additives formic
acid (HCOOH) and ammonium formate (HCOONH4) were all purchased from Sigma-Aldrich
(St. Louis, MO). 15:0-18:1-d7-PC, 18:1-d7 Lyso PC, 18:1-d7 Lyso PE, 15:0-18:1-d7-PE, 18:1
SM (d18:1/18:1)-d9, 15:0-18:1-d7 DG, 15:0-18:1-d7-15:0 TG, 18:1 Chol (D7) ester, 15:0-18:1-
d7-PI, 15:0-18:1-d7-PG and C18 Ceramide d17:1/18:0 were purchased by Avanti Polar Lipids
(Alabaster, AL, U.S.A).

5.5.2. Lipid extraction

Lipids were extracted following Matyash 2! protocol with slight modifications. Briefly,
1 uL of plasma NIST SRM 1950 (Sigma Aldrich) was thawed on ice and added to 200 pL of
iced MeOH containing an internal standard mixture, vortexed and additionated with 800 puL of
MTBE. The obtained solution was incubated for 6 min at 4 °C and, after the addition of 200 pL
of H>O, centrifuged for 10 minutes at 4°C and 10000 g. The upper layer was carefully collected
and evaporated with a speed-vacuum (Eppendorf, Hamburg, Germany). Lipids extracts were
dissolved in 500 uL of BuOH/IPA/ H20 (8/23/69 v/v) and 20 pL loaded on Evotips as described
in paragraph 5.3.2.

5.5.3. nLC—MS/MS analysis

LC-MS instrumentation consisted of an Evosep One (Evosep Byosistem) coupled to Tims-
TOF Pro (Bruker Daltonics, Bremen, Germany) via a modified nano-electrospray ion source
(Captive Spray, Bruker Daltonics). Lipids were separated on a Pepsep C18 column 8 cm x 150
um ID x1.5um with a column oven temperature of 65°C. Mobile phases were: A) ACN/H,0
5/95 (v/v) and B) IPA/ACN 90/10 (v/v) both buffered with 10 mM HCOONH4 + 0.1%

HCOOH. The employed gradient is illustrated in figure 5.12.
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Figure 5.12. LC gradient composition.

For nano chromatography comparison ['®) an Easy-nLC 1200 (Thermo Fisher Scientific)
with an in-house reverse phase column (20 cm x 75 um 1.d.) with a pulled emitter tip, packed
with 1.9 pm C18 material was used (Dr. Maisch, Ammerbuch-Entringen, Germany); mobile
phases were: A) ACN/H0 60/40 (v/v) and B) IPA/ACN 90/10 both buffered with 10 mM
HCOONH4 + 0.1 % HCOOH. The column oven was set at 65°C, the injection volume was 1
uL for positive mode and 2 pL for negative mode. The following gradient was employed: 1 to
30% within 3 min, then to 51% within 4 min, and then every 5 min to 61, 71 and 99%, where
it was kept for 5 min and 3 minutes at 1% for column re-equilibration. Both LCs instruments
were coupled to a TimsTOF Pro working in both positive and negative mode and with parallel

accumulation serial fragmentation (PASEF) on. Lipids were acquired in the range 50/1550 m/z
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and the mobility was scanned from 0.6 to 1.95 Vs/cm?. Precursors for data dependent acquisi-
tion were fragmented with an ion mobility dependent collision ranging from 25 to 45 eV and
from 35 to 55 eV, respectively, for positive and negative mode. Ion charge control was set to
7.5 Mio. Method consists of one TIMS/MS scan and three PASEF MS/MS scan with an acqui-
sition cycle of 0.4 s. Instrument was calibrated using the following ions from Agilent ESI
LC/MS Tuning MIX [m/z, 1/Ko: (322.0481, 0.7318 Vs cm2), (622.0289, 0.9848 Vs cm ),
(922.0097, 1.1895 Vs cm2), (1221,9906, 1.3820 Vs cm 2)] in positive mode and [m/z, 1/Ko:
(666.01879, 1.0371 Vs cm2), (965.9996, 1.2255 Vs cm2), (1265.9809, 1.3785 Vs cm 2)] in
negative mode.

5.5.4. Data processing

Raw files were analyzed with Metaboscape 2021 (Bruker Daltonics) with a 4D algorithm
(T-Rex 4D) that automatically extracts features from 4D space (retention time, m/z, intensity
and ion mobility).

The mass was online recalibrated with lock masses m/z 622.028960 (positive mode) and m/z
666.019887 (negative mode) and the ion mobility dimension was recalibrated using the ions of
the tuning mix as above. Feature detection was performed using an intensity threshold of 3000
counts in positive mode and 1000 counts in the negative mode, with at least 100 data point in
the 4D TIMS space, or 50 when using recursive feature extraction. Lipids were annotated with
both a Rule based approach (Bruker) and a LipidBlast spectral library from MS-DIAL
(http://prime.psc.riken.jp/compms/msdial/main.html) setting the following parameters:
[M+H]" , [M+Na]*, [M+K]", [M+H-H20]" and [M+NH4]" ions in positive mode, while [M—
H] , [M+CI] , [M+ HCOO] and [M-H 0] for the negative. The initially annotated lipids
were filtered based on the retention time, the mass accuracy, the observed adduct, the mobility

value and the ms/ms fragmentation profile following the guidelines reported by Lipidomic
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Standard initiative (LSI) (https://lipidomics-standards-initiative.org/guidelines/lipid-species-

identification/general-rules), and following theoretical carbon number (TCN) rule and correla-

tion between m/z and CCS values. Lipids were reported with a short or long name according to
the information coming from the MS/MS spectra. Note that snl/sn2/sn3 chain assignments,
positions of the double bonds, as well as cis/trans isomers are not evident from our data and
therefore not annotated.

5.5.5. Method validation

Instrument repeatability was evaluated monitoring retention times, intensities and cross col-
lision section values of both endogenous lipids and deuterated internal standards over 27 h.
Plasma lipid extracts, once loaded on the Evotips, were placed on the sample tray (room tem-
perature) and acquired one after one, blanks were inserted in the batch and regularly injected.
Carry over effect was determined by injecting sequences of plasma — blank runs, or plasma
replicates (3 and 9) followed by blank run. Peak capacity was evaluated with the following

equation according to Neue equation B,

t
n.=1+ —2

Wawg
Where tq is the gradient run, wawg is the average peak width.
5.6. Conclusions
In conclusion, we have established a nanoflow TIMS-PASEF workflow that enables a highly
sensitive, comprehensive and in-depth analysis of lipidome starting from minimal sample
amounts (1ul blood plasma and 0.04 pl of lipid extract injected). Since we have observed that
nano-LC troubles could represent limitations in lipidomics workflow, we have introduced an
adapted and novel LC system in this work that merges the convenience and the robustness and
of high flow system with the sensitivity of the nanoflow. So far, our results point out the Evosep
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One as a high-throughput and reproducibility system for lipidomics, while the greatest ad-
vantage is that sample bounded on Evotips stay stable at room temperature for long time. This

concept has the potential to provide a highly sensitive platform for clinical applications.
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CHAPTER VI
Untargeted Lipidomics Analysis Reveals Specific Lipid Profiles in
Hospitalized Covid-19 patients predictive for Severity and Mortal-

ity Qutcome

Abstract

Covid-19 infection evokes various systemic alterations that push patients not only towards
severe acute respiratory syndrome, but causes an important metabolic dysregulation with fol-
lowing multi-organ alteration and potentially poor outcome. To discover novel potential bi-
omarkers able to predict disease’s severity and patient’s outcome, we applied untargeted lip-
idomics, by an ultra-high performance liquid chromatography-trapped ion mobility mass spec-
trometry platform (UHPLC-TIMS), on blood samples collected at hospital admission in an Ital-
1an cohort of Covid-19 patients (45 mild, 54 severe, 21 controls). In a subset of patients, we
also collected a second blood sample in correspondence of clinical phenotype modification
(longitudinal population). Plasma lipid profiles revealed that LPCs, LPC-Os and PC-O levels
were significantly modified in Covid-19 patients with respect to controls and able to discern
between mild and severe clinical phenotype. A machine learning model was built by using the
entire lipidomics dataset, yielding 70% accuracy for severity. Furthermore, using a panel of six
lipids, comparable results were obtained, predicting severity (AUC= 0.777, CI: 0.639-0.904)

and outcome (AUC= 0.789, CI: 0.658-0.910) considering death as final endpoint. Finally, re-
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building the model with 25 longitudinal (t1) samples, this resulted in 21 patients correctly clas-
sified. In conclusion, our study introduces a novel panel of lipid markers that could be used to
monitor the possible trajectory of Covid-19 patients at hospital admission in faster, targeted
approaches.

6.1. Introduction

The current pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is still delivering an enormous impact on health management globally. Indeed, the
scarce vaccination practice in countries with weaker health and economic systems makes
Covid-19 still a relevant health and social problem worldwide ['1. While roughly 80% of Covid-
19 patients show only mild symptoms, conditions can rapidly evolve to severe phenotype. The
pathophysiology of Covid-19 is indeed highly complex; beyond immune changes, metabolism
emerged as a critical regulator that is tightly bound to the host response and involved in the

2. Some patients with Covid-19 undergo an altered metabolic state,

disease's progression
known as “phenoconversion”, predictive of multi-organ alteration and poor outcome. Specifi-
cally, clinical deterioration in patients with Covid-19 involves multiple pathways, including
chemotaxis and interleukin production, but also endothelial dysfunction, the complement sys-
tem, and immunothrombosis. Indeed, unfavorable outcome in hospitalized Covid-19 patients
has been previously associated with changes in concentrations of 1L-6, IL-8, IL-10, soluble
Receptor for Advanced Glycation End Products (SRAGE), vascular cell adhesion molecule 1
(VCAM-1) and Pentraxin-3 [*]. Moreover, also lipids play various critical biological functions

in cellular barriers, signal transduction, material transport, energy storage, cell differentiation,

and apoptosis. SARS-CoV-2 can induce characteristic molecular changes detected in patients’
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(451 which also correlates with modifica-

sera using proteomic and metabolomic technologies
tion of the inflammatory profile of the COVID19 patients 6],

Therefore, omics sciences, such as metabolomics and lipidomics, can be instrumental in
identifying predictive biomarkers of severity and progression, monitoring the metabolic status
of individuals during the time and thus applied to evaluate the metabolic host response to
SARS-CoV-2 infection.

In this regard, lipids cover a crucial role in numerous metabolic processes, such as energy
management and storage, act as structure and membrane components, and are essential players
in cell signaling. They have also been found deeply dysregulated in other viral infections, like
Ebola virus disease (EVD) *7# Lipids are essential also in the life cycle of SARS-CoV-2,
which is an envelope virus surrounded by a lipid bilayer, furthermore, following infection, host
immune cells like macrophages show a change in lipid metabolism upon activation, which is
tightly connected to the immune response to pathogens '], Initial studies have in fact evidenced
that eicosanoids dysregulation, as well as lower serum HDL levels are connected with disease
severity and mortality rate ['':12], Therefore lipidomics, with its potential to identify and quantify
several lipid subclasses in a single analysis ['3] can be a useful tool for a better comprehension
of Covid-19 physiopathology and identification of novel therapeutic strategies.

In this regard, targeted [*!*! and untargeted mass spectrometry-based lipidomics studies ['>1¢]
have been carried out on different Covid-19 cohorts. All these studies, even if heterogeneous
and carried out with different technologies, evidenced a profound dysregulation in plasma lip-
idome of Covid-19 patients, such as increased sphingomyelins (SM) and reduced diacylglycerol

(DG) levels I, increased ceramides (Cer) and triglycerides (TG) ), and generally decreasing

glycerophospholipids % even with conflicting results 1. Overall, lipid biomarkers mirror the
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severity statuses, but their effective predictive potential has not been clearly identified. Thus,
we hypothesize that metabolic changes in Covid-19 patients are earlier than clinical changes
and, therefore, potentially exploitable for early prognostic assessment. In this study, to uncover
the lipid changes in the plasma of Covid-19 patients, we applied an untargeted lipidomics ap-
proach, by ultra-high-performance liquid chromatography coupled with trapped ion mobility
mass spectrometry (UHPLC-TIMS-MS)), in an Italian cohort of hospitalized Covid-19 patients.
We highlight a profound alteration of different lipid subclasses, particularly a significant and
progressive decrease of glycerophospholipids, already at the time of admission, and explored
the potential capability of a specific lipid subset to predict Covid-19 patients’ outcome.

6.2. Aim of the work

The work aimed to investigate the possible lipid alterations in the plasma of patients with a
different severity degree of SARS-CoV-2 through a statistical approach and the development
of a machine learning model. The study intended to identify a restricted pool of lipids that if
measured at the time of hospitalization it may be able not only to provide information about the
current condition of the patient, but also the possible outcome of subjects positive to Covid-19.

6.3. Results

6.3.1. Untargeted lipidomics analysis of Covid-19 plasma samples

Untargeted lipidomics analyses were conducted with an RP-UHPLC-TIMS/MS strategy
summarized in figure 6.1. System repeatability was assessed by a pooled QC strategy, which
closely clustered as can be observed from PCA score plot (supporting information figure
S5.1), while lipid annotations were performed following the lipidomic standard initiative guide-
lines (supporting information figure S5.2) (https://lipidomics-standards-initiative.org/). In

detail our initial workflow started from 994 annotations which were subjected to several filters:
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mass accuracy (Appm: max 5.0 ppm), collision section error values (ACCS: max 5 %), peak
shape, most probable adduct form, MS/MS spectral similarity score, RT and CCS values line-
arity, carryover, and CV <35 % in QCs. As a result, retention time reproducibility resulted in
a median CV value of 0.42 %, prior to the RT alignment, while average MS/MS score, Appm
and ACCS were respectively: 914.60 MS/MS score, 0.60 Appm, 1.30% ACCS (supporting
information figure S5.2). After further manual curation, 348 unique lipids belonging to 16
subclasses (supporting information figure S5.3) were annotated with high confidence (sup-
porting information table S5.1). Notably, 91.67 % of the annotations were in common be-
tween rule based and spectral library approaches, moreover the implementation of trapped ion
mobility ensured further confidence in lipid annotation, by comparison of experimental CCS

values with those reported in libraries.

Sample preparation / Data acquisition \ / Data analysis \

Experimental

| MS/MS spectrum
| .
i - o
| - v

21Covid(-) 45 Mild 54 Severe — MS/MS spectrum

. | MS/MS score,yg: 914.60

=~ \ Bpysppm: 0.60

J V B,yCCS%: 1.30%
1P RP-UHPLC-TIMS/MS MS/MS SPECTRAL LIBRARY
e ESI(+), ESI(-) RULE-BASED ANNOTATION, RT AND CCS LINEARITY

PASEF-DDA MAIN ADDUCTS, MANUAL CURATION
PLASMA EXTRACTION (MeOH/MTBE/H,0) + SAMPLE RANDOMIZATION, POOLED QCs BLANK FILTERING
1.5 MIX ADDICTION CV% = <12% 348 UNIQUE LIPID ANNOTATIONS

Figure 6.1. Workflow of the untargeted lipidomics approach: 120 plasma samples were extracted and
analyzed by RP-UHPLC-TIMS/MS, repeatability was assessed by a pooled QC strategy, lipid annota-
tion was performed by spectral library comparison, rule-based annotation, retention time and cross

collisional section linearity.
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6.3.2. Clinical features of Covid-19 patients

In our cohort, no significant differences in baseline characteristics were identified at admis-
sion between mild and severe patients. We found a slight prevalence of female patients with no
difference of age between mild and severe phenotype. For all the comorbidities analyzed we
did not detect a significant difference between the two groups. Furthermore, we subdivided
Mild and Severe groups into “survivors” and “non-survivors” considering death as final end-
point. The demographic and comorbidities information are summarized in table 6.1. In the Mild
group no demographic and prevalence comorbidities differences were found between “survi-
vors" and “non-survivors” except for valvular disease and peripheral arterial disease (PAD), (1
patient in “non-survivor” group). The same observation was for the Severe group except for the

presence of PAD (1 patient in the “survivor” group). Data are reported in tables 6.2 and 6.3.
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Table 6.1. Clinical characteristics of Covid-19 patients subdivided by phenotype at admission;, CAD:
coronary artery diseases, HF: heart failure; PAD: peripheral artery disease; CKD: chronic kidney

disease; COPD: Chronic obstructive pulmonary disease.

COVID (+)

Mild (45) Severe (54) p value
Sex F 23 (51.1%) M 22 (48.9%) F 38 (70.4%) M 16 (29.6%) 0.05
Age 6791 +17.22 67.85+11.62 0.984
CAD 7 (15.6%) 12 (22.2%) 0.475
HF 4 (8.9%) 2 (3.7%) 0.068
Obesity 4 (8.9%) 12 (22.2%) 0.905
Atrial Fibrillation 6 (13.3%) 5(9.3%) 0.124
Valvular disease 1 (2.2%) 2 (3.7%) 0.863
PAD 1 (2.2%) 1 (1.9%) 0.490
Dyslipidemia 6 (13.3%) 8 (14.8%) 0.280
Diabetes mellitus 14 (31.1%) 17 (31.5%) 0.119
Arterial hypertension 26 (57.8%) 32 (59.3%) 0.093
CKD 7 (15.6%) 7 (13.0%) 0.513
Smoking 3 (6.7%) 7 (13.0%) 0.597
COPD 10 (22.2%) 9 (13.7%) 0.062
Autoimmune Disease 1 (2.2%) 4 (7.4%) 0.738
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Table 6.2. Subdivision of Covid-19 Mild patients by outcome in “survivors” and “non-survivors”;
CAD: coronary artery diseases;, HF: heart failure; PAD: peripheral artery disease; CKD: chronic

kidney disease; COPD: Chronic obstructive pulmonary disease.

Mild “survivors” (37) Mild “not survivors” (8) p value
Sex F 19 (51%) M 18 (49%) F 3 (37.5%) M 5 (62.5%) 0.489
Age 65.24 +17.33 80.25 £10.37 0.024
CAD 5(13.5%) 2 (25.0%) 0.307
HF 3 (8.1%) 1 (12.5%) 0.637
Obesity 4 (10.8%) - 0.317
Atrial Fibrillation 4 (10.8%) 2 (25.0%) 0.355
Valvular disease - 1 (12.5%) 0.040
PAD - 1 (12.5%) 0.008
Dyslipidemia 4 (10.8%) 2 (25.0%) 0.201
Diabetes mellitus 12 (32.4%) 2 (25.0%) 0.835
Arterial hypertension 22 (59.5%) 4 (50.0%) 0.364
CKD 4 (10.8%) 3 (37.5%) 0.195
Smoking 1 (2.7%) 2 (25.0%) 0.006
COPD 6 (16.2%) 4 (50.0%) 0.014
Autoimmune disease 1 (2.7%) 2 (25.0%) 0.700
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Table 6.3. Subdivision of Covid-19 Severe patients by outcome in “survivors” and “‘non-survivors”;
CAD: coronary artery diseases;, HF: heart failure; PAD: peripheral artery disease; CKD: chronic
kidney disease; COPD: Chronic obstructive pulmonary disease.

Severe “survivors” (20) Severe “not survivors” (34) p value
Sex F 6 (30%) M 14 (70%) F 10 (29%) M 24 (71%) 0.964
Age 65.00 £ 14.40 69.53 +9.47 0.169
CAD 5(25.0%) 7 (20.6%) 0.673
HF 1 (5.0%) 1 (2.9%) 0.684
Obesity 6 (30.0%) 6 (17.6%) 0.196
Atrial Fibrillation 1 (5.0%) 4 (11.8%) 0.416
Valvular disease 1 (5.0%) 1(2.9%) 0.662
PAD 1 (5.0%) - 0.187
Dyslipidemia 5(25.0%) 3 (8.8%) 0.108
Diabetes mellitus 4 (20.0%) 13 (38.2%) 0.277
Arterial hypertension 12 (60.0%) 20 (58.8%) 1.000
CKD 3 (15.0%) 4 (11.8%) 0.480
Smoking 6 (30.0%) 1(2.9%) 0.090
COPD 3 (15.0%) 6 (17.6%) 0.776
Autoimmune disease 1 (5.0%) 3 (8.8%) 0.642

6.3.3. Differential lipidomic signature discerns between Covid-19 phenotypes

For lipidomic analysis, exploratory analysis was performed by unsupervised principal com-
ponent analysis (PCA) which showed that the first 24 components explained the 95% of total
variance (supporting information figure S5.1). To visualize classes separation supervised par-
tial least square discriminant analysis (PLS-DA) was used. As shown in figure 6.2 A,B PLS-
DA score plots clearly differentiated the healthy controls Covid-19 (—) from Covid-19 (+) pa-
tients, while in the context of Covid-19 group, the PLS-DA score could still discriminate be-
tween mild and severe phenotypes. The lipid features that contributed to the class separation

and discrimination between the three groups were reported according to their variable of
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importance in projection (VIP) scores, extracted by PLS-DA. The 15 highest scoring VIP lipids
(VIP score > 1.8) are shown in figure 6.2 C. Interestingly 9/15 lipids were lysophosphatidyl-
cholines, in particular: six LPCs (LPC 20:1, LPC 18:0, LPC 20:2, LPC 17:0, LPC 16:0, LPC
18:1) three ether-linked LPCs (LPC O-16:0, LPC O-18:1, LPC O-16:1), two ether-linked phos-
phatidylcholines (PC O-34:3, isomers), whose levels were all lower in Covid-19 patients. The
remaining four lipids were TGs (TG 18:1 18:2 22:6, TG 18:1 18:1 22:6, TG 16:0 18:1 22:5,
TG 16:0 20:4 22:6) which, inversely, display upregulation in COVID-19 patients. We next
performed univariate comparison on the internal standard normalized, log transformed and auto
scaled dataset. A total of 191 out of 348 lipids were found significantly modulated (p < 0.01,
FDR: 0.01%, complete results are reported in supporting information table S5.2) across the
different classes. Noteworthy, ANOVA and significance analysis of metabolomics (SAM, sup-
porting information table S5.3) shared six metabolites which were top listed as significant in
all compared conditions namely: LPC 20:1, LPC O-16:0, LPC O-18:1, LPC 18:0, PC 0-34:3
and LPC O-16:1. The heatmap, based on the top 50 lipid features (figure 6.2 D, p-value <
0.001), evidences the lipidome signature that discriminates the Covid (-) and the two different
severity status. In particular, a progressive decrease of LPCs, LPC-Os, PC-Os and PCs, together
with HexCers (HexCer 18:1;20/22:0, HexCer 18:1;20/24:0) and SMs (SM 39:1, SM 30:1, SM
42:1) can be observed from mild to severe status. Contrariwise, severe status is characterized
by an increase in overall TGs, PEs (PE 18:0 22:6, PE 16:0 22:6, PE 16:0 18:1, PE 18:2 16:0,

PE 16:1 _22:5, PE 16:0_20:4) Cer (Cer 18:1;20/24:1) and DG (DG 18:1_20:4) levels
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Figure 6.2. 2D (4) and 3D (B) PLS-DA model score plot showing the discrimination of different classes: Covid (—): red, Mild: green, Severe: blue. (C) The 15
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based on the univariate statistical analysis (ANOVA, p-value < 0.001, FDR < 0.01 %), the colors reflect the normalized lipid concentration.
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6.3.4. Lipidome signature predicts Covid-19 severity and outcome

The different lipid patterns between the control and Covid-19 group and, in particular, their
progression along the phenotypes (from mild to severe) suggests that the lipidome signature
measured at hospital admission could reflect the progression of disease and outcome. Therefore,
to unveil the predictive potential of the discovered lipidome signature, we built a Random For-
est (RF) machine learning (ML) model. The entire dataset was randomly divided into a training
set, which was used to optimize and train the model, and a test set, to evaluate the model per-
formance, which was assessed by area under curve (AUC) values of Receiver Operating Char-
acteristic (ROC) curve. The model was trained on the complete annotated lipidome dataset (348
lipid features), by using repeated random subsampling cross validation (CV) (repeats = 100),
the significance of the model’s fit was computed using a permutation test with n=1000 obtain-
ing a p-value of 0.005. The model reached AUC values of 0.751 (95% CI: 0.599-0.887) for
severity and 0.815 (95% CI: 0.662-0.944) for outcome respectively; the ROC curves are re-

ported in figure 6.3 A, B.
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Figure 6.3. ROC curves for severity (A) and outcome (B) obtained with the predictive model (RF) on

the complete lipidome signature.

The measurement of a large number of metabolites is challenging for potential fast clinical
applications, which on the other hand would be easier with a reduced panel of the highest pre-
dictive compounds. Therefore, we aimed to evaluate which lipids could accurately discriminate
mild from severe conditions, among the 90 unique lipids that contributed to the model. Hence
after a rank aggregation based on the previous models, a final panel of six lipids was built, and
their ROC curves are reported in figure 6.4. The panel was composed by: LPC O-18:1 (AUC:
0.858, SE: 80%, SP: 81%), LPC O-16:1 (AUC: 0.855, SE: 86%, SP: 75%), LPC O-16:0 (AUC:
0.865, SE: 75%, SP: 90%), PC O-34:3 (AUC: 0.846, SE 80%, SP: 80%), LPC 20:1 (AUC:

0.815, SE: 7815, SP:75%), LPC 18:0 (AUC: 0.800, SE: 65%, SP: 75%), p-value < 0.001.
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Figure 6.4. ROC curves with the optimal cutoff calculated for each ROC analysis of the restricted lipid

panel composed by LPC O-18:1, LPC O-16:1, LPC 0-16:0, PC 0-34:3, LPC 20:1, LPC 18:0.

By using this restricted panel of lipids, the RF results highlighted a comparable predictive
potential, with similar AUC values to the model built on the complete lipid profile, for severity
(AUC= 0.777, 95% CI: 0.639-0.904, figure 6.5) and outcome (AUC= 0.789, 95% CI: 0.658-
0.910, figure 6.6) respectively. These results are in line to other studies in which metabolomics

(17181 'The models per-

have been used to identify metabolites associated to the severity status
formances in cross validation for both analyses are comparable. In terms of accuracy and MCC,
severity and outcome RF models achieved both 75% and ~0.50. Sensitivity and specificity are

73% and 78% for the mild class while for the survivor class are 69% and 81% respectively.

Applying the model to the external test set the severity is predicted with accuracy of 70% and
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0.41 MCC. The sensitivity of mild class prediction is 88% and specificity is 50%. While for the
outcome model, the test set is predicted with accuracy of 67% and MCC of 0.32; sensitivity
and specificity were 71% and 62% respectively for the survivor class. Accordingly, LPCs, LPC-
Os and PC-O levels were significantly lower in the mild group with respect to severe (figure
6.5). The evaluation of the same lipids’ panel in the subdivision of patients into survivors and
non-survivors revealed the predictive potential of these molecules, which appeared substan-
tially reduced in the non-survivor group (figure 6.6) as compared both to healthy subjects and

SUrvivors.
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Figure 6.5. ROC curves for severity obtained with the predictive model (RF) on the reduced lipid panel composed by LPC O-18:1, PC 0-34:3, LPC 20:1, LPC O-
16:1, LPC 18:0, LPC O-16:0 and comparison of normalized intensity of the selected lipid panel in Mild (blue) and Severe (red) patients. Results are expressed as

mean = SD. Unpaired t-test was performed (***: p=0.0001; ****: p < 0.0001).

138



Chapter VI: Untargeted lipidomics analysis reveals specific lipid profiles in hospitalized Covid-19 patients predictive for severity and mortality.

=
- 2 _— 2 T 2 o
] — : . -
2 . = .
R A g ot s T Cesee .
. . 15§ 3 55| Soswwes et
- o £ 01 esst SEO e o0 LS i
- ; *oy ae® ; . . o' ; -:300
O s 4 ] 00 oo ® . e
—_ [ [ ] e .. a N 1 ..0 ol 8 e Q N L) ."'Oh
3 -3 o8 :: o -3 ¢ 53 ® “‘ﬁrﬁ::
;s o X, ¥ :
o ] z . = 2 4
g 3 3 v 3
] Area under the curve (AUC) = 0.787 Survivers Nen-Survivors Survivors Nen-Survivors
< 95% O1: 06590903
2- 24 24 e
Z 1 1 oo .o £1 LA ¢
5é 25, sdespns BSOS N I
SE O SE® St 3EY 8 M DI AT
g — Ovo 0w Yy i 0...‘.__:.‘..' omv .'}3 .:
05 4 2 E A4 .... o,.,.‘_.:,oo 05 1 ... L] Sos d e
%3 - reiertt a3 . S
E E. L E o %
24 2 . 2 .
] o * S . A
o z z z @
c 3 . . 3 T r -3 T r
T T T T T Y Survivors Non-Survivors Survivers Nen-Survivers Survivors Non-Survivors

00 02 04 06 08 10
1-Specificity (False positive rate)

Figure 6.6. ROC curves for outcome obtained with the predictive model (RF) on the reduced lipid panel composed by LPC O-18:1, PC 0-34:3, LPC 20:1, LPC O-
16:1, LPC 18:0, LPC O-16:0 and comparison of normalized intensity of the selected lipid panel in survivor (blues) compared to non-survivor patients (red). Results

are expressed as mean = SD. Unpaired t-test was performed (***: p= 0.0001; ****: p < 0.0001).
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Moreover, the LPCs, LPC-Os and PC-O levels in survivor and non-survivor have been eval-
uated for each phenotype (Mild and Severe). Again, in the severe group, their levels were con-
sistently lower in non-survivor as compared to survivors (supporting information figure
S5.5). The identified lipid panel could be used not only at tO but over the course of the disease.
In fact, re-building the model with the 25 longitudinal (t1) patients, 21 were correctly classified
for their outcome, survivors and non survivors, showing the ability of the lipid panel in high-

lighting the dynamic changes of disease (figure 5.7).
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Figure 6.7. Confusion matrix representing the performance of the model applied to 25 longitudinal
(t1) Covid-19 patients. Samples classified into the wrong group were labeled (S: survivors, NS: non-

SUrvivors).

Several conditions and demographic factors, such as age and comorbidities, predispose to a
severe Covid-19 phenotype or even fatal outcome ['°!. As indicated in tables 6.1-6.3, sex and

age represent the only demographic factors within our patient cohort that resulted statistically
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significant between mild and severe groups. Thus, we performed a new co-variate using linear
models. As reported in the supporting information figure S5.6, this analysis revealed that, in-
dependently by age, the LPCs, LPC-Os and PC-O package reduction remain significantly as-
sociated with the outcome in males in the severe non-survivor group. This result is in agreement
with the previous observation 2%, Moreover, the top features for the ML model remain un-
changed regardless of patient demographic and reflected the severity and outcome trend (sup-
porting information figure S5.7).

6.4. Discussion

Covid-19 evolves rapidly and dramatically, so the identification of early markers capable of
predicting the patient's trajectory is essential. The target of our study was to identify a potential
lipidomic signature that could mirror the severity and predict the short-term mortality of Covid-
19 disease at the time of hospitalization, by using untargeted lipidomics, through the employ-
ment of a UHPLC-TIMS-MS approach which adds further confidence to lipid annotation 211,
We found that, among the different lipid classes, glycerophospholipids were the most discrimi-
nant between mild and severe conditions as well as with respect to non-Covid-19 patients; in
particular several LPCs, LPC-Os and PC-O were the lipids with highest statistical significance,
with a progressive decrease in relation to the severity status. Then, we sought if the lipidome
signature could be used as a prognostic tool to identify potential progression from mild to severe
condition and intra-hospital mortality. Using the entire dataset, we built a machine learning
model that showed reasonable accuracy to predict the disease state. Interestingly, using a re-
stricted panel of six lipids selected across the entire lipid profile, the model showed the compa-
rable results for severity and outcome. Covid-19 pathogenesis is still not completely understood

and lipids play a key role for SARS-CoV-2 replication 2 as observed for other human
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coronavirus infections ?*!, suggesting that SARS-CoV-2 hijacks the host’s lipid metabolism
24251 Indeed, lipidic profile can mirror a patient's biological status where internal and/or exter-
nal perturbations activate molecular pathways involved in the immune response and metabo-
lism. Our results show changes in LPCs and PCs in Covid-19 patients, and in particular, lower-
level predicts intra-hospital mortality. A similar pattern was observed in patients with Ebola
Virus Disease (EVD), where liver dysfunction and decay of choline metabolism affect LPCs
and PCs synthesis and are associated with the severity of the disease. Furthermore, the follow-
ing increase in LPCs and PCs in survivors confirm their potential use as a marker of severity
(41 Similarly, changes in LPCs and PCs in our cohort of Covid-19 patients can reflect the bio-
logical status and predict severity and mortality. Recently, several studies carried out in Italian
cohorts investigated the possible relationship of lipidic profiles and infection-pathology sever-
ity revealing the alterations in serum concentrations of different lipids !> Our findings show-
ing LPCs and PCs decrease could be an essential aspect to monitor during Covid-19 disease
progression and fits with the observations of Fraser et al. (2! where the creatinine/arginine ratio
was predictive of Covid-19 related mortality, and that a depressed plasma LPCs profile discern
between Covid-19 and healthy patients. Recently, the discovery of a V-shape trend of lipids

(18] fully support the important role of changed

profile after patient recovery from severe status
lipids profile in our study across survivors and non-survivors patients. Our data demonstrate
that, within the entire lipidome signature, the progressive decrease of LPCs, LPC-Os and PC-
O owns the highest accuracy in discriminating both severity and outcome. Previous targeted-
MS based lipidomics studies were conducted to distinguish between asymptomatic Covid-19

and healthy subjects 2’1, or in diagnostics, to discriminate symptomatic Covid-19 and healthy

patients, as a new tool to augment RT-PCR strategy [*)]. In other studies, with comparable
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numbers of patients, different proteomic and metabolomic profiles were demonstrated to be
associated with clinical phenotypes of Covid-19, from mild to severe ?°!. Other studies, have
further supported and evidenced the potential role of the lipidomic profiles in Covid-19 in cat-
egorizing hospitalized Covid-19 patients, connecting the return to baseline levels to disease
recovery 8], Our study, while of relatively small size but comparable to other studies, is the
first to propose, to our knowledge, that a restricted subset of six lipids (LPC O-18:1, PC O-
34:3, LPC 20:1, LPC O-16:1, LPC 18:0, LPC O-16:0) not highlighted previously, could poten-
tially predict intra-hospital mortality already at the time of the admission, in both mild and
severe Covid-19 patients, and identify those patients requiring tight monitoring and/or intensive
treatment. Finally, at a translational level, our results, unveiling a panel of LPCs, LPC-Os and
PC-O predicting the severity and mortality in hospitalized Covid-19 patients, could suggest the
potential employment of this simplified lipid panel as a predictive tool in faster, targeted ap-
proaches, using multiple reaction monitoring (MRM) strategy to obtain absolute quantitative
data that could be easier employed in a clinical setting.

6.5. Limitation of the study

Firstly, our results were based on a single Italian cohort of Covid-19 patients, thus future
studies with larger cohorts including different racial, ethnic, and geographical cohorts will be
necessary for extending our current understanding of lipid metabolic dysregulation. In addition,
the number of healthy subjects is relatively small. Before the translation to clinical settings, the
prognostic value of the identified lipid panel on Covid-19 outcome should be applied to large
and separate patients’ cohorts, using targeted mass spectrometry methods and absolute quanti-
fication. Furthermore, even if our approach can be defined untargeted, and combines different

tools for lipids ID assessment, particular lipid classes could be not detected by our method such

143



Chapter VI: Untargeted lipidomics analysis reveals specific lipid profiles in hospitalized
Covid-19 patients predictive for severity and mortality.

as Amadori-like phosphatidylethanolamines ! or oxidized lipids, such as oxylipins, that re-
quire targeted or pseudo targeted approaches. In addition, other important polar metabolites
could be included in the analysis, such as amino acids and acylcarnitines, to enrich the model.

6.6. Materials and methods

6.6.1. Study design and participants

A cohort of 99 patients diagnosed with Covid-19 (SARS-CoV-2 infection) admitted at the
University Hospital “Giovanni Da Procida”, Salerno, Italy, was enrolled between October 2020
and March 2021. The cohort’s median age was 68 years old, and the female proportion was
61%. At admission, patients were classified according to the clinical phenotype following
World Health Organization (WHO) severity score as Mild patients (hospitalized patients re-
quiring or not supplemental oxygen; n = 45), or Severe patients (hospitalized patients requiring
non-invasive ventilation or high-flow oxygen therapy; intubation and mechanical ventilation,
or ventilation with additional organ support; n = 54) [World Health Organization. WHO R&D
Blueprint. Novel Coronavirus: COVID-19 Therapeutic Trial Synopsis. Draft February 18, 2020
[www.who.int/blueprint/priority-diseases/key-action/COVID-19 Treatment Trial De-
sign Master Protocol synopsis_Final 18022020.pdf]. Patients were further followed up until
hospital discharge or death and subdivided into survivors (Mild, n = 37; Severe, n = 20) and
non-survivors (Mild, n = 8; Severe, n = 34).

Blood samples from all patients were collected at the time of admission (Time 0). In a sub-
group of patients (n = 25) we collected a second blood sample (Time 1) in correspondence of

clinical and symptoms changes (phenotypical switch).
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Healthy and SARS-CoV-2 negative subjects (n = 21) of age 50.21 + 10.29 and 50% of fe-
males were recruited from healthcare workers at the University Hospital “San Giovanni di Dio
e Ruggi d’Aragona”.

The study protocol was approved by the local Ethics Committee (prot./SCCE no. 71262,
May 2020). All methods and experimental procedures were performed under the Declaration
of Helsinki.

6.6.2. Blood sample Processing

From each patient, 5-8 mL of whole blood was drawn into EDTA vacutainers and centri-
fuged at 1.000 g for 20 minutes at 25°C to separate blood cells and plasma. After collection,
plasma samples were aliquoted and stored at — 80°C until analysis.

6.6.3. Plasma lipidome extraction

Before extraction, samples were randomized and split in regular sub-groups. Lipids were
extracted following the Matyash et al. protocol [*!1, with slight modifications: briefly, 20 pL of
plasma were thawed on ice and added to 225 pL of ice cold MeOH containing a mix of deuter-
ated standards (Splash Lipidomix®, Avanti Polar Lipids, Alabaster, AL, U.S.A) and vortexed
for 10 s. Subsequently, 750 uL of cold methyl tert-butyl ether (MTBE) were transferred to the
tube and the solution was shaken in a thermomixer (Eppendorf) for 10 min, 300 rpm at 4°C.
Then, 188 uL of H>O were added and samples were vortexed for 20 s and centrifuged at 14680
rpm, for 10 min at 4°C to induce phase separation. The upper layer was collected and evapo-
rated using a SpeedVac (Savant, Thermo Scientific, Milan, Italy). The dried samples were dis-
solved in 100 pL of BuOH/IPA/H>0 8/23/69 (v/v) before the UHPLC-TIMS analysis. A quality

control (QC) sample was prepared by pooling the same aliquot (3 pL) from each sample. Unless
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otherwise described, all solvents and additives were LC-MS grade and purchased by Merck
(Darmstadt, Germany).

6.6.4. RP-UHPLC-TIMS-Q-TOF method parameters

UHPLC-TIMS analyses were performed on a Thermo Ultimate RS 3000 UHPLC coupled
online to a TimsTOF Pro quadrupole Time of flight (Q-TOF) (Bruker Daltonics, Bremen, Ger-
many) equipped with an Apollo II electrospray ionization (ESI) probe. The separation was per-
formed with an Acquity UPLC CSH C18 column (100 x 2.1 mm; 1.7 um) protected with a
VanGuard CSH precolumn (5.0 x 2.1 mm; 1.7 um, 130 A) (Waters, Milford, MA, U.S.A). The
column temperature was set at 55°C, a flow rate of 0.4 mL/min was used, mobile phase con-
sisted of (A): ACN/H>0 with 10 mM HCOONH4 and 0.1% HCOOH 60:40 (v/v) and (B):
IPA/ACN with 10 mM HCOONH4 and 0.1% HCOOH 90:10 (v/v). The following gradient has
been used: 0 min, 40% B; 2 min, 43% B; 2.10 min, 50% B; 12 min, 54% B; 12.10 min, 70% B;
17 min, 99% B; 17.10 min, 99% B; 17.2, 40% B and then 2.8 min for column re-equilibration.
The analyses were performed in data-dependent parallel accumulation serial fragmentation
(DDA-PASEF) with both positive and negative ionization, in separate runs. The injection vol-
ume was set at 3 pL for the positive mode and 5 pL for the negative mode. Source parameters:
Nebulizer gas (N2) pressure: 4.0 Bar, Dry gas (N2): 10 I/min, Dry temperature: 250°C. Mass
spectra were recorded in the range m/z 100—1500, with an accumulation and ramp time to 100
ms each. The ion mobility was scanned from 0.55 to 1.70 Vs/cm?. Precursors for data-depend-
ent acquisition were isolated within + 2 m/z and fragmented with an ion mobility-dependent
collision energy, 30 eV in positive mode, and 40 eV in negative mode. The total acquisition
cycle was of 0.32 s and comprised one full TIMS-MS scan and two PASEF MS/MS scans.

Exclusion time was set to 0.1 min, Ion charge control (ICC) was set to 7.5 Mio. The instrument
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was calibrated for both mass and mobility using the ESI-L Low Concentration Tuning Mix with
the following composition: [m/z, 1/K0: (322.0481, 0.7318 Vs cm?), (622.0290, 0.9848 Vs
cm 2), (922.0098, 1.1895 Vs cm2), (1221,9906, 1.3820 Vs cm )] in positive mode and [m/z,
1/K0: (301.99814, 0.6678 Vs cm %), (601.97897, 0.8781 Vs cm?2), (1033.98811, 1.2525 Vs
cm 2), (1333.96894, 1.4015 Vs cm )] in negative mode.

6.6.5. RP-UHPLC-TIMS-Q-TOF data analysis and processing

4D data alignment, filtering and annotation was performed with Metaboscape 2021 (Bruker)
employing a feature finding algorithm (T-Rex 4D) that automatically extracts buckets from raw
files. At the beginning of each LC-MS run, a mixture (1:1 v/v) of 10mM sodium formate cali-
brant solution and ESI-L Low Concentration Tuning Mix was injected to recalibrate, respec-
tively, both the mass and mobility data. Feature detection was set to 500 and 250 counts for
positive and negative modes. The minimum number of data points in the 4D TIMS space was
set to 100, and recursive feature extraction was used. Lipid annotation was performed first with
a rule-based annotation and subsequently using the LipidBlast spectral library of MS DIAL
(http://prime.psc.riken.jp/compms/msdial/main.html) with the following parameters: tolerance:
narrow 2 ppm, wide 10 ppm; mSigma: narrow 30, wide 250, MS/MS score: narrow 800, wide
150, cross collisional section % (CCS %): narrow 2, wide 5. The spectra were processed in
positive mode using [M+ H]*, [M+ Na]*, [M+ K]*, [M+ H-H,0]" and [M+ NH4]" ions in pos-
itive mode, while [M-H]", [M+ CI]", [M+ HCOO] and [M-H>O] in negative mode, the as-
signment of the molecular formula was performed for the detected features using Smart For-
mula™ (SF). For the assessment of repeatability and instrument stability over time, a QC strat-
egy was applied 1?21 using pooled plasma samples inserted during the batch regularly together

with a mixture of authentic lipid standards [LightSPLASH®, Avanti Polar Lipids] to monitor
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specific retention time and response modification of lipid subclasses. Samples were injected in
randomized order and blank samples were injected regularly and used to assess and exclude
background signals.

6.6.6. Statistical analysis

Univariate and multivariate statistics was performed with MetaboAnalyst 5.0
(https://www.metaboanalyst.ca). Data preprocessing consisted of the following steps: all lipids
missing in more than 50% in QCs and 75% in real samples were excluded, furthermore all lipids
with a coefficient of variation (CV %) higher than 35% among QCs samples were discarded.
In order to flatten the differences between samples and to avoid bias in the statistical analysis,
we first normalized lipid intensities with the corresponding deuterated internal standard and
then the dataset was log transformed and auto scaled. A preliminary investigation was carried
out using Principal Component Analysis (PCA) on pre-processed data. Then, Partial Least
Square Discriminant Analysis (PLS-DA) model was built in order to discriminate between
healthy patients and mild and severe covid patients. K-fold cross-validation was performed,
splitting the data into 10 subgroups to select the optimal number of Latent Variables (nLVs).
The nLVs were selected maximizing the accuracy in cross validation. PLSDA solves classifi-
cation problems with more than 2 classes and in the scenario where there is a high number of
variables and low samples [*?]. Statistical analysis between patients’ characteristics were ana-
lyzed using student t test using SPSS v25.

Variable importance in projection (VIP) scores, based on PLS-DA results, and Significance
analysis of Metabolomics (SAM), giving a delta value of 1.5, were used to identify lipids re-
sponsible for the maximum separation of the groups. For univariate data analysis, one-way

ANOVA corrected by Fisher’s LSD post hoc analysis for intergroup comparison (Covid (-),
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Mild, Severe) was performed, setting a threshold of significance of false discovery rate (FDR)
adjusted p-value of 0.01. Receiver operating characteristic (ROC) analysis was carried out with
the Biomarker analysis tool in Metaboanalyst 5.0. A random forest (RF) machine learning (ML)
algorithm was performed, after splitting the cohort in a training set and a test set, was tested as
a predictive model. Lipid features were ranked according to the specific metrics of each mod-
eling method (p-values, absolute loading values from PCA, the variable importance in projec-
tion from PLS-DA, delta value on SAM analysis, and the feature importance from the RF
model). A multivariate ROC curve model was compared with the whole lipid profile.

6.7. Conclusions

Covid-19 is a well-documented metabolic disease. Lipidomics can be a useful tool to iden-
tify potential new diagnostic and prognostic biomarkers. We developed an UHPLC-TIMS/MS
method, that allowed to increase the confidence of the identified molecules being identified on
4 dimensions (RT, MS, MS/MS, CCS).

The combined HRMS and statistics approach let us possible to identify a signature of six
lipids with an apparently correlation with the severity of the Covid-19 disease. The analysis on
longitudinal patients seem to confirm the predictive power of these molecules, which are there-

fore candidates as potential prognostic biomarkers of Covid-19.
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CHAPTER VII

Supporting information

7.1. Supporting information for Chapter II: “Targeting the ASMase/S1P pathway pro-

tects from sortilin-evoked vascular damage in hypertension”
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Figure S1.1. Multiple reaction monitoring (MRM) chromatogram for sphingolipids extract.
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Figure S1.2. Multiple reaction monitoring chromatogram of the monitored final ceramides panel, in-

cluding sphingolipids optimized by LipidCreator. An overlay of MRM transitions of each sphingolipid

is shown.

7.1.1. Fast untargeted profiling of sphingolipids alteration by MRMS (Magnetic Reso-
nance Mass Spectrometry)

7.1.1.1. Extraction

Twenty-four patients with hypertension (defined as DBP >90 mmHg and/or SBP >140 mm
Hg or on the basis of use of anti-hypertensive medication) and 9 healthy donor control subjects
(non-smokers and non-diabetic) without previous cardiovascular events and not on statin ther-
apy, belonging to the Campania Salute Network Registry, were studied. Plasma samples were
thawed and extracted with methanol (MeOH) and methyl-tert-butyl ether (MTBE). Briefly, 225
uL of MeOH was added to 20 pL of plasma and the mixture was vortexed for 10 seconds. Then
750 uL of MTBE was added and the obtained solution was incubated at 300 rpm for six minutes
at 4°C. Afterwards, 188 pL of H,O was added to induce phase separation and the mixture was

vortexed for 20 seconds. After centrifuging for five minutes at 14680 rpm, 650 pL of the upper
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organic phase was transferred into a new vial and dried. For mass spectrometric analysis, the
sample (organic phase) was solubilized in 200 pL of 5 mM ammonium acetate 90%
MeOH/DCM (2:1v/v).

7.1.1.2. MS Analysis

Analyses were performed by direct infusion using electrospray ionization with a 250 uL
syringe at a flow rate of 2 uL./min. Data were acquired on a solariX XR 7T (Bruker Daltonik
GmbH, Bremen, Germany). The instrument was tuned and calibrated with a standard solution
of NaTFA (0.1 mg/mL in 50% acetonitrile). Mass spectra were acquired in broadband mode in
the range 100-1200 m/z with an ion accumulation time of 10 ms. 32 single scans were added
for the final mass spectrum using 2 million data points (2M). Nebulizing gas pressure was set
to 1 bar. Drying gas pressure was set to 4 L/min at a temperature of 200°C. Both positive and
negative ionization modes were employed. Five measurement replicates of each sample were
performed.

7.1.1.3. Data processing

Peak alignment and putative annotation of compounds based on accurate MS measurements
was performed in MetaboScape 4.0 (Bruker Daltonik GmbH, Bremen,Germany). LipidMAPS
was used as the analyte list for compound identification.

7.1.1.4. Results and Discussion

In order to have a look at possible further altered sphingolipids in the context of hyperten-
sion, but not monitorable with the targeted developed approach, we decided to investigate the
analytical potential of the FT-ICR system. Indeed, the untargeted lipidome profiling is usually
carried out by liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS). As
an alternative to LC-MS/MS, which can suffer of long analysis time and lack of reproducibility
due to retention time drift, direct infusion Fourier transform ion cyclotron resonance mass

157



Chapter VII: Supporting information.

spectrometry (FT-ICR/MS) provides very fine isotopic distribution as well as high mass accu-
racy for metabolite identification, allowing analysis without front-end separation step and deri-
vatization. This MRMS workflow maximizes high throughput in metabolic profiles and 37
sphingolipids (SPs), belonging to different subclasses and shown in the fold-change graph (fig-
ure S1.3), were putatively annotated with very good mass accuracy (average error <0.1 ppm).
Interestingly, the results revealed an increase in the average intensities of several deoxy-
ceramides and three sphinganines (figure S1.4). These results should be further confirmed by

a prospective large cohort and the identification corroborated by a deep MS/MS investigation.
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m Cer 42:2,02
= SM 32:1;02

m5M 42:3,02
®m Cer 40:0:0
= SM 36:2;02
Cer 42:1;02
SM 39:2;,02
SM 34:2:02
Cer 38:0;:0
Cer 38:1;0
Cer 36:1:0
= Cer 36:0;0

NORMO/HYPERTENSIVES = C17 Sphinganine

= Sphinganine

= C14 Sphinganine
3,000 2,000 1,00 0,000 1,000 2,000 3,000 = Cer 34:0,0
Cer 34:1;0

Figure S1.3. Fold change bar graph of the putative sphingolipids identified in human plasma samples
in the direction normotensives/hypertensives (SM: sphingomyelin; Cer: ceramide, HexCer: hexosyl-

ceramide).
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Figure S1.4. Bar graph of the most dysregulated SPs. Results are expressed as mean £ s.e.m.
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7.2. Supporting information for Chapter II1: “Analysis of the metabolic switch induced
by the Spirulina peptide SP6 in high fat diet ApoE~~ mice model: a direct infusion FT-
ICR-MS based approach”

7.2.1. Detailed SP6 peptide synthesis

The synthesis of peptide (SP6) was performed according to the solid phase approach using
standard Fmoc methodology by Biotage Initiator” Alstra automated microwave synthesizer (Bi-
otage, Uppsala, Sweden). Peptides were synthesized on a Fmoc-L-Ile-Wang resin (0.6-0.7
mmol/g, 100 mg), previously deprotected with 25% piperidine/DMF (1 x 3 min, 1 x 10 min) at
room temperature. The resin was then washed with DMF (4 x 4.5 mL) and the following pro-
tected amino acids were added on to the resin stepwise. Coupling reactions were performed
using Na-Fmoc amino acids (4.0 eq., 0.5 M), HBTU (3eq, 0.6 M), HOAt (3 eq, 0.5 M), and
DIEA (6 eq, 2 M) in N-methyl-2-pyrrolidone (NMP) for 10 min at 75°C (2 x). After each
coupling step, the Fmoc protecting group was removed as described above. The resin was
washed with DMF (4 x 4.5 mL) after each coupling and deprotection step. The N-terminal
Fmoc group was removed, the resin was washed with DCM (7 x) and the peptide was released
from the resin with TFA/TIS/H20 (90:5:5) for 3 h. The resin was removed by filtration, and the
crude peptide was recovered by precipitation with cold anhydrous ethyl ether to give a white
powder and then lyophilized. The yield of SP6 was 40%. Identity and purity of peptide was
assessed by UHPLC-PDA-MS.

7.2.2. Detailed parameters for MSDIAL

Alignement of Profile Q-Exactive files was performed with MS tolerance set at 0.01 for MS
and 0.025 for MS/MS with retention time tolerance of 0.1 min. Minimum peak height for de-
tection was set to 10000 amplitude value. Lipid identification was performed with internal
Lipidblast library while metabolites with internal libraries ESI POS and ESI NEG
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All _Public MS/MS. All metabolites’ annotations were based on mass accuracy, isotopic pat-
tern and spectral matching, rev.dot product, score cut off was 70%. All reported spectral
matches were manually revised for correct assignment, adducts with sodium, formate and ace-
tate were allowed for adduct correction. The alignment was performed only on matched MS/MS

metabolites blank corrected.

RPLC ESI+ . HILIC ESI+
(I
|
H : I 1|
|
|
HILIC ESI-
RPLC ESI-
RPLCESI+ RPLCESI- ' HILIC ESI+ HILIC ESI-

Figure S2.1. BPC of UHPLC-HRMS/MS in both ESI polarities (RPLC+/- and HILIC+/-).

161



Chapter VII: Supporting information.

1%

Lagend 0 Legend
128 @ CONTROL B gt
ecc 8]
10 1 @ TREATED = 2‘05 l‘ il { @ TREATED
I e g 1 T 1 77 1] %%
o s 10 = ° 7
T o2 : . £s
~ ] 0
% ¢ 02 % - -5’5
28 2 -10 7
5 4 et 10
VA A S | Qeceowge
D) ° o o o g - RRA R
) £ PC1(28.8%)
PC1(28%)

Figure S2.2. Synchronized PCA 3D plots of polar (left) and lipid (right) showing the satisfactory clus-

tering of QC samples.
8.00
7.00 - ® e
L] L
6.00 - . S
* . L
5.00 | e . -
L]
L
Y L]
4.00 o« ¢ * - aam
S . e B .
2 3.00 &
2 o e 5o . 0
o ge . e
2.00 o . e 5 o x .
* ‘ ae ® \ . .
1.00 L .. L] . :- . ey
. o -M'&
™ .
0.00
-1.0C
-2.0C -1.0C 0.00 1.00 2.00
log2(FC)

Figure S2.3. Volcano plot of metabolites with FC (>1; <-1) or p<0.05.

162



Chapter VII: Supporting information.

mmlll::xl‘nl“ K lkn;m mmmﬁ-!ﬂﬂ smaiﬂfi:ﬂaﬂzﬂf frey - 8 SH et - 743
wo- 0'40 10 iy 1840739 L)
5M34:1;02 = SM 40:1;02
0 |
re- =
saman frreen
| | i | i T
1 S12.0% A 1
L s  wemn ssacen
T B o W ’ . Jm'.jin'r ‘
e o 1 i
TusShes L)
0 »
» )
e 1840788 - 184078y - ™
B i e W e Wm  ae s me = e me e we e me 1840788 m""‘;"‘"nm“'“
por— i e W oam s e e W
: e - Sefesence
[ —————y Mronrerent
ME2 specha receman 813 6845 taosreset sl
wol arn | SM MS/MS
SM 42:2;02 ! EXPANSION
=
»
= | 5063
w
| 1s
o |
‘ A = l __LL_l__ﬂu
; 304 1084, i 1 642586
e ]
- ol
=]
- e -l
. b m w0 w0 e o e e L N N i i i S
Aesreree o m e =0 om0 1m0 e me  aw
- Reference
M52 sprctra Procuer: SAA 13557 Mewmaremer M52 sectss Prosyrsce: 5018379 Meamremers M52 spectra Precursor; 546 35309 i Mespeement
e e i LPC18:1 we il LPC20:1 = e LPC20:3 | i LPC 20:4
104.3071
10130
5o sof s s
5 2537
’ a1 B0
i 1 3 | . ! 1 1 2318 i ! ;_JJ i 4511673 i il 526 3265
i e i It i i !
10a 107 aan
0T 104 107 104107
sso3uny fr PP
32 0 ] i
o —— P g e B | N e I gt I — : - LT R —
P m " s w m - w0 - Y w m " ww - w m = "o w®
- Referencs L Reesence ~ Aepevence L Megerence:
2 sgecivn Procorser: 542 32181 b emere M3 specira Paexurson 570 3526 Merssvem et m’“;:‘;;“‘“"“’“" L TST spexien Precises: 468 30658 Memurement
11079 184004 ns .
- LPC20:5 LPC22:5 ™ LPC22:6 LPC 14:0
1041073
1oa16m
1043072
=i » ! ] eanss
53150
#5751
i 5'“‘.“' Ll .i‘ Il-Ll. L f ..‘u P -
i T j ! o i \
104107 5503217
10107 104307 104307
542 1241 5704554 . 368 085
-y -
o s - 531 2482 s
1840739 14073 _ S L8407
o 0 0 A0 = 1w ] 0 . 00 - . e “"I. - o - »n it m 00 = E ] 0 -0 - w0
e Befervace e Aeserence Refurence i Aeferemce

163




Chapter VII: Supporting information.

proeeh CAR 16:0 ey A e M2 spacira Pescarsar, 100887 M2 syt Presaace: 712 00081 Leraeee
e . 108 | ) 183 U386 112 ooy
| . CAR 18:0 Ly [ Hydroxybutyric acid e mmw  Indoxyl sulfate
o |
= | = 1IR3
| murny |
i | e i 22.30m; |
T 1 Py |
l LR e L 1 il nmn L ] s JU
! i i |
| | 103 0387
ol
- o -
| s2.0m
Lt oy |
|
ian | .
I I I ) . i I T | S ST s
- 2 L A ry = " w ™ B m o m ue o aw e
- Hefeesie B fo— ~ Aeerence
WD wpectry Preraner 4 1668 M wmenery L2 sty Preuryer 434,000 Mermrreert W2 wing Provemsr 4843294 Am eyt WED spwire Pruna ner. SM4.17104 s et
" =" f wearm o= v
! LPC1S:0 ™= LPC16:0 ™ PC16:1 ™ LPC 18:0
oty
o ] o
" - P | e Aoz |
- | S I .
i. i |l|.L..1h Ll sanr L. J ] e Ao { " l‘l 1, CATTIN il | L1 1
o t0r e " o
i nem e s
" |
L i o sisen ) i - waors
£ = - w £ . m 3 - - h w om - Y m »o ™ - e
o Aefereser: efeveree Advine - Adrer it

Figure S2.4. HCD MS/MS spectra comparison with reference of statistically relevant metabolites re-

ported in chapter 111 table 3.1.

164



Chapter VII: Supporting information.

SM 36:1,20(5M 18:1,20/18 ORT[rmin}=9.2 mf2=731.6086 Citric acidRT]min]=7 66 my'z=191.0193

5
Han
Bae
glu
182
E

<L

SM S2:220(5M 18:1.20/24:1KT[min)<12.99 m/2+813 6855

om

s
o
| Y
o
. v ——
LPE 20 1R T[min}=1. 93 m/e=550.3898 HILIC_POLAR Ea L] | )
1., METABOLITES RPLC_LIPIDS
1 °
B ° - &
ot - o
o ————— —————— £ 4
G - Ll - -
S o e 3 - 5
1PC 15 WRT[min}=1.39 m/r=522.3550 i - e 1. .
3 L] .'.' . 4 @ o 'o &
a3 - (= » °
Py
A5
AL
iu:
23
o e H
oo et 22748 e 110

Figure S2.5. UHPLC-HRMS/MS statistical analysis.

p-cresol sulfate

=P

CONTROL
TREATED

Figure S2.6. Box plot relative to p-cresol sulfate (DI-FT-ICR).

165



Chapter VII: Supporting information.

Table S2.1: List of all metabolites annotated with MSI level 2 or 3 by DI-FT-ICR (left) and listed in alphabetical order of biochemical class; metabolites in bold are
those reported in table 1 and cited through the manuscript. The annotation of these metabolites is further supported by UHPLC-HRMS/MS with HILIC or RP sepa-
ration mode (right). MS/MS spectra of statistically relevant metabolites are reported in figure 3.4 or figure S3.4. CV % values are relative to signal intensity (for DI-
FT-ICR analysis) or to peak area (for UHPLC-HRMS/MS analysis) and have been calculated on the QC samples inserted randomly in the batch. All remaining

metabolites detected and annotated with UHPLC-HRMS/MS were not included in the supporting material. These data are available from the authors upon reasonable

request.
DI-FT-ICR PLATFORM UHPLC-HRMS/MS PLATFORM
Compound name

Mol. error QC RT Mol. error QC

m/z meas. (HMDB or BIOCHEMICAL CLASS/SUBCLASS m/z meas. Fragments FC
Formula [ppm] CV% (RP/HILIC) Formula [ppm] CV %
LIPIDMAPS)
103.04007  Hydroxybutyric acid Alpha hydroxy acids and derivatives C4Hg05 0.03 3.65 103.03883 1.12 C4H305 1.17 57,73, 85 1.65 5.13
125.00110 Lactic acid Alpha hydroxy acids and derivatives C3H¢O5 -0.01 0.95
118.08625 Betaine Amino acids, peptides, and analogues CsH;iINO, -0.12 1.29
132.07674 Creatine Amino acids, peptides, and analogues C4HoN;0, -0.10 7.55
146.04588 Glutamic acid Amino acids, peptides, and analogues CsHoNO4 -0.15 6.90 146.04489 7.44 CsHoNO4 0.99 128, 102 1.42 4.85
. . . . 127, 109,

145.06186 Glutamine Amino acids, peptides, and analogues CsH;oN,O3 -0.07 534 145.06056 7.69 CsH;oN,O; 1.3 101 1.01 1.49
132.10189 Leu/Isoleucine Amino acids, peptides, and analogues CsHi3sNO, -0.11 0.11
147.11279 Lysine Amino acids, peptides, and analogues CeH14N,O, -0.11 4.26
166.08624 Phenylalanine Amino acids, peptides, and analogues CoH;1NO, -0.16 6.66
138.05253 Proline Amino acids, peptides, and analogues CsHoNO, -0.07 1.62
128.03531 Pyroglutamic acid Amino acids, peptides, and analogues CsH;NO; -0.07 6.44
227.07908 Tryptophan Amino acids, peptides, and analogues C11Hi2N,O, -0.08 291
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133.01424 Malic acid Beta hydroxy acids and derivatives C4HgOs -0.08 6.32 133.01286 5.10 C4HgOs 1.15 71,115, 89 1.57 547
199.03787 Deoxy Hexose Carbohydrates and carbohydrate conjugates CeH ;205 0.00 1.38
135.02989 Erythronic acid Carbohydrates and carbohydrate conjugates C4Hs0s -0.01 8.75
179.05611 Hexose Carbohydrates and carbohydrate conjugates CeH1204 0.00 2.09
185.02222 Pentose Carbohydrates and carbohydrate conjugates CsH;00s -0.08 3.54
2-Aminooctanoic
160.13319 acid Carboxylic acids and derivatives CsH7NO, -0.09 2.46
175.02480 Ascorbic acid Dihydrofurans CeH3Og -0.02 3.29
204.12302 Acetylcarnitine Fatty acid esters CoH7NO4 -0.09 5.14
372.31090 CAR 14:0 Fatty acid esters C>HaNO,4 0.26 5.04
400.34224 CAR 16:0 Fatty acid esters Ca3HusNO,4 0.40 6.06 400.34045 1.42 Ca3HuNO;4 1.68 296, 85 1.21 0.77
428.37337 CAR 18:0 Fatty acid esters CpsHyoNO4 -0.18 6.41
426.35771 CAR 18:1 Fatty acid esters C2sH4NO, -0.21 0.64 426.35547 1.50 CasHisNO,4 2.32 322,85 1.34 1.68
232.15431 CAR 4:0 Fatty acid esters C11H2/NO4 -0.21 0.62
246.17003 CAR 5:0 Fatty acid esters C2H2;NO, 0.18 2.15
400.34207 Palmitoylcarnitine Fatty acid esters C13HysNOy -0.15 2.53
171.13905 FA 10:0 Fatty Acyls [FA] C10H200; 0.01 8.55
185.15470 FA 11:0 Fatty Acyls [FA] C11H2»0; 0.03 4.92
199.17032 FA 12:0 Fatty Acyls [FA] C1xH20; -0.18 8.74
239.16175 FA 12:0;0 Fatty Acyls [FA] C12H20; -0.07 6.91
253.14100 FA 12:1,02 Fatty Acyls [FA] C12H20;4 -0.27 7.79
251.12542 FA 12:2;02 Fatty Acyls [FA] C12H2004 0.27 2.31
227.20164 FA 14:0 Fatty Acyls [FA] C14Ha0, 0.01 9.30
227.20164 FA 14:0 Fatty Acyls [FA] C14H250; -0.04 4.66
241.18093 FA 14:1;0 Fatty Acyls [FA] C14H260; 0.08 6.27
281.17230 FA 14:1;02 Fatty Acyls [FA] Ci4H2604 -0.22 4.64
235.13397 FA 14:4,0 Fatty Acyls [FA] C14H20; 0.08 7.29

167



Chapter VII: Supporting information.

241.21730 FA 15:0 Fatty Acyls [FA] Ci5H300; 0.00 5.55
277.19396 FA 15:0 Fatty Acyls [FA] Ci5H300; -0.01 6.66
241.21624 FA 15:1 Fatty Acyls [FA] Cy5Ho50, 0.18 6.23
255.19656 FA 15:1;0 Fatty Acyls [FA] Ci5Ho505 -0.08 6.13
255.23295 FA 16:0 Fatty Acyls [FA] Ci6H320; 0.00 8.97
291.20962 FA 16:0 Fatty Acyls [FA] Ci6H30, -0.04 5.16
271.22787 FA 16:0,0 Fatty Acyls [FA] Ci6H320; -0.04 8.07
287.22280 FA 16:0,02 Fatty Acyls [FA] Ci6H3204 -0.18 3.92
253.21729 FA 16:1 Fatty Acyls [FA] Ci6H300; -0.01 7.81
253.21730 FA 16:1 Fatty Acyls [FA] Ci6H300; -0.03 4.50
269.21222 FA 16:1;0 Fatty Acyls [FA] C16H300; -0.08 9.87
28520714 FA 16:1;02 Fatty Acyls [FA] C16H3004 0.00 6.36
26921115 FA 16:2;0 Fatty Acyls [FA] C16H250; -0.07 4.13
265.18092 FA 16:3;0 Fatty Acyls [FA] Ci6H260;3 0.08 3.87
269.24860 FA 17:0 Fatty Acyls [FA] C7H340; -0.03 2.98
305.22527 FA 17:0 Fatty Acyls [FA] C7H340; -0.07 9.38
301.23844 FA 17:0,02 Fatty Acyls [FA] C17H3404 -0.33 7.95
267.23296 FA 17:1 Fatty Acyls [FA] C7H30, 0.05 6.73
285.24247 FA 17:1;,0 Fatty Acyls [FA] C17H3,0; 0.15 7.66
283.26425 FA 18:0 Fatty Acyls [FA] CisH360, 0.01 6.96
319.24091 FA 18:0 Fatty Acyls [FA] CisH360, -0.04 6.46
299.25918 FA 18:0;0 Fatty Acyls [FA] CisH360;3 -0.37 1.51
315.25408 FA 18:0,02 Fatty Acyls [FA] CisH3604 0.08 8.95
281.24860 FA 18:1 Fatty Acyls [FA] CisH340; 0.02 6.09
317.22526 FA 18:1 Fatty Acyls [FA] CisH340; -0.07 2.19
297.24352 FA 18:1;0 Fatty Acyls [FA] CisH340; 0.10 3.73
313.23844 FA 18:1;02 Fatty Acyls [FA] CisH3404 -0.20 9.55
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279.23295 FA 18:2 Fatty Acyls [FA] CisH3,0, -0.01 5.69
315.20961 FA 18:2 Fatty Acyls [FA] CisH3,0, -0.34 429
297.24249 FA 18:2;0 Fatty Acyls [FA] CisH3,05 0.03 6.38
319.22433 FA 18:2;0 Fatty Acyls [FA] CisH3,05 -0.31 4.66
291.19657 FA 18:4;0 Fatty Acyls [FA] C15H2:0; -0.06 243
297.27990 FA 19:0 Fatty Acyls [FA] C1oH350, 0.11 2.95
295.26426 FA 19:1 Fatty Acyls [FA] C1oH360, 0.13 6.70
313.27378 FA 19:1;0 Fatty Acyls [FA] C19H3¢0; 0.26 7.92
329.26870 FA 19:1;02 Fatty Acyls [FA] Ci1oH3604 0.25 7.33
311.29555 FA 20:0 Fatty Acyls [FA] Ca0Hi00, 0.05 10.88
309.27990 FA 20:1 Fatty Acyls [FA] CaoH350, 0.03 6.93
327.28944 FA 20:1;0 Fatty Acyls [FA] CaoH3505 0.12 5.82
341.26974 FA 20:1;02 Fatty Acyls [FA] CaoH3504 0.24 8.29
307.26425 FA 20:2 Fatty Acyls [FA] CaoH360, -0.03 8.70
403.23276 FA 20:3;06 Fatty Acyls [FA] CaoH3405 0.28 486
303.23293 FA 20:4 Fatty Acyls [FA] CaoH3,0, 027 327
303.23295 FA 20:4 Fatty Acyls [FA] C2oH30, 0.07 0.63
319.22787 FA 20:4;0 Fatty Acyls [FA] C20H3:0; 0.06 4.54
343.22434 FA 20:4;0 Fatty Acyls [FA] C20H3:0; 0.07 3.02
303.23192 FA 20:5 Fatty Acyls [FA] Ca0H300, 0.27 6.38
32531120 FA 21:0 Fatty Acyls [FA] C21Hi0, 0.13 7.33
341.30510 FA 21:1;0 Fatty Acyls [FA] C21H005 0.17 4.60
357.30000 FA 21:1;02 Fatty Acyls [FA] Ca1HioOs 0.09 3.63
355.28440 FA 21:2;02 Fatty Acyls [FA] Ca1H3504 0.34 10.18
339.32685 FA 22:0 Fatty Acyls [FA] CxHuO, 0.14 6.78
403.30655 FA 22:0,04 Fatty Acyls [FA] C2HisOs 0.06 3.17
371.31566 FA 22:1;02 Fatty Acyls [FA] [T 0.16 5.17
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331.26425 FA 22:4 Fatty Acyls [FA] CxH360; -0.17 5.32
327.23295 FA 22:6 Fatty Acyls [FA] CH3,0, -0.01 5.11
363.20962 FA 22:6 Fatty Acyls [FA] CH3,0, 0.09 7.93
369.33654 FA 23:1;0 Fatty Acyls [FA] Cy3HisO5 0.27 10.10
367.35817 FA 24:0 Fatty Acyls [FA] C24Hus50, 0.06 6.52
383.35207 FA 24:1;0 Fatty Acyls [FA] C24Hus0; 0.12 4.92
397.33235 FA 24:1,02 Fatty Acyls [FA] C24Hus04 0.07 1.67
381.37378 FA 25:0 Fatty Acyls [FA] CasHs00, -0.60 8.25
419.31567 FA 26:5,02 Fatty Acyls [FA] CasHa2O4 0.14 1.97
179.05613 FA 6:0,04 Fatty Acyls [FA] CsH 1205 -0.08 9.28
167.06786 FA 7:1,0 Fatty Acyls [FA] C;H},0; -0.12 10.96
165.08858 FA 8:1 Fatty Acyls [FA] CsH 140, -0.09 2.29
157.08700 FA 8:1;0 Fatty Acyls [FA] CsHi40; -0.14 0.67
195.06276 FA 8:2;,02 Fatty Acyls [FA] CsH 1204 -0.11 9.09
157.12339 FA 9:0 Fatty Acyls [FA] CoH;50, 0.00 3.82
537.48890 FAHFA 34:1;0 Fatty Acyls [FA] C34He604 0.22 0.60
535.47324 FAHFA 34:2;0 Fatty Acyls [FA] C34HesO4 0.17 8.93
563.50453 FAHFA 36:2;0 Fatty Acyls [FA] C36HesOs4 0.12 7.96
205.15978 FAL 14:3 Fatty Acyls [FA] CisH20 -0.05 1.43
145.05063 Methylglutaric acid Fatty Acyls [FA] CeH 1004 -0.02 3.06
468.30864 NA 27:6,03 Fatty Acyls [FA] C7HusNO, 0.27 6.52
272.25845 unknown FA Fatty Acyls [FA] Ci6H3;NO, 0.13 8.04
288.25338 unknown FA Fatty Acyls [FA] Ci6H33NO; 0.25 9.21
300.28976 unknown FA Fatty Acyls [FA] CisH3NO, 0.16 5.24
507.51365 WE 34:1 Fatty Acyls [FA] C34Hg60: 0.64 3.81
521.52929 WE 35:1 Fatty Acyls [FA] C3sHesO: 0.30 4.11
535.54495 WE 36:1 Fatty Acyls [FA] C36H700; 0.47 2.90
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286.27411 NAE 15:0 Fatty amides [FA08] C7H3sNO, 0.16 6.03
298.27411 NAE 16:1 Fatty amides [FA0S] CisH3sNO, 0.34 5.40
314.30543 NAE 17:0 Fatty amides [FA0S] C1oH39NO, 0.32 5.40
328.32108 NAE 18:0 Fatty amides [FA0S] CH4NO, 0.15 10.08
322.27413 NAE 18:3 Fatty amides [FA0S8] CyH3sNO, 0.27 6.50 n.d
331.28435 MG 16:0 Glycerolipids [GL] C1oH3304 0.15 8.46
359.31566 MG 18:0 Glycerolipids [GL] C,1HyO4 0.15 3.61
377.26621 MG 18:2 Glycerolipids [GL] C,1H3304 0.03 8.64
Glycerophospho- o
280.09201 . Glycerophospholipids [GP] CsHoNOGP -0.11 5.52
choline
- 450, 184,
490.29033 LPC 14:0 Glycerophospholipids [GP] CpHyNO7P 0.12 5.11 468.30658 1.05 CHisNO7P 1.89 lo4 1.32 547
464, 184,
482.32422 LPC 15:0 Glycerophospholipids [GP] Cy3HysNO7P 0.19 5.13 482.32498 1.20 Cy3HysNOsP 0.85 lo4 1.51 6.20
459, 313,
518.32162 LPC 16:0 Glycerophospholipids [GP] C14Hs5oNO7P -0.14 3.12 518.32007 1.40 C14Hs5oNOsP 1.65 104 1.84 2.13
476, 184,
516.30599 LPC 16:1 Glycerophospholipids [GP] C1sHysNO7P -0.07 3.40 494.32391 1.11 CyHysNOsP 0.22 104 1.74 0.94
494.32420 LPC 16:1/LPE 19:1 Glycerophospholipids [GP] C4H4sNO7P 0.31 5.89
546.35293 LPC 18:0 Glycerophospholipids [GP] C,6HssNO-P -0.14 2.75
526.29299 LPC 18:0/LPE 21:0 Glycerophospholipids [GP] C,7H4sNO7P 0.20 1.56
o 504, 184,
54433724 LPC 18:1 Glycerophospholipids [GP] CyHs2NO7P -0.59 3.63 544.33551 1.48 CHs2NO7P 0.61 Lo 1.44 2.87
. 502, 184,
542.32164 LPC 18:2 Glycerophospholipids [GP] C,6HsoNO;P -0.54 1.03 520.34058 1.18 C,6HsoNO;P 0.8 104 1.58 1.21
520.33990 LPC 18:2 Glycerophospholipids [GP] CyHs5oNO7P 0.44 4.14
. 532, 184,
572.36859 LPC 20:1 Glycerophospholipids [GP] Cy3HssNO7P -0.10 0.37 550.38385 2.09 Cy3HssNO7P 2.99 Lo 2.12 0.61

171



Chapter VII: Supporting information.

568.33711 LPC 20:3 Glycerophospholipids [GP] C2sHs,NO7P -0.25 6.12 546.35284 1.29 Cy3Hs2NO,P 2.57 184, 104 1.18 5.01
566.32163 LPC 20:4 Glycerophospholipids [GP] Cy3HsoNO7P -0.08 2.67 566.31805 1.15 Cy3HsoNO7P 3.67 5071702615 1.25 4.66
544.34011 LPC 20:4 Glycerophospholipids [GP] CpsHs5oNO7P 0.74 3.75

564.30598 LPC 20:5 Glycerophospholipids [GP] Cy3HysNO7P 0.17 430 542.32343 0.97 Cy3HysNO7P 0.67 5241702845 1.12 0.66

552, 184,

592.33726 LPC 22:5 Glycerophospholipids [GP] C30Hs:NO;P -0.15 5.34 570.35284 1.185 C30Hs,NO;P 2.57 - 1.55 1.46
570.35568 LPC 22:5 Glycerophospholipids [GP] C30Hs2NO7P 0.79 2.08

590.32164 LPC 22:6 Glycerophospholipids [GP] C30HsoNO;P -0.07 3.17 568.33630 1.08 C30HsoNO7P 3.48 184, 104 1.02 0.96
568.34000 LPC 22:6 Glycerophospholipids [GP] C30HsoNO7P 0.61 5.05

630.44690 LPC 24:0 Glycerophospholipids [GP] C3,HesNO7P -0.01 7.88

482.36061 LPC O-16:0 Glycerophospholipids [GP] C2sHs:NOGP 0.45 5.01

510.39188 LPC 0-18:0 Glycerophospholipids [GP] CysHssNOGP 0.07 5.50

508.37626 LPC O-18:1 Glycerophospholipids [GP] C6HssNOGP 0.39 4.55

530.35805 LPC O-18:1 Glycerophospholipids [GP] C6HssNOGP -0.29 8.94

538.42322 LPC 0-20:0 Glycerophospholipids [GP] CysHgoNOgP 0.37 4.75

454.29294 LPC13:0 Glycerophospholipids [GP] C, HsysNO-P 0.48 5.30

478.29294 LPE 18:2 Glycerophospholipids [GP] C;HuNO7P 0.24 1.09 478.2915 1.235 C3HuNO7P 1.32 337 2.71 3.77
532.33729 LPE 20:0 Glycerophospholipids [GP] C,sHsoNO,P -0.13 6.58

502.29300 LPE 20:4 Glycerophospholipids [GP] CysHuNO,P 0.59 497

548.27474 LPE 22:6 Glycerophospholipids [GP] Cy7Hu4NO,P 0.27 3.39

580.36205 LPS 22:0 Glycerophospholipids [GP] CosHssNOoP 0.15 9.98

578.34644  LPS 22:1/PC 20:1;0 Glycerophospholipids [GP] Cy3HssNOoP 0.17 6.96

706.53844 PC 30:0/PE 33:0 Glycerophospholipids [GP] C33H76NOgP 0.64 423

756.55130 PC 32:0 Glycerophospholipids [GP] C4HgoNOsP 0.07 1.62

734.56966 PC 32:0/PE 35:0 Glycerophospholipids [GP] C40HgoNOgP 0.54 2.46 n.d

788.61668 PC 36:1/PE 39:1 Glycerophospholipids [GP] C44HgeNOsP 0.62 2.11
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786.60099 PC 36:2/PE 39:2 Glycerophospholipids [GP] CysHgsNOsP 0.54 1.75

814.63272 PC 38:2/ PE41:2 Glycerophospholipids [GP] C46HgsNOsP 0.92 591

812.61693 PC 38:3/PE 41:3 Glycerophospholipids [GP] Ca6HgsNOsP 0.91 3.82

810.60095 PC 38:4/PE 41:4 Glycerophospholipids [GP] C46HsaNOsP 0.51 1.86 n.d
806.56963 PC 38:6/PE 41:6 Glycerophospholipids [GP] C4sHgoNOsP 0.47 1.41

834.60101 PC 40:6/PE 43:6 Glycerophospholipids [GP] C4sHssNOgP 0.60 1.76 nd
468.30864  PC O-14:0/LPE 17:0 Glycerophospholipids [GP] CHiNO7P 0.19 6.52

496.33989  PC O-16:0/LPE 19:0 Glycerophospholipids [GP] C24HsoNO7P 0.38 3.66

510.35552  PC O-17:0/LPE 20:0 Glycerophospholipids [GP] CysHs,NO7P 0.21 5.17

524.37121 PC O-18:0 Glycerophospholipids [GP] CasHssNO7P 0.46 2.59

522.35552  PC O-18:1/LPC 18:1 Glycerophospholipids [GP] CyHs,NO7P 0.36 3.71

550.38688  PC 0-20:1/LPC 20:1 Glycerophospholipids [GP] CysHs¢NO7P 0.52 6.57

720.59034 Fe 0—3;:.(())/PE 0- Glycerophospholipids [GP] C40HgoNO,P 0.51 6.00

ngsTa9 - 0'3325:}1/% o Glycerophospholipids [GP] CxHwNOP 081 423

74660610 | © O'ztllm o Glycerophospholipids [GP] CoHuNOP  0.69 461

14450037 C OJ;ZPE o Glycerophospholipids [GP] CoHoNOP 043 2.15

e o O'zZ:AZ/PE © Glycerophospholipids [GP] CuHwNOP 068 153

768.59044 PC O0-36:4 Glycerophospholipids [GP] C44HgNO7P 0.61 0.74

796.62182 PC O-38:4 Glycerophospholipids [GP] C4HgsNO7P 0.62 5.88

794.60607 PC O-38:5 Glycerophospholipids [GP] C4HsaNO7P 0.58 3.09

824.65303 PC 0-40:4 Glycerophospholipids [GP] CusHooNO7P 0.57 4.04 824.64703 12.72 CusHooNO7P 5.74 184,512 1.11 0.45
818.60598 PC 0-40:7 Glycerophospholipids [GP] C4sHsaNO7P 0.41 0.87

724.52789 PE 0-36:5 Glycerophospholipids [GP] C4H74NO-P 0.80 3.03 n.d
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885.54976 P138:4 Glycerophospholipids [GP] C47Hs3015P 0.06 3.16
816.57602 PS 38:1 Glycerophospholipids [GP] CysHgsNO, (P -0.03 11.20
844.60744 PS 40:1 Glycerophospholipids [GP] CaHgsNO;oP 0.13 4.72
215.03406 Paraxanthine Imidazopyrimidines C7HgN4O, -0.30 1.49
167.02105 Uric acid Imidazopyrimidines CsH4N,O5 -0.10 3.50
145.01424 Oxoglutaric acid Keto acids and derivatives C;sHqOs -0.01 6.33
Alpha-ketoisovaleric
115.04006 acid Organic acids and derivatives CsHgO5 -0.08 7.17
117.01933 Methylmalonic acid Organic acids and derivatives C4HsO4 -0.04 2.73
212.00228 Indoxyl sulfate Organic sulfuric acids and derivatives C3H/NO4S -0.14 7.37 212.00226 1.17 C3H/NO4S 0.04 79, 132 238 5.29
187.00704 p-Cresol sulfate Organic sulfuric acids and derivatives C;H30.4S -0.04 7.49 nd
301.14099 Alpha-CEHC Organoheterocyclic compounds Ci6H204 -0.18 3.82
162.11245 L-Carnitine Organonitrogen compounds C;H;5sNO; -0.14 7.77
218.10339 Pantothenic acid Organooxygen compounds CoH;7NOs -0.05 5.69
124.00739 Taurine Organosulfonic acids and derivatives C,H;NOsS -0.04 1.90
263.04401 Deoxyuridine Pyrimidine nucleosides CoH/,N,05 0.17 8.95
277.05965 Thymidine Pyrimidine nucleosides Ci1oH14N,O5 0.08 2.08
27427411 C16 Sphinganine Sphingolipids [SP] C6H3sNO, 0.16 8.12
288.28976 C17 Sphinganine Sphingolipids [SP] Cy7H3;NO, 0.14 6.22
512.50365 Cer 32:0;02 Sphingolipids [SP] C3,HesNO; -0.23 6.97
524.54024 Cer 34:0;0 Sphingolipids [SP] C33HeoNO, 0.16 6.63
540.53490 Cer 34:0;02 Sphingolipids [SP] C33HeoNO; -0.30 2.11
572.52502 Cer 34:0,04 Sphingolipids [SP] C34HgoNOs 0.10 2.39
522.52456 Cer 34:1;,0 Sphingolipids [SP] C34Hg7NO, 0.11 4.36
552.57154 Cer 36:0;0 Sphingolipids [SP] C3H73NO; 0.37 7.70
568.56625 Cer 36:0,02 Sphingolipids [SP] C3H73NO; -0.25 5.85
550.55591 Cer 36:1;0 Sphingolipids [SP] C3sH71NO, 0.18 6.54
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596.59750 Cer 38:0,02 Sphingolipids [SP] C3sH77NO5 -0.29 0.13
689.55927 SM 33:1;02 Sphingolipids [SP] C33sH77N,06P 0.41 2.33
703.57504 SM 34:1;02 Sphingolipids [SP] C30H70N,O6P 0.51 4.17 703.57550 7.44 C30H70N,O6P 0.67 264, 184 1.09 233
701.55943 SM 34:2;02 Sphingolipids [SP] C39oH77N,04P 0.62 1.91
731.60637 SM 36:1;02 Sphingolipids [SP] C41HgsN,O6P 0.23 5.51 731.60858 9.20 C41HgzsN,OgP 2.44 264, 184 1.85 0.29
759.63717 SM 38:1;02 Sphingolipids [SP] C43Hg7N,O6P -0.29 4.52
787.66893 SM 40:1;02 Sphingolipids [SP] C45HoiN,O6P 0.43 6.09 787.66803 12.84 C45HoN,OgP 0.73 184 3.74 3.89
815.70066 SM 42:1;02 Sphingolipids [SP] C47HosN,O6P 0.94 491
813.68478 SM 42:2;02 Sphingolipids [SP] C47HosN,O6P 0.76 4.86 813.68549 12.99 C47HosN,O6P 1.1 264, 184 1.25 1.28
316.28469 SPB 18:1;03 Sphingolipids [SP] CisH37NO; 0.12 7.08
302.30532 Sphinganine Sphingolipids [SP] C5H30NO, -0.16 2.17
Sphingoid bases un-
330.33670 known/N-N dime- Sphingolipids [SP] CyH43NO, 0.16 5.78
thylsaphingol
500.27834 ST 24:1;05;G Sphingolipids [SP] C16H43NOg 0.21 2.42
391.28438 ST 24:2;04 Sphingolipids [SP] C24H3504 0.17 2.90
465.30445 ST 27:1;0;S Sphingolipids [SP] C17H4604S 0.12 9.21
547.39947 ST 27:2;0;Hex Sphingolipids [SP] Ci33H540¢ 0.15 1.41
433.33133 ST 27:2;04 Sphingolipids [SP] C27Hu404 0.17 6.60
447.34706 ST 28:2;04 Sphingolipids [SP] CasHus04 0.24 9.76
429.37379 ST 29:1;02 Sphingolipids [SP] Ca9H500; 0.22 9.19
489.39494 ST 31:1;04 Sphingolipids [SP] C31Hs404 -0.01 497
671.57397 CE 18:2 Sterol Lipids [ST] CiysH760; 0.32 0.66
695.57392 CE 20:4 Sterol Lipids [ST] C47H760; 0.31 8.55
465.30439 Cholesterol sulfate Sterol Lipids [ST] C7H4604S -0.53 3.35
173, 111,
191.01970 Citric acid Tricarboxylic acids and derivatives CeHs04 -0.05 3.44 191.01932 7.66 CeHs04 0.41 %7 1.86 741
339.23296 unknown unknown C24H3,0, -0.10 4.07
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637.54135 unknown

unknown

C4OH74()6

0.15
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7.3. Supporting information for Chapter IV: “Dysregulated endocannabinoid pathway

and its role in AP-4 deficiency syndrome”
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Figure S3.1. T-test analysis, p-value threshold <0.05 (pink dots: significant lipids; grey dots: unsig-

nificant lipids).
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Figure S3.2. Analysis of lipids containing the acyl chain 20:4.
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Table S3.1. Putative identified lipids in brain extract.

RT [min] CCS (A% m/z meas. Ions Compound Molecular Formula Mob. 1/K0 MS/MS score Am/z [ppm] ACCS [%)]
13.58 205.0 379.2843 [M+H]". [M+H-H,0]" 2-Arachidonoylglycerol Ca;3H330,4 0.988 m.c. m.c. 2.1
16.09 182.5 303.234 [M-HT Arachidonic acid CyH3,0, 0.872 m.c. m.c. 1.3
32.19 2834 614.587 [M+NH,]" CE 14:0 C4H7,0, 1.384 976.5 -0.046 33
32.65 285.7 642.6185 [M+NH,]" CE 16:0 Cy3H760, 1.397 974 0.139 23
32.13 283.6 640.603 [M+NH,]" CE 16:1 Cy43H740; 1.386 971.2 0.549 2.6
32.85 287.8 656.6343 [M+NH,]" CE17:0 CusH750; 1.407 971 0.483 23
32.35 285.2 654.6189 [M+NH,]" CE17:1 CusH760, 1.395 943 0.736 1.8
33.11 289.8 670.6498 [M+NH,]" CE 18:0 Cy4sHgo0, 1.418 975.8 0.13 1.7
32.17 288.6 666.6187 [M+NH,4]". [M+H]". [M+Na]" CE 18:2 CysH760; 1.412 977 0.461 23
31.82 287.6 664.6045 [M+NH,]" CE 18:3 C4sH740; 1.407 979.1 2.583 3
33.02 291.8 696.6664 [M+NH,]" CE 20:1 C47Hs,0, 1.429 975.2 1.836 1.1
32.59 292.9 694.6503 [M+NH,]* CE 20:2 C47Hs00, 1.434 981.1 1.004 23
322 292.4 692.6347 [M+NH,]" CE 20:3 C47H750; 1.432 980.5 1.03 2.4
31.89 291.5 690.6189 [M+NH,4]". [M+H]". [M+Na]" CE 20:4 C47H760, 1.427 978.1 0.739 2
32.23 296.3 718.6502 [M+NH,]* CE 22:4 CoHg00, 1.451 982.7 0.766 0.7
28.45 265.3 568.5654 [M+H]* Cer 18:0;20/18:0 C3H73NO; 1.293 380.8 -1.154 0.6
29.71 279.2 650.6432 [M+H]* Cer 18:0;20/24:1 C4Hg;NO; 1.365 178.6 -1.896 0.7
28.14 263.6 566.5501 [M+H]* Cer 18:1;20/18:0 C3H7/NO; 1.285 970.8 -0.97 0.5
29.57 274.8 622.613 [M+H]". [M+H]". [M+H-H,0]" Cer 18:1;20/22:0 C4H7oNO; 1.343 867.3 -0.46 0.7
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29.83 2773 636.6292 [M+H] Cer 18:1;20/23:0 CaiHgNO; 1355 959.9 0417 13
30.05 280 650.6446 [M+H] Cer 18:1;20/24:0 CaHgNO; 1369 965.6 0.127 12
29.52 2777 648.6284 [M+H]". [M+H-H:0[" Cer 18:1;20/24:1 CaaHsNO; 1.358 9223 0.815 0.9
2828 2647 592.566 [M+H]" Cer 18:2;20/20:0 CssH7NO; 1.291 909.5 -0.444 0.1
29.07 270 6205975 IM+H] Cer 18:2;20/22:0 CaoH7NO; 1319 961.9 0.068 03
29.38 273 634.6124 [M+H]'". [M+H-H,0]" Cer 18:2;20/23:0 CaiH7NO; 1334 849.9 1.442 0.1
29.02 2738 646.6129 [M+H]". [M+H-H:O" Cer 18:2;20/24:1 Caal7sNO; 1339 330 0.571 04
30.25 2825 664.6606 [M+H]". [M+H-H:O" Cer 20:1;20/23:0 CasHysNO; 1382 946.2 1219 0.5
29.98 283 676.6604 [M+H]'". [M+H-H,0]" Cer 20:1;20/24:1 CaaHgsNO; 1385 966.7 0.123 0.1
3041 3293 1036.879 IM+H] Cer related molecule CeaH,117NO)o 1.622 3987 3574 24
26.33 2627 6305093 [M+NH,],[M+H]" DG 14:0 226 CsoHesOs 1.283 3483 0275 0.6
2845 262 598.5405 [M+NHL]'. [M+H-H,0]". [M+Na]". [M+H]' DG 16:0_17:1 CsHe:Os 1279 7238 0.023 0.9
2837 2605  610.5396 [M+NH,]' DG 16:0_18:2 C37HesOs 1272 789.5 -1.079 0.9
27.26 2628  632.5247 [M+NH,]' DG 16:0_20:5 CioHeeOs 1284 8785 0.374 1

27.24 257 582.5089 [M+NH,]". [M+Na]* DG 16:1_16:1 CssHeOs 1.254 976.1 -0.539 16
28.19 261.6 6105405 [M+NHL]'. [M+H]'. [M+Na] . [M+H-H,0]" DG 16:1_18:1 Cs7He:Os 1278 860.8 -0.243 1.4
28.54 2648 6245566 [M+NH,]' DG 17:0_18:2 C3sH700s 1294 9389 0.845 13
2842 268.1 6485563 [M-+NH,]" DG 17:0_20:4 CaoH700s 1311 681.6 0319 18
3041 281.1 696.6506 [M+NH,]'. [M+H]'". [M+H-H,0]" DG 18:0 22:1 Ca3Hs:0s 1377 7459 0.609 1.8
29.25 2769  690.6035 [M+NH,]' DG 18:0 22:4 CasH7eOs 1.356 946.6 0.507 1.8
28.88 2668 6385718 [M+NH,]'. [M+H-H,0]". [M+Na]' DG 18:1_18:1 CioH7,0s 1.304 967 0.071 19
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28.04 2666 660.5562 [M+NH,T". [M+H]". [M+Na]" DG 18:1_20:4 CaiHzOs 1.304 800 0.079 1.6
2772 2702 6845567 [MA+NH,]' DG 18:1_22:6 CusHzOs 1322 775.6 0.741 2

27.22 2628  658.5407 [M+NH,]" DG 18:2_20:4 CaiHesOs 1.285 885.6 0.072 18
29.7 2726 654.6029 [M+NH,]". [M+H]" DG 19:0_18:1 CaoH760s 1333 865.5 0.329 1.5
29.14 2734 676.587 [MA+NH,]' DG 19:0_20:4 CaH70s 1338 709.8 0279 1

29.45 2765  690.6037 [MA+NH,]' DG 20:0_20:4 CuaHzeOs 1354 632.8 1.066 15
26.93 2667  682.5407 [M+NH,]" DG 20:4_20:4 CasHesOs 1.305 894.8 0.281 16
29.40 2783 716.6203 [M+H]" DG 20:4_20:4 CasHesOs 1.363 326.7 2.174 2

30.19 2783 682.6345 [M+NH,]". [M+H]' DG 21:0_18:1 CuaHsoOs 1362 920.6 0233 25
29.97 2823 718.636 [MA+NH,]' DG 22:0_20:4 CusHsoOs 1383 789.7 1.875 15
294 2666 6145716 [M+NHL]". [M+Na]". [M+H-H,0]". [M+H]" DG 34:0 C3/H7,0s 1.302 879.4 0.19 0.7
2877 264.1 612.556 [M+NH,]" DG 34:1 C7H70s 129 966.8 0.162 0.7
29.12 2669 6265716 [M+NH,]'. [M+H-H,0] . [M+H]' DG 35:1 CisH7,0s 1.304 910.7 0.355 08
2943 2700 6405876 [M+NH,]'. [M+H]' DG 36:1 C3oH7405 132 854.0 0.247 19
2836 266.4 636.556 [M+NH.T". [M+NH,]". [M+H]" DG 3633 CsoH7,05 1.302 959.7 -0.148 13
29.92 2757 668.619 [M+NH,T". [M+H]". [M+NH,]" DG 38:1 CaiHy:0s 1.349 963.8 0415 16
2941 2720  666.6031 [M+NH,]' DG 3822 CaiHzeOs 1331 9732 -0.401 12
2927 2733 6645871 [M+NH,]". [M+H]". [M+NH,]" DG 3833 CaiH7Os 1337 856.1 0.67 2.1
29.10 2718 664.5869 [M+NH,]' DG 3833 CaiH7Os 1329 960.3 033 15
2829 269 660.5556 [M+NH,]' DG 3855 CaiHyOs 1316 7815 -0.594 17
27.66 2685 6585404 [M+NH,]'. [M+#NH,]". [M+H]' DG 38:6 CaiHesOs 1313 7825 0214 2.1
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30.52 2809  684.6496 [MA+NHL]' DG 39:0 CaaHgOs 1375 6374 0.17 15
29.92 278 694.6347 [MA+NH,]' DG 40:2 Cu3HgoOs 1361 870.4 0579 14
29.65 279.1 692.6189 [M+NH,]" DG 403 Ca3H7:0s 1.366 959.7 0.149 23
2857 2742 6865718 [M+NH,]". [M+H]". [M+NH,]" DG 40:6 CusH7,0s 1342 322 0.06 2.0
30.85 2862  712.6815 [MA+NH,]' DG 41:0 CaaHseOs 1.402 796.6 0.169 05
30.57 284.1 710.6661 [M+NH,T. [M+H]". [M+NH,]" DG 41:1 CaHgiOs 1391 967.9 0.566 1.4
30.14 2806 708.6509 [M+NH,]'. [MH]" DG 41:2 CasHs,0s 1374 755.6 1.202 13
30.74 2872 724.6817 [M+NH,]". [MH]" DG 42:1 CasHssOs 1.407 9672 0.396 16
30.32 2835 7226666 [MA+NH,]' DG 42:2 CusHgiOs 1389 964.6 1317 1.1
28.42 2825  718.6352 [MA+NH,]' DG 42:4 CusHsoOs 1384 708.1 1.095 19
29.69 2825  718.6352 [M+NH,]" DG 42:4 CasHsoOs 1384 708.1 1.095 1.9
30.68 2893 750.6985 [M+NH,]" DG 44:2 CaHssOs 1418 860.6 1.937 0.6
29.88 267.8 616.534 [M+NH,]'. [M+#NH,]'. [M+H]' DG 0-36:6 Ci9HeeOs 1.308 5353 6.807 39
31.1 2834 700.6276 [M+NH,]". [M+H]". [M+NH,]" DG 0-42:6 CusHy:0s 1388 962 5331 2.6
295 3035 830.7098 [M+HT HexCer 18:0;20/24:0;0 CasHosNO, 1.491 348.8 2.014 0.6
30.09 325.1 982.83 [M+HT HexCer 18:0;30/34:2;(20H) CssHiNOjo 1.601 193.6 3.681 1.8
27.16 2845  728.6034 [M+H]. [M+NH,]'. [M+H-H,O]'. [M+H]". [M+H]' HexCer 18:1;20/18:0 CuaHgNOs 1394 816.8 0.612 0.9
26.85 2883 7445989 [M+H] HexCer 18:1;20/18:0;0 CiaHgNO, 1413 789.8 0.987 1.6
25.73 2819 7265883 [M+HT HexCer 18:1;20/18:1 CaaH7sNOs 1.382 358.8 0.698 0.5
28.14 289 756.6351 [M+HT HexCer 18:1;20/20:0 CasHysNOg 1417 775.6 0.827 31
28.89 2938 784.667 [M+H] HexCer 18:1;20/22:0 CagHsoNOs 1.442 706.9 1.076 0.7
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28.15 292.8 782.6511 [M+H]" HexCer 18:1;20/22:1 C46Hg7NOg 1.437 779.1 0.663 0.4
27.89 296 798.6459 [M+H]". [M+H-H,0]" HexCer 18:1;20/22:1;0 C46Hg7NOy 1.453 823.7 0.773 0.1
29.18 296.2 798.6831 [M+H]* HexCer 18:1;20/23:0 C47HoNOg 1.454 775.6 1.725 0.4
29.02 299.9 814.6792 [M+H]". [M+H-H,0]" HexCer 18:1;20/23:0;0 C47Ho1NOy 1.472 826.6 3.241 0.4
29.45 298.7 812.6993 [M+H]". [M+H-H,0]" HexCer 18:1;20/24:0 C4sHosNOg 1.466 7423 2317 0.9
293 302.3 828.6947 [M+H]". [M+H-H,0]*. [M+Na]" HexCer 18:1;20/24:0;0 C4sHosNOg 1.485 825.4 2.877 0.7
28.61 301.2 826.6785 [M+H]". [M+H-H,0]" HexCer 18:1;20/24:1;0 CasHo1NOy 1.479 826.1 2.175 0.4
29.56 303.7 842.7102 [M+H]* HexCer 18:1;20/25:0;,0 Ca9HosNOy 1.492 799.9 3.086 0.2
29.14 301.9 840.6942 [M+H]" HexCer 18:1;20/25:1;0 C4oHosNOg 1.483 482.8 2.195 0.3
28.95 303.8 840.694 [M+H]". [M+H-H,0]" HexCer 18:1;20/25:1;0 C4oHosNOg 1.493 807.5 1.689 0.3
29.91 302.8 840.7298 [M+H]* HexCer 18:1;20/26:0 CsoHy7NOg 1.488 5724 1.388 1.4
29.37 302.9 838.7141 [M+H]". [M+H-H,0]" HexCer 18:1;20/26:1 CsoHosNOg 1.488 510.2 0.989 0.4
29.23 305.8 854.7086 [M+H]". [M+H-H,0]" HexCer 18:1;20/26:1;0 CsoHosNOgy 1.503 744.1 1.131 0.2
30.21 325.7 966.8359 [M+H]" HexCer 18:1;20/34:1;0 CssHi11NOy 1.604 306.4 2.714 1.2
30.38 327.7 1010.863 [M+H]* HexCer 18:1;20/36:1;20 CeoHi15sNOyo 1.614 181.1 2.961 1.6
30.51 329.7 994.868 [M+H]* HexCer 18:1;20/36:1;0 CeoH11sNOy 1.624 396.9 3.812 0.8
30.52 3314 1020.885 [M+H]" HexCer 18:1;20/38:2;0 Ce2H117NOy 1.633 346.5 4.243 1
28.11 294.9 798.6462 [M+H]" HexCer 18:2;20/22:0;0 Ca6Hg7/NOy 1.447 755.8 1.2

27.28 290.9 780.6349 [M+H]* HexCer 18:2;20/22:1 C46HgsNOg 1.427 756.7 0.021 0.4
28.48 297 812.6623 [M+H]". [M+H-H,0]" HexCer 18:2;20/23:0;,0 C47HgoNOgy 1.458 791.4 1.57 0.6
28.24 295.7 808.6667 [M+H]". [M+NH.,]" HexCer 18:2;20/24:1 CasHgoNOg 1.452 619 0.665 0.4
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28.08 298.6 824.6612 [M+H]". [M+H-H,0]" HexCer 18:2;20/24:1;0 C4sHgoNOy 1.466 718.2 -0.153 0.2
29.78 306.1 856.7246 [M+H]". [M+H-H,0]" HexCer 20:1;20/24:0;0 CsoHosNOy 1.504 701.2 1.468 0.7
29.69 310 882.7425 [M+H]* HexCer 20:2;20/26:0;0 Cs;HgoNOg 1.524 5249 3.07 0.8
29.37 300.2 830.6715 [M+HCOO]. [M-HJ HexCer 40:0;20 Ca6Ho1NOg 1.474 868.5 -1.323 0

29.24 302.5 846.6662 [M+HCOO] HexCer 40:0;30 C46Ho1NOy 1.486 747.2 -1.614 0.4
29.48 305.1 860.6815 [M+HCOO]. [M-H]J HexCer 41:0;30 C47HosNOy 1.499 802.7 -1.995 0.1
29.31 303.2 858.6671 [M+HCOO]. [M-HJ HexCer 41:1;30 C47Ho1NOy 1.49 772.5 -0.566 0.4
28.79 299.6 840.6559 [M+HCOO]. [M-H] HexCer 41:2;20 C47HgoNOg 1.472 781.7 -1.325 0.6
29.75 307.8 874.6971 [M+HCOOY]. [M-H] HexCer 42:0;30 C4sHosNOg 1.513 766.6 -2.003 0.2
29.12 302.4 854.672 [M+HCOO] HexCer 42:2;20 C4sHoNOg 1.486 803.9 -0.857 0.1
28.57 301.2 852.656 [M+HCOO]. [M-H] HexCer 42:3;20 CasHgoNOg 1.48 774 -1.158 0

30.02 310.9 900.7131 [M+HCOO]". [M+CI] HexCer 44:1;30 CsoHo7NOy 1.529 727.2 -1.632 0.4
29.48 309.7 898.6977 [M+HCOO]. [M-H]J HexCer 44:2;30 CsoHosNOgy 1.523 748.4 -1.358 0.2
28.53 291.4 770.6499 [M+H]" HexCer 16:1;20/23:0 C4sHg/NOg 1.429 687.5 -0.802 0.4
7.51 2343 526.3152 [M+HCOO] LPC 15:0 Co3HusNO/P 1.14 953.6 0.258 1.1
9.76 237.8 540.3306 [M+HCOO] LPC 16:0 C,4HsoNO;P 1.158 925.9 0.174 22
12.91 241.7 554.3464 [M+HCOO]J LPC 17:0 C,sHs,NO,P 1.178 1000 0.143 1.1
14.54 245.2 568.3619 [M+HCOO] LPC 18:0 C,6Hs4NO,P 1.195 957.17 -0.201 1

10.12 236.8 522.355 [M+H]* LPC 18:1 C,Hs:NO;P 1.152 956.2 -0.476 0.1
15.22 245 538.3866 [M+H]* LPC 19:0 C,7HsNO;P 1.193 962.4 -0.024 1.2
12.74 240.2 536.3707 [M+H]" LPC 19:1 Cy7Hs4NO,P 1.17 997.3 -0.643 1.5
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16.3 2498 552402 [M+H] LPC 20:0 CasHssNO-P 1217 998.4 0.577 13
14.4 2439 5503864 [M+H]'". [M+Na]' LPC 20:1 CasHsNO-P 1.188 979.8 -0.652 15
13.66 2458 5503863 [M+H]" LPC 20:1 CasHssNO;P 1.197 9942 -0.901 1.6
8.09 243 583.3306 [M+HCOO]". [M+CI] LPC 20:4 CasHsoNOP 1.186 924 -0.196 1.5
7.6 2431 588.3307 [M+HCOO] LPC 20:4 CasHsoNOP 1.186 856.3 0.112 1.6
16.83 2503 5784179 [M+H]". [M+Na]' LPC 22:1 C0HpNO-P 1221 9585 -0.269 1.4
11.71 2493 6163615 [M+HCOO] LPC 22:4 Cs0HsNOP 1218 895.8 -0.733 1.4
7.54 2466 6123302 [M+HCOO] LPC 22:6 Ci0HssNOP 1.204 870.1 0.07 1.5
22.93 2608 6084653 IM+H] LPC 24:0 CxHeNOP 1273 9498 0.168 0.7
19.57 2563  606.4491 IM+H] LPC 24:1 C3:HgNO,P 1251 979.6 -0.664 0.9
727 2064 4382635 [M-HT LPE 15:0 CaoHiNO;P 0.999 934.8 1.875 23
9.48 2104 4522789 [M-HT LPE 16:0 Cy1HyuNO,P 1.019 982.1 1.41 2.9
527 2074 4502632 [M-HJ LPE 16:1 CoHiNOsP 1.005 9785 1237 31
14.77 2177 4803102 [M-HJ LPE 18:0 Cp3HysNOsP 1.057 976.8 1.463 27
12.11 214.1 4782944 [M-HT LPE 18:1 C3HygNO,P 1.039 979.1 0.978 28
12.96 2194 4943254 [M-HT LPE 19:0 Ca4HsyNOP 1.066 2022 0.462 0.5
13.1 2188 4923102 [M-HJ LPE 19:1 Ca4HysNOP 1.063 970.6 1376 25
17.06 2246 5083412 [M-HT LPE 20:0 CasHsNO;P 1.092 9702 0.63 28
14.71 2224 506.3258 [M-HT LPE 20:1 CasHsyNOP 1.081 9754 1.187 31
13.94 231.1 508.3393 [M+HT LPE 20:1 CasHsyNO;P 1124 983.8 0.975 1.1
13.76 2309 5083392 [M+H] LPE 20:1 CasH5oNO,P 1.122 982.8 0.82 1
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13.08 221.6 504.31 [M-HJ LPE 20:2 C,sHygNO,P 1.077 963.4 1.095 33
12.77 221.2 504.31 [M-HJ LPE 20:2 C,sHygsNO,P 1.075 968.3 1.019 32
9.91 217.7 502.2943 [M-HJ LPE 20:3 C,sHy6NO/P 1.058 961.3 0.594 2.3
7.47 216.9 500.2789 [M-HJ LPE 20:4 C,sHyaNO,P 1.054 969.9 1.112 33
4.74 2159 498.2631 [M-HJ LPE 20:5 C,sHpNOsP 1.049 951.4 0.666 2.7
15.98 2254 520.3411 [M-HJ LPE 21:1 CysHsNO7P 1.097 950.3 0.582 2.3
17.31 229.1 534.3568 [M-HJ LPE 22:1 Cy7Hs4NO,P 1.115 960.4 0.484 2.8
17.59 229.9 534.3568 [M-HJ LPE 22:1 C,7Hs4NO;P 1.119 983.3 0.575 32
15.62 227.8 532.341 [M-HJ LPE 22:2 C,7Hs2NO,P 1.109 983.5 0.468 2.6
13.55 224.7 530.325 [M-HJ LPE 22:3 C,7Hs5oNO7P 1.094 950.6 -0.065 29
14.05 2259 530.3254 [M-HJ LPE 22:3 C,7HsoNO,P 1.099 981.9 0.363 34
13.08 233.1 532.339 [M+H]* LPE 22:3 C,7HsoNO/P 1.135 781.4 -1.424 1.8
11.89 2232 528.3096 [M-HJ LPE 22:4 Cy7H4sNO,P 1.086 963.5 0.032 2.6
10.17 229.7 530.3238 [M+H]" LPE 22:4 Cy7H4sNO,P 1.118 986.6 -0.65 13
9.04 222.1 526.2937 [M-H] LPE 22:5 C,7H46NO/P 1.081 966.9 -0.324 33
7.38 221.5 524.2791 [M-H] LPE 22:6 Cy7H4sNO/P 1.078 834.7 0.872 34
13.29 229.5 554.3251 [M-HJ LPE 24:5 CyHs5oNO,P 1.118 969.5 -0.141 32
12.82 229 554.3235 [M-HJ LPE 24:5 Cy9Hs5oNO,P 1.116 988.9 -3.716 29
11.34 227.8 552.3089 [M-H] LPE 24:6 CroH4sNO/P 1.11 506.4 -1.467 2.3
26.91 275.8 726.5429 [M+H]* LPE 36:4 C41H76NO/P 1.352 964.1 -0.436 0.7
27.71 281.7 754.5738 [M+H]" LPE 38:4 C43HgoNO,P 1.382 924.7 -1.167 0.3
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12.43 209.6 436.2841 [M-HJ LPE O-16:1 C31HyNOGP 1.015 832 1.808 3

15.86 216.5 464.3152 [M-HJ LPE O-18:1 Ca3HygsNOGP 1.05 838.5 1.641 34
15.88 224.0 464.3155 [M-HJ LPE O-18:1 C3HysNOGP 1.086 383.7 1.657 7

13.28 214.9 462.2997 [M-HJ LPE O-18:2 C3Hy6NOGP 1.042 831.9 1.528 3.8
15.59 229.5 492.3443 [M+H]" LPE 0-20:2 C,sHsoNOGP 1.115 925.9 -1.389 2.3
10.58 221.1 509.2889 [M-HJ LPG 18:1 C24H4700P 1.075 909.6 0.807 0.1
6.83 2239 531.273 [M-HJ LPG 20:4 C6HisO0P 1.09 967.3 0.365 34
4.52 229.6 557.2731 [M-HJ LPI 15:0 Cp4H47,01,P 1.119 950.1 -0.423 33
7.00 2329 571.289 [M-HJ LPI 16:0 C1sHyO1,P 1.136 831.3 0.315 35
12.86 2399 599.3202 [M-HJ LPI 18:0 Cy7Hs301,P 1.171 835.8 -0.022 2.7
9.51 236.4 597.305 [M-HJ LPI18:1 Cy7Hs,01,P 1.154 838.6 0.699 2.3
4.66 240.6 619.2887 [M-H] LP120:4 Cr9H401,P 1.175 956.8 -0.239 32
5.41 240.7 619.2886 [M-HJ LP120:4 CyoHy01,P 1.176 821.5 -0.446 33
4.66 244.5 643.2889 [M-HJ LPI122:6 C31Hy01,P 1.195 9223 0.216 3.1
4.76 216.2 482.2529 [M-H] LPS 15:0 C, Hsy,NOoP 1.05 854.1 0.931 3.1
7.94 2243 522.2813 [M-H] LPS 18:1 C4H46NOoP 1.091 825.3 0.125 3.1
4.82 230.4 568.2684 [M-HJ LPS 22:6 CysH44NOoP 1.123 800.1 0.322 29
25.00 282 750.5281 [M+HCOOJ PC 14:0_16:0 C33H76NOgP 1.383 897.5 -1.410 0.9
23.15 280.3 748.5123 [M+HCOO] PC 14:0_16:1 C33H74NOgP 1.374 863.8 -1.520 0.7
25.78 281.0 720.5544 [M+H]* PC 15:0_16:0 C30H7sNOsP 1.377 994.0 0913 0.2
27.34 291.7 804.5749 [M+HCOO]J PC 16:0_18:1 C4Hg;NOgP 1.432 540.2 -1.268 0.1
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25.57 289.8 802.5594 [M+HCOOJ PC 16:0_18:2 C42HgoNOsP 1.422 952.1 -1.137 0.1
25.60 283.6 758.5702 [M+H]" PC 16:0_18:2 C42HgoNOsP 1.391 994.2 1.158 0.6
29.19 280.7 772.5849 [M-HJ PC 16:0_20:1 C43HgaNOgP 1.377 923.9 -1.612 0.8
25.13 283.6 758.5707 [M+H]* PC 16:1_18:1 C4HgoNOsP 1.391 616.9 1.461 0.6
28.99 294 790.6317 [M+H]" PC 18:0_18:0 C44HgsNOgP 1.443 931.9 -0.782 0.6
28.92 302.6 860.6372 [M+HCOO] PC 18:0_20:1 C46HooNOsP 1.487 860.4 -1.607 0.3
27.69 299.5 856.6061 [M+HCOO] PC 18:0_20:3 C46HgeNOsP 1.472 5224 -1.399 0.3
23.32 289.6 830.5716 [M+H]". [M+Na]*. [M+H]* PC 18:2_22:6 CasHgoNOgP 1.422 996.9 2.614 0.7
30.01 311.0 902.6852 [M+HCOO] PC 19:1_22:0 C4oHosNOsP 1.53 630.5 -0.903 0.4
23.71 298.5 874.5589 [M+HCOO] PC 20:4_20:4 C4gHgoNOgP 1.467 740 -1.921 13
17.44 248.7 592.3968 [M+H]* PC22:1 C30HssNOgP 1.214 600.9 -0.734 0.5
30.26 313.2 916.7004 [M+HCOO] PC 24:0_18:1 CsoHosNOgP 1.541 625.1 -0.843 0.3
22.54 273.2 678.5068 [M+H]". [M+Na]" PC 28:0 C36H7,NOgP 1.337 998 0.167 0.1
23.69 2759 692.5233 [M+H]" PC 29:0 C37H74NOgP 1.351 552.8 0.974 0.1
24.69 278.8 706.5389 [M+H]* PC 30:0 C33H76NOsP 1.366 996.6 1.237 0.2
23.97 278.1 718.5386 [M+H]* PC31:1 C39H76NOsP 1.363 988.1 0.483 0.2
26.53 284.4 734.5713 [M+H]" PC 32:0 C4oHgoNOsP 1.394 997.8 2.731 0.4
25.71 282.1 732.5544 [M+H]" PC 32:1 C4oH7sNOgP 1.383 994.9 0.789 13
25.47 285.8 776.5436 [M+HCOO] PC 32:1 C4oH7sNOsP 1.402 836.3 -1.391 0.5
25.21 285.8 776.5438 [M+HCOO]. [M+CI] PC 32:1 C4oH7sNOsP 1.402 886.4 -1.145 0.5
23.32 2783 730.5388 [M+H]" PC 32:2 C4oH76NOgP 1.364 997.0 0.869 0.2
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2297 2773 7285232 [M+H] PC 32:3 CaoH7NOgP 1359 992.8 1.019 03
27.60 2903 7925746 [M+HCOO] PC 33:0 CaiHgNOGP 1425 3633 -1.782 02
26.00 2836 7465703 [M+H]" PC 33:1 CaHsoNOgP 1.390 993.8 1207 0.5
24.28 2809 7445548 [M+H]" PC 3322 CaiHzsNOgP 1377 946.2 1.361 0.5
28.09 293 806.5904 [M+HCOOT PC 34:0 CaaHgNOGP 1438 826.3 -1.534 0.1
27.83 289.1 762.6025 [M+H]". [M+Na]". [M+H]" PC 34:0 CaaHgNOGP 1418 995 226 04
26.94 2917 8045757 [M+HCOO] PC 34:1 Ca2HpNOGP 1.432 803.8 035 0.1
25.82 285.1 758.5702 [M+H]" PC 342 CaaHgoNOGP 1.398 996.5 0.96 0.1
23.65 281 756.5545 IM+H] PC 34:3 CaaHzsNOGP 1378 9954 1.051 08
23.04 280.3 754539 IM+H] PC 34:4 CaaHzsNOGP 1375 996.8 1.126 08
2746 289.1 774.603 [M+H]" PC 35:1 CasHyNOGP 1.418 884.7 2.67 0.6
26.19 2867 772.5866 [M+HT PC 3522 CasHpNOGP 1.406 9254 2.687 04
24.09 2833 768.5546 [M+H] PC 35:4 CusHysNOgP 139 993.1 1.146 02
27.93 2916 788.6186 [M+H] PC 36:1 CasHgsNOP 1431 994.6 2.981 13
27.18 2892 786.6018 [M+HT PC 362 CasHyNOGP 1.419 996.1 1.131 0.7
26.39 2885 784.586 [M+HT PC 36:3 CasHyNOGP 1415 995.0 13 2.0
25.94 2875 7845859 [M+H] PC 36:3 CasHyNOGP 1411 992.0 1.039 03
25.36 2933 826.5601 [M+HCOOT". [M+CI PC 36:4 CasHgoNOP 1.44 890.4 -0.256 04
25.04 286.6 7825716 [M+H]". [M+K]'". [M+H]'". [M+Na]' PC 36:4 CasHgoNOGP 1.406 996.5 2758 1.4
23.83 2837 780.5551 [M+HT PC 36:5 CasHzsNOGP 1.392 9952 1.73 0.5
2334 2837 7805555 [M+H] PC 36:5 CasHzsNOGP 1392 995.8 2.121 03
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22.51 282.7 778.5394 [M+H]". [M+Na]" PC 36:6 C44H76NOgP 1.387 995.7 1.625 0.6
21.99 281.4 778.5383 [M+H]" PC 36:6 C44H76NOgP 1.381 995.4 0.733 1.8
24.28 286.4 794.5705 [M+H]* PC 37:5 C4sHgoNOgP 1.406 995.2 1.529 0.4
23.58 285.7 792.5556 [M+H]* PC 37:6 C4sH7sNOgP 1.402 988.5 2372 0.6
28.95 296.3 816.6493 [M+H]" PC 38:1 C46HooNO3P 1.455 993.7 2.012 0.9
27.45 292.7 812.6168 [M+H]" PC 38:3 C4HssNOsP 1.437 994.5 0.481 0.6
26.68 298.5 854.5906 [M+HCOO] PC 38:4 Cy46HgaNOgP 1.467 918.5 -1.277 0.4
26.14 290.5 810.6011 [M+H]* PC 38:4 Cy46HgaNOgP 1.426 997.0 0.608 0.5
26.38 291.2 810.6023 [M+H]" PC 38:4 C4sHs4sNOgP 1.43 995.1 2.018 0.2
25.21 289.6 808.5866 [M+H]" PC 38:5 C4sHsNOgP 1.422 995.0 1.97 0.7
25.81 290.2 808.5855 [M+H]* PC 38:5 C46Hg:NOgP 1.425 994.7 0.304 0.6
24.5 289.4 806.5709 [M+H]* PC 38:6 C46HgoNOsP 1.421 995.7 1.83 0.5
23.79 287.3 806.5713 [M+H]" PC 38:6 C46HgoNOgP 1.411 994.1 2.293 0.7
22.81 286.2 804.5553 [M+H]" PC 387 Cy46H7sNOgP 1.405 994.6 1.494 0.6
23.45 286.9 804.5549 [M+H]* PC 38:7 C46H7sNOsP 1.409 993.9 1.444 0.1
29.31 299 830.6665 [M+H]* PC 39:1 C47Ho,NOgP 1.468 800.6 3.035 13
27.57 294 824.6205 [M+H]" PC 39:4 C47HgsNOgP 1.444 657.9 5.363 0.4
26.25 291.8 822.6011 [M+H]" PC 39:5 C47HgaNOgP 1.433 995 0.447 0.8
25.7 291.1 820.5867 [M+H]* PC 39:6 C47Hg:NOgP 1.43 995 1.643 0.2
23.84 289.4 818.5714 [M+H]* PC 39:7 C47HgoNOsP 1.421 993.7 2.223 0.1
27.98 303.8 882.6218 [M+HCOO]J PC 40:4 Ca4sHgsNOgP 1.494 793.8 -1.386 0.5
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2775 2966 838.6336 [M+H] PC 40:4 CasHgsNOgP 1457 996.7 2.075 08
2751 2958 838.6317 [M+H] PC 40:4 CasHgsNOgP 1453 9743 0313 1.1
26.93 294.8 836.6161 [M+H]" PC 40:5 CasHssNOgP 1.448 983 0275 0.7
27.40 2956 836.6156 [M+H]" PC 40:5 CasHysNOgP 1.452 991.4 -0.256 04
26.76 301.8 878.591 [M+HCOOT PC 40:6 CasHgNOgP 1484 848 -0.681 08
26.44 294.1 834.6032 IM+H] PC 40:6 CasHgNOGP 1.444 996.1 2.951 04
24.76 2923 832.5875 [M+H]" PC 40:7 CusHpNOGP 1.436 995.6 2.934 0.5
2425 2914 8325863 [M+H]" PC 40:7 CusHpNOGP 1.431 991.6 1.361 0.5
24.61 2995 876.575 [M+HCOO] PC 40:7 CasHyNOGP 1472 692.1 -1.191 0.9
22.03 2877 8285557 IM+H] PC 40:9 CasHysNOgP 1413 768.5 2394 0.7
29.18 301.8 856.6828 [M+H]" PC 412 CasHosNOGP 1.483 979.8 2.735 13
25.77 2944  846.6025 [M+HT PC 41:7 CasHyNOGP 1.447 834.6 2.015 0.6
22.85 292 8545722 [M+H]". [M+Na]". [M+H]". [M+Na]". [M+K]" PC 42:10 CsoHgoNOgP 1435 9955 3.199 0.6
21.56 2902 8525563 [M+H] PC 42:11 CsoH7sNOsP 1.426 979.1 2.944 0.9
29.61 311.8 914.685 [M+HCOO] PC 422 CsoHosNOgP 1.534 817.1 0.615 0.5
28.49 300.8 866.6651 [M+HT PC 42:4 CsoHo:NOGP 1.478 995.1 2.023 0.6
27.78 299.1 862.6328 [M+H] PC 42:6 CsoHgsNOgP 147 965.5 0.853 04
26.04 296.1 860.6184 [M+H] PC 42:7 CsoHgsNOP 1.455 989.4 242 03
2648 2972 860.6183 [M+HT PC 42:7 CsoHgsNOgP 1.461 9942 2.23 0.5
25.05 2946 858.6025 [M+HT PC 42:8 CsoHyNOP 1.447 995 2.075 0.7
24.82 2953 858.6022 [M+H] PC 42:8 CsoHgNOP 1451 988.1 1.737 04
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23.78 293.2 856.5868 [M+H]" PC 42:9 CsoHgNOgP 1.441 989.1 2 0.6
23.29 293.7 856.585 [M+H]" PC 42:9 CsoHgNOgP 1.443 919.5 0.217 0.4
24.18 294.6 856.5867 [M+H]* PC 42:9 CsoHg;NOgP 1.448 995 1.867 0.1
29.98 305.7 884.7132 [M+H]* PC 43:2 Cs1HosNOgP 1.503 992.1 3.478 1.7
24.29 2973 882.6028 [M+H]" PC 44:10 Cs;HgsNOgP 1.462 995.4 2379 0.6
23.68 296.9 880.5861 [M+H]" PC 44:11 Cs;HgoNOgP 1.46 972.7 1.078 0.1
23.05 295 880.5864 [M+H]* PC 44:11 Cs,Hg,NOgP 1.45 992.7 1.475 0.6
2237 294.4 878.5733 [M+H]* PC 44:12 Cs,HgoNOsP 1.447 997.9 4418 0.6
30.21 317 942.7155 [M+HCOO] PC 44:2 CszH00NOsP 1.56 642 -1.897 0.4
30.45 309.6 898.7302 [M+H]" PC 44:2 CszH00NOsP 1.523 995.1 4.699 1.4
29.75 302.3 896.7143 [M+H]* PC 44:3 Cs;HosNOgP 1.486 995 4.512 29
26.38 299.1 886.6336 [M+H]* PC 44:8 Cs,HgsNOgP 1.471 997.5 2.07 1.1
26.00 301.9 910.6345 [M+H]" PC 46:10 Cs4HgsNOgP 1.485 953.4 2.677 1.6
23.67 299.8 906.6022 [M+H]" PC 46:12 Cs4HgyNOgP 1.475 991.7 1.477 1

27.76 287.1 764.5786 [M+HCOO] PC 0-16:0_16:0 C4oHg,NO/P 1.408 943.1 -2.972 0.9
28.78 296.5 818.6276 [M+HCOO] PC 0-16:0_20:1 Ca44HgsNO/P 1.456 767.3 -0.348 0.2
28.78 292.4 792.6099 [M+HCOO]J PC O-18:0_16:0 C4pHgsNO,P 1.435 935.2 -3.649 0.7
26.11 280 692.559 [M+H]" PC 0-30:0 C;33H7sNO/P 1.371 999.8 0.228 1.1
25.82 27173 690.5434 [M+H]* PC 0-30:1 C33H76NO/P 1.357 777.1 0.309 0.6
27.57 285.2 720.5897 [M+H]* PC 0-32:0 C4oHg,NO-P 1.398 998.1 -0.357 0.4
27.39 282.9 718.5748 [M+H]" PC 0-32:1 C4oHgoNO,P 1.386 996.6 0.474 0.3
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26.05 280.2 716.5592 [M+H]" PC 0-32:2 C4H7sNO7P 1.373 750.1 0.506 0.4
28.95 290.3 748.6192 [M+H]" PC 0-34:0 C4,HgsNO7P 1.423 999.4 -3.249 0.2
27.62 288 746.6065 [M+H]* PC 0-34:1 C4HgaNO/P 1.412 999.2 1.052 0.5
27.65 290.6 788.5829 [M+HCOO] PC O-34:2 C4Hg:NO,P 1.426 474.6 2.974 0.8
27.44 286.4 744.5905 [M+H]" PC 0-34:2 C4HgNO7P 1.404 995 0.713 1.1
23.21 280.4 738.544 [M+H]" PC 0-34:5 C4H76NO7P 1.375 999.8 1.262 0.5
21.37 278.5 780.5172 [M+HCOO] PC 0-34:6 C4H74NO/P 1.366 564.7 -1.658 1.8
23.92 283.1 752.5596 [M+H]* PC 0-35:5 C43H7sNO,P 1.388 999.8 0.852 0.4
26.30 276.8 748.5289 [M+H]" PC 0-35:7 C43H7NOsP 1.357 667.1 1.649 1.0
29.41 297.5 820.6418 [M+HCOO] PC 0-36:0 C44HgoNO,P 1.461 7413 -2.05 1.0
28.70 296.4 816.6125 [M+HCOO] PC 0-36:2 C44HgeNO/P 1.455 849.7 -0.265 1.1
28.50 291.6 772.6228 [M+H]* PC 0-36:2 Ca44HgeNO/P 1.431 996.7 1.356 0.9
26.35 287.4 768.5903 [M+H]" PC O-36:4 C44Hg:NO,P 1.41 998.9 0.103 0.1
26.09 285.4 766.5739 [M+H]" PC 0-36:5 C44HgoNOP 1.4 405.7 -1.03 0.1
14.53 297.9 824.5805 [M+HCOO] PC O-37:5 C4sHg,NO/P 1.463 200.6 -0.52 2.0
28.49 294.6 798.6396 [M+H]* PC O-38:3 C46HgsNO/P 1.446 996.6 3.194 2.1
26.4 290.5 794.6058 [M+H]" PC O-38:5 C46HgaNO,P 1.426 976.9 -0.717 0.4
26.21 289.3 792.5897 [M+H]" PC O-38:6 C46Hg:NO/P 1.42 987.5 -0.525 0.7
25.88 289.8 792.5895 [M+H]* PC 0-38:6 C46Hg:NO5P 1.423 996.1 -0.821 0.5
27.19 293.8 818.6068 [M+H]* PC 0-40:7 Ca4sHgaNO/P 1.443 999.8 1.118 0.2
29.12 273.4 728.559 [M-HJ PC P-18:1_16:0 C41HgoNO/P 1.34 200.5 -1.264 3.1
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28.55 276.5 752.5565 [M-HJ PC-O-15:0_20:4 C43HgoNO,P 1.356 785.5 -5.841 2.6
23.57 271 712.4911 [M+H]" PE 14:0_20:4 C3oH70NOgP 1.328 795.1 -0.004 1.6
23.99 264 710.4764 [M-HJ PE 14:0_20:4 C39H70NOgP 1.293 926 -0.043 2.5
23.04 272.2 736.492 [M+H]* PE 14:0_22:6 C41H70NOsP 1.334 930.4 1.155 1.0
27.75 267.6 716.5223 [M-HJ PE 16:0_18:1 C3oH76NOgP 1.311 3235 -1.88 1.4
26.13 276.7 740.526 [M+H]" PE 16:0_20:4 C41H74NOgP 1.356 939.8 4.24 1.2
23.86 272.6 738.5075 [M+H]* PE 16:1_20:4 C41H7,NOsP 1.336 944.7 0.795 13
29.82 289.2 786.6059 [M+H]* PE 17:1_22:1 C44HgaNOgP 1.419 661.8 6.696 0.7
28.58 269.2 718.5384 [M-HJ PE 18:0_16:0 C3oH7sNOgP 1.319 896.6 -1.135 13
28.08 284.3 770.5703 [M+H]" PE 18:0_18:0 C43HgoNOgP 1.394 919.6 1.371 0.1
28.90 286.7 774.6021 [M+H]* PE 18:0_20:1 C43HgaNOgP 1.407 963.3 1.902 0.1
28.33 271.1 768.5531 [M-H] PE 18:0_20:3 C43HgoNOsP 1.362 305.2 -2.187 1.1
28.59 2793 770.5692 [M-HJ PE 18:1_20:1 Cy43Hg:NOgP 1.37 886.0 -1.662 1.0
28.58 289.3 798.6016 [M+H]" PE 18:1_22:2 C45HgaNOgP 1.42 387.4 1.785 1.1
24.16 269.1 714.5076 [M+H]* PE 18:2_16:1 C39H7,NOsP 1.318 979.9 1.368 0.1
24.25 276.3 786.5069 [M-H] PE 18:2 22:6 C4sH74NOgP 1.356 899.3 -1.274 1.8
28.44 294.2 802.6373 [M+H]" PE 20:0_20:1 C45HgsNOgP 1.444 316.8 6.655 0.8
26.15 288.8 796.5864 [M+H]" PE 20:0_20:4 C4sHg;NOgP 1.417 991.1 1.598 0.7
28.53 278.5 768.5537 [M-H] PE 20:3_18:0 C43HgoNOsP 1.366 944.7 -1.119 1.5
26.58 270 738.507 [M-H] PE 20:4_16:0 C41H74NOgP 1.324 921.8 -1.231 1.6
24.28 267.9 736.4915 [M-HJ PE 20:4_16:1 C41H7,NOgP 1.313 873.2 -1.158 1.6
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27.89 276.6 766.5388 [M-HJ PE 20:4_18:0 C43H7sNOgP 1.357 912.1 -0.644 1.2
26.59 274.5 764.5225 [M-HJ PE 20:4_18:1 C43H76NOgP 1.346 910.5 -1.274 1.2
24.09 279.4 788.5252 [M+H]* PE 20:4_20:4 C4sH74NOgP 1.371 737.4 3.532 0.2
23.03 275 784.4915 [M-HJ PE 20:4_20:5 C4sH7,NOgP 1.35 899.5 -1.113 0.3
25.00 2733 762.5073 [M-HJ PE 20:5_18:1 C43H7NOgP 1.34 696.1 -0.887 0.8
14.97 233.7 536.3345 [M+H]" PE 21:1 C1sHsoNOgP 1.138 982.2 -0.499 1.6
28.53 282.7 794.5696 [M-HJ PE 22:4 18:0 C4sHg:NOgP 1.388 928.6 -1.003 0.3
23.71 271.9 760.4915 [M-HJ PE 22:6_16:1 C43H7,NOgP 1.333 862.4 -1.05 1.1
25.82 278.9 788.5226 [M-HJ PE 22:6_18:1 C4sH76NOgP 1.369 800.1 -1.254 13
25.36 285.8 838.5381 [M-HJ PE 22:6_22:4 C4oH7sNOgP 1.404 856.7 -1.379 0.6
17.42 245.9 578.3804 [M+H]* PE 24:1 C9Hs6NOsP 1.199 997.5 -2.302 0.6
17.43 252.8 628.3973 [M+H]* PE 28:4 C33HssNOgP 1.235 383.7 0.248 1.9
27.25 274.9 718.5386 [M+H]" PE 34:1 C39H76NOgP 1.347 952.5 0.617 0.8
26.12 272.2 716.523 [M+H]" PE 34:2 C39H74NOgP 1.333 965.4 0.783 0.8
28.63 2742 744.5548 [M-H] PE 36:1 C41HgoNOsP 1.344 407.5 -0.161 2.0
28.22 280.8 746.5705 [M+H]* PE 36:1 C41HgoNOsP 1.377 897.0 1.478 1.0
27.33 277.8 744.5542 [M+H]" PE 36:2 C41H7sNOgP 1.362 944 0.582 0.7
27.82 272.2 742.538 [M-HJ PE 36:2 C41H7sNOgP 1.335 793.7 -1.736 0.8
26.32 275.4 742.5395 [M+H]* PE 36:3 C41H76NOsP 1.35 951.4 1.828 0.7
243 273.6 738.508 [M+H]* PE 36:5 C41H72NOsP 1.341 938.7 1.733 0.1
24.44 273.1 760.4938 [M-HJ PE 37:0 C43H7,NOgP 1.339 392.7 2.154 1.7
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24.1 2754 750.5082 [M+H]" PE 37:6 C4H7NOgP 1.35 891.1 1.891 0.4
27.38 282.3 768.5548 [M+H]" PE 38:4 C43H7sNOgP 1.385 939.8 1.413 0.1
26.02 278.1 766.539 [M+H]* PE 38:5 C43H76NOgP 1.367 8755 1.083 0.4
25.17 278.4 764.5238 [M+H]* PE 38:6 C43H74NOgP 1.366 9253 1.832 0.5
23.33 275 762.508 [M+H]" PE 38:7 C43H7NOgP 1.349 915.4 1.493 0.2
29.20 285 798.601 [M-HJ PE 40:2 C4sHgsNOgP 1.399 662.1 -0.994 0.2
28.09 287.3 796.5862 [M+H]* PE 40:4 C4sHg:NOgP 1.41 945.9 1.382 0.4
27.89 287.5 796.5859 [M+H]* PE 40:4 C4sHg:NOgP 1.411 968.1 1.243 0.3
27.58 280.6 790.5396 [M-HJ PE 40:6 C4sH7sNOgP 1.377 938.0 0.458 2.4
23.80 286.5 822.5296 [M-HJ PE 40:6 C4sH7sNO 0P 1.407 792.0 0.395 2.4
23.80 278.9 788.5237 [M+H]* PE 40:8 C4sH74NOgP 1.369 906.2 1.656 0.4
27.1 287.3 818.5705 [M+H]* PE 42:7 C47HgoNOsP 1.411 1000 1.177 1.1
24.01 284.4 836.5224 [M-HJ PE 44:11 C49H76NOgP 1.397 794.7 -1.607 0.5
23.35 283.6 834.508 [M-HJ PE 44:12 C49H74NOgP 1.393 956.6 0.147 0.5
22.85 284.7 836.5246 [M+H]* PE 44:12 C49H74NOgP 1.398 944.1 2.55 0.4
24.14 289.9 864.5564 [M+H]* PE 46:12 Cs1H7sNOgP 1.425 918.2 3.029 0.1
30.80 324.7 994.8195 [M-HJ PE 54:2 CsoH;14NOgP 1.599 584.3 -1.426 0.8
30.51 3233 992.8041 [M-HJ PE 54:3 CsoH;12,NOgP 1.592 611.6 -1.149 0.8
30.80 3242 1020.836 [M-H] PE 56:3 Ce1Hi16NOsP 1.597 633.0 -1.23 2.3
30.40 3233 1016.804 [M-H] PE 56:5 Ce1Hi12NOsP 1.592 390.9 -2.686 1.7
30.05 3235 1012.771 [M-HJ PE 56:7 Ce1Hi0sNOsP 1.594 366.8 -2.872 0.7
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29.96 280.8 758.6039 [M-HJ PE O-18:1_20:0 C43HgsNO7P 1.377 969.3 -3.463 2.7
28.4 267 700.5279 [M-HJ PE O-18:2_16:0 C3oH76NO7P 1.308 304.1 -1.257 2.5
28.06 276 704.5575 [M+H]* PE 0O-34:1 C39H7sNO,P 1.352 963.4 -1.971 1.5
27.94 2743 702.5434 [M+H]* PE O-34:2 C39H76NO,P 1.343 869.5 0.44 1.5
26.86 272.2 700.5281 [M+H]" PE 0-34:3 C3H7NO,P 1.333 930.9 0.783 1.2
28.29 277 716.5599 [M+H]" PE 0-35:2 C4H7sNO7P 1.357 914.6 0.951 1.2
28.7 269.9 714.543 [M-HJ PE O-35:2 C4oH7sNO,P 1.322 806.2 -1.857 2.1
28.64 279.9 730.5756 [M+H]* PE 0O-36:2 C41HgoNO/P 1.372 926.6 1.203 1.0
28.04 278.1 728.5593 [M+H]" PE 0-36:3 C4H7sNO7P 1.363 949 0.462 13
28.44 271.7 726.5436 [M-HJ PE 0-36:3 C4H7sNO7P 1.331 744.5 -0.758 1.1
27.26 269.7 722.5121 [M-HJ PE 0O-36:5 C4H74NO/P 1.322 985.6 -1.214 3

24.02 270.7 720.4984 [M+H]* PE O-36:7 C41H70NO/P 1.326 860.5 2.635 1.4
28.96 2823 744.5914 [M+H]" PE O-37:2 C4Hg:NO,P 1.384 817.4 1.39 0.9
28.70 274.8 740.5587 [M-HJ PE O-37:3 C42HgoNO,P 1.347 806.4 -1.764 29
29.48 279.7 756.5908 [M-H] PE O-38:2 C43HgaNO/P 1.372 973.8 -0.518 2.8
29.06 278 754.5744 [M-H] PE 0O-38:3 C43Hg:NO/P 1.363 956.3 -1.558 29
28.51 282.2 754.5751 [M+H]" PE O-38:4 C43HgoNO,P 1.384 940.5 1.046 1.1
28.46 276.3 750.5433 [M-HJ PE O-38:5 C43H7sNO,P 1.355 9743 -1.176 3

27.33 274.2 748.5279 [M-H] PE O-38:6 C43H76NO/P 1.344 974 -0.781 2.7
29.74 282.4 770.6059 [M-H] PE 0-39:2 C44HgeNO/P 1.385 811.1 -0.88 2.8
29.53 288 772.6224 [M+H]" PE 0-39:2 C44HgNO/P 1.413 629.4 2.032 0.2
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28.96 285.5 770.6066 [M+H]" PE 0-39:3 C44HgNO,P 1.401 822.4 0.824 0.1
28.55 278.9 764.5601 [M-HJ PE 0-39:5 C44HgoNO,P 1.368 980.1 -0.251 3.1
28.71 279.1 764.5599 [M-HJ PE 0-39:5 C44HgoNO/P 1.369 988.2 -0.269 2.4
29.24 288.6 784.6222 [M+H]* PE 0-40:3 C4sHgeNO/P 1.416 827.7 1.309 0.4
29.24 283.2 780.5899 [M-HJ PE 0-40:4 C4sHgsNO,P 1.390 967.9 -1.689 2.6
28.81 281.8 778.5751 [M-HJ PE 0-40:5 C4sHg:NO7P 1.382 972.9 -0.95 2.5
26.33 280.2 774.5443 [M+H]* PE 0-40:8 C4sH76NO/P 1.375 928.1 1.467 0.1
24.79 278.2 772.5279 [M+H]* PE 0-40:9 C4sH74NO,P 1.365 679.6 0.469 0.3
30.13 288.7 798.6373 [M-HJ PE O-41:2 C4sHooNO7P 1.417 816.7 -1.021 0.7
29.73 286.5 796.6218 [M-HJ PE 0-41:3 C4HssNO7P 1.406 881.9 -0.926 0.8
30.34 291.8 812.6529 [M-HJ PE O-42:2 C47Ho,NO,P 1.433 920.9 -1.256 2.6
29.93 290.1 810.637 [M-H] PE 0-42:3 C47HooNO/P 1.425 793.5 -1.506 2.8
30.36 289.7 812.6572 [M+H]" PE 0-42:3 C47H9oNOP 1.423 375.5 5.443 1.1
29.13 291.5 808.6222 [M+H]" PE 0-42:5 C47HgNO,P 1.431 9273 0.952 22
28.99 291.5 808.6232 [M+H]* PE O-42:5 C47HgeNO/P 1.431 748.4 2.13 0.1
28.36 289.3 806.6042 [M+H]* PE O-42:6 C47HgaNO/P 1.420 870.5 -2.102 0.3
28.58 285.7 802.5707 [M-HJ PE O-42:7 C47Hg:NO,P 1.402 956 -4.644 29
28.50 288.5 804.5901 [M+H]" PE 0-42:7 C47Hg:NO,P 1.416 932.8 0.361 0.3
30.32 295.8 838.6681 [M-H] PE O-44:3 C49HosNO/P 1.453 840.8 -2.056 1.8
29.94 285.7 784.6216 [M-H] PE O-18:1_22:1 C4sHgsNO/P 1.402 868.3 -1.172 2.1
28.23 279.6 774.5439 [M-HJ PE P-18:0_22:6 C4sH7sNO,P 1.372 943.7 -0.812 2.7
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25.99 274.3 747.5166 [M-HJ PG 16:0_18:1/BMP 16:0_18:1 C4oH77010P 1.345 208.3 -2.042 2.0
24.44 276.6 769.5016 [M-HJ PG 16:0_20:4/BMP 36:4 C42H75010P 1.357 861.7 -1.199 2.3
23.08 289 819.5171 [M-HJ PG 18:1_22:6 Cy46H77010P 1.419 444.4 -1.272 32
29.37 297.6 831.619 [M-HJ PG 20:0_20:1 Ca6HgoO10P 1.462 260.6 8.339 4.6
28.74 295.7 829.6032 [M-HJ PG 20:1_20:1/BMP 40:2 C46Hg7010P 1.452 687.1 7.695 4.4
21.43 290.8 841.502 [M-HJ PG 20:4_22:6 C4gH75010P 1.428 943.9 -0.558 32
25.68 285.6 766.559 [M+NH,]" PG 34:1/BMP 34:1 C4oH77010P 1.401 941.7 -0.575 1.4
24.21 282.1 764.5497 [M+NH,]* PG 34:2/BMP 34:2 Cs4oH75010P 1.384 829.6 7.389 1.8
28.73 292.1 803.5876 [M-HJ PG 38:1 C44Hss010P 1.434 494.6 8.298 38
24.31 289.3 814.5653 [M+NH,]". [M+H]" PG 38:5/BMP 38:5 C44H77010P 1.421 906.8 6.7 1.2
23.71 289.7 812.5451 [M+NH,]*. [M+H]". [M+NH,4]" PG 38:6/BMP 38:6 C44H75010P 1.422 917.9 2.197 1.4
30.29 308.6 887.6823 [M-H] PG 44:1 CsoHo7010P 1.517 615.6 8.566 29
21.04 2943 865.5027 [M-HJ PG 44:12 CsoH75010P 1.447 923.5 0.183 4.0
28.54 285.9 761.5776 [M-HJ PG 0O-20:1_16:0 Ca4rHgsOgP 1.402 759.8 9.766 39
30.2 303.2 845.669 [M-H] PG 0-20:1_22:0 CasHosOoP 1.49 733.8 5918 39
29.23 291.6 789.6083 [M-H] PG O-38:1 Ca44Hg7O0P 1.431 822 8.663 35
28.57 289.5 787.5932 [M-HJ PG O-38:2 Ca4HgsOoP 1.421 265.1 9.165 39
29.71 297.4 817.6404 [M-HJ PG 0-40:1 Ca6Ho1OgP 1.46 757.6 9.455 4.8
29.22 295.2 815.6245 [M-H] PG 0-40:2 Ca6HgoOoP 1.449 570.6 9.064 4.7
30.16 306.6 871.6838 [M-H] PG O-44:2 CsoHo7O0P 1.507 439.4 4.554 33
232 289.1 814.561 [M+NH,]* PG 39:5 /BMP 39:5 C44H77010P 1.42 9243 1.946 0.3
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22.79 2917 8385617 [M+NH,]". [M+H]" PG 40:7 /BMP 40:7 CasH7010P 1433 8245 2.635 02
24.02 2911 8575181 M-HT PI 16:0 20:4 CasHryOpsP 1431 775.5 -0.586 25
21.89 300.7 9295182 [M-HT PI120:4 226 Cs1H70,5P 148 699 0.251 2.7
2723 2987  882.6083 [M+NH,]" PI36:1 CasHsO15P 1.468 931.6 1.845 14
23.65 2954 8765617 [M+NH,]". [M+Na]" PI36:4 CasHryOpsP 1452 9278 2413 15
26.50 2965  885.5491 M-HT PI38:4 CiHgOpsP 1458 197 1,014 19
2423 2951  883.5335 M-HT PI38:5 CHg1O15P 1451 401.1 -0.706 27
23.89 2977 9025778 [M+NH,]". [M+H]" PI38:5 CHg1O15P 1.464 906.7 2.868 14
2320 2972 9005621 [M+NH,]" PI38:6 CHryO1sP 1462 925.1 2.749 15
23.77 2987 907.5336 M-HT P140:7 CaoHyO1sP 1.469 209.5 0.503 17
2291 2984 9265782 [M+NH,]" P140:7 CaoHs1O15P 1.468 881.2 3.131 02
23.40 2998 926.5786 [M+NH,]". [M+H]" P140:7 CaoHs1O15P 1475 914.7 3.762 0.7
2237 298.2 905.518 M-HT PI40:8 CaoHryOsP 1.466 737.9 0578 3.1
22.01 2983 9245622 [M+NH,]" PI40:8 CaoHryOsP 1468 873.6 2.746 0.8
23.84 2836 806.4968 [M-HT PS 16:0 22:6 CasH74NO P 1392 348.7 1128 16
24.41 2758 758.497 [M-HT PS 16:1_18:1 CaoH74NO 0P 1352 550.8 0.936 18
28.74 2807 8165748 M-HT PS 18:0 20:1 CasHgiNO P 1422 649.6 1.53 19
22.62 2867 8304977 M-HT PS 1822 226 CasH7NO P 1.408 770 20.059 2.9
26.48 2855 8245443 [M-HT PS 19:0 20:4 CasHsoNO 0P 1402 569 0.879 14
2452 288.1  846.5273 [M-HT PS 19:1 22:6 CsH7sNO 0P 1415 532.6 -1.855 17
23.09 2909 8565126 M-HT PS 20:3 22:6 CasHreNO P 143 455.6 -1.004 34
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24.52 284.1 808.5125 [M-HJ PS 20:4_18:1 CusH76NOoP 1.395 179 -1.23 1.5
23.99 287.4 832.5124 [M-H] PS22:6 18:1 C46H76NO1oP 1.412 249.5 -1.172 2.0
29.37 295.3 844.6065 [M-H] PS 40:1 CusHgsNOjoP 1.451 2343 -0.844 2.1
27.85 291.2 838.559 [M-H] PS 40:4 C4sHg:NOyoP 1.43 2854 -1.609 2.0
26.34 289.3 834.5289 [M-H] PS 40:6 CiusH7sNOoP 1.421 675.7 -0.238 2.5
27.36 288.9 848.5449 [M-H] PS 41:6 C47HgoNO 0P 1.42 157.8 -0.212 1.3
23.62 294.9 882.5277 [M-H] PS 44:10 CsoH7sNO;oP 1.45 684 -1.48 3.7
21.68 292.8 878.4976 [M-H] PS 44:12 CsoH7NO;oP 1.44 884.3 -0.12 29
28.80 271 662.5723 [M+NH,]". [M+H-H,0]" Stearoyl-arachidonoyl-glycerol C41H7,05 1.326 m.c m.c 1.9
27.75 301.3 864.6299 [M+H]* SHexCer 40:1 CusHgoNO; S 1.481 853.6 6.022 0.5
28.22 302.8 878.6409 [M+H]* SHexCer 41:1 C47HoiNOy;S 1.488 753.4 2.613 0.3
28.54 305.3 892.6566 [M+H]*. [M+H-H,0]" SHexCer 42:1 CusHosNOyi S 1.501 802.2 2.464 0.2
27.72 303.8 890.6406 [M+H]" SHexCer 42:2 CusHoiNOy; S 1.494 803.7 2.135 0.3
27.55 307.7 906.636 [M+H]" SHexCer 42:2;30 CusHoiNO2S 1.514 470.7 2.346 0.4
22.49 278 675.5435 [M+H]". [M+Na]" SM 32:1 C37H75N,06P 1.36 1000 -0.039 0.8
21.96 278 675.5432 [M+H]* SM 32:1 C37H75N,06P 1.36 1000 -0.626 0.2
23.58 280.2 689.5593 [M+H]" SM 33:1 C3sH77N,06P 1.372 1000 0.304 1.1
24.49 282.6 703.5754 [M+H]* SM 34:1 C30H76N,O6P 1.384 983.9 0.668 2.1
24.69 282.9 703.5753 [M+H]* SM 34:1 C39H70N,O6P 1.385 976.4 0.412 22
22.46 279.6 701.5579 [M+H]* SM 34:2 C3H77N,06P 1.369 992.4 -1.068 0.5
22.79 279.8 701.5593 [M+H]* SM 34:2 C30H77N,06P 1.37 1000 -0.141 0.8
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25.76 285.1 717.5904 [M+H]" SM 35:1 C4oHg1N>O6P 1.397 1000 -0.123 0.3
2391 282.3 715.5751 [M+H]" SM 35:2 C4oH79N,O6P 1.383 1000 0.916 0.1
27.19 290.2 733.6197 [M+H]* SM 36:0 C41HgsN>OgP 1.422 954.3 -2.656 1.3
24.92 285.3 729.5915 [M+H]". [M+Na]* SM 36:2 C41HgiN,O6P 1.398 924.7 1.308 2.3
27.31 290 745.622 [M+H]" SM 37:1 C42HgsN,O6P 1.422 980.4 0.184 35
27.83 293.1 759.6381 [M+H]" SM 38:1 C43Hg7N,O6P 1.437 935.7 0.836 2.1
28.05 292.8 759.6371 [M+H]* SM 38:1 Ca43Hg7N,O6P 1.436 955.6 0.048 0.9
26.95 290.6 757.6221 [M+H]* SM 38:2 Ca43HgsN,OgP 1.425 1000 0.871 0.4
28.45 295.2 773.6526 [M+H]" SM 39:1 C44HgoN,O6P 1.448 441.8 -0.67 0.9
29.05 299.2 789.6845 [M+H]" SM 40:0 C4sHozsN,O6P 1.469 807.2 0.081 0.9
28.76 297.4 787.6701 [M+H]* SM 40:1 C4sHoiN,O6P 1.46 969.4 1.841 13
28.83 3113 787.6705 [M+H]* SM 40:1 C4sHoiN,OP 1.528 907.9 2.299 4.0
27.83 295.6 785.6533 [M+H]" SM 40:2 C45HgoN2O6P 1.451 1000 0.386 1.1
29.35 300.1 801.6883 [M+H]" SM 41:1 Ca6Ho3N2O6P 1.473 1000 4.409 0.6
28.32 297.17 799.6705 [M+H]* SM 41:2 Ca6HoiN,OP 1.461 791.5 1.802 0.3
28.98 302.3 815.7022 [M+H]* SM 42:1 C47HosN,O6P 1.484 1000 2.736 0.1
29.53 303 815.7024 [M+H]" SM 42:1 Ca47HosN2O6P 1.488 856 2.943 1.1
28.70 300.4 813.6865 [M+H]" SM 42:2 C47Ho3N,O6P 1.475 958 2.386 2.1
28.05 297.8 811.6702 [M+H]* SM 42:3 C47HoiN,O6P 1.462 1000 1.456 0.8
23.61 286.5 721.5849 [M+H]* SM 34:0;30 C30HgiN,O-P 1.404 812.9 -0.626 0.3
23.87 289.3 719.5703 [M+H]" SM 34:1;30 C39H79N,07P 1.417 894.2 0.613 1.5
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24.24 745.5862 [M+H]" SM 36:2;30 C4HgN,O/P 1.42 894.2 1.368 0.4
28.42 299.6 805.6805 [M+H]" SM 40:0;30 C4sHosN,O7P 1.471 894.2 1.382 1.1
29.13 304.7 833.711 [M+H]* SM 42:0;30 C47Ho7N,O7P 1.497 891.9 0.75 1.0
28.35 302.2 831.6944 [M+H]* SM 42:1;30 C47HosN,O7P 1.484 893.5 -0.664 1.3
30.89 298.1 780.7088 [M+NH,4]". [M+Na]" TG 14:0_15:0_16:1 C4sHooOg 1.463 837.2 1.555 0.9
31.33 302.6 796.7404 [M+NH,]" TG 14:0_16:0_16:0 C4oHo4O6 1.485 864.3 2.002 0.4
31.06 301.1 794.7249 [M+NH,]" TG 14:0_16:0_16:1 Ca9H9,06 1.478 884.6 2.105 0.7
31.37 306 822.7563 [M+NH,]* TG 14:0_16:0_18:1 Cs1HosO6 1.503 8334 2.198 0.6
30.85 310.5 868.7417 [M+NH,]" TG 14:0_16:0_22:6 CssHosOg 1.526 713.7 3.394 0.5
30.81 2993 792.7091 [M+NH,4]". [M+Na]* TG 14:0_16:1_16:1 C4oHogOg 1.469 890.4 1.997 2.1
31.09 304.3 820.7407 [M+NH,4]". [M+Na]* TG 14:0_16:1_18:1 Cs1Ho4O¢ 1.495 831.3 2.321 0.6
30.56 308.1 866.7218 [M+NH,]* TG 14:0_l16:1_22:6 CssHoyO6 1.514 774.9 -0.656 0.4
30.37 311.5 940.7428 [M+NH,]" TG 14:0_22:6_22:6 Cs1Ho4O6 1.533 861.7 4.505 13
30.54 297.0 790.6925 [M+NH,]" TG 14:1_16:1_16:1 Ca9HgsOg 1.458 915.4 0.734 0.3
30.84 302.8 818.7244 [M+NH,]* TG 14:1_16:1_18:1 Cs1Hy,O6 1.487 869.8 1.475 2.6
31.21 303.5 808.7406 [M+NH,]* TG 15:0_16:0_16:1 CsoHos4O¢ 1.490 888.3 2.116 2.1
31.48 308.7 836.7721 [M+NH,]" TG 15:0_16:0_18:1 Cs;HosOg 1.516 760.7 2.323 0.3
30.96 301.7 806.7245 [M+NH,]* TG 15:0_16:1_16:1 CsoHo,06 1.481 890 1.5 0.9
31.23 307.0 834.7562 [M+NH,]* TG 15:0_16:1_18:1 Cs:HosO6 1.508 785.7 2.007 0.9
30.70 300.1 804.7085 [M+NH,]* TG 15:1_16:1_16:1 CsoHgoO¢ 1.473 859.5 1.333 0.9
30.99 305.2 832.7402 [M+NH,]* TG 15:1_16:1_18:1 Cs;Ho4Og 1.499 813.6 1.528 0.3
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31.77 3008 838.7879 [M+NH, ] TG 16:0_16:0_17:0 Cs2Hi0005 1522 903.4 2514 12
31.16 315.1 896.7736 [M+NH, ] TG 16:0_16:0 22:6 Cs7Hss06 1.55 6795 3.192 0.6
31.09 3073 846.7562 [M+NH,]". [M+Na]' TG 16:0_16:1_18:2 Cs3HoqOs 1.51 897.6 2.07 1.1
30.86 3132 894.7582 [M+NH,]" TG 16:0_16:1 22:6 Cs7HoqOs 1.54 6473 4218 02
32.1 3138 866.8199 [M+NH, ] TG 16:0_17:0_18:0 CsaH 1005 1.543 601.7 3.141 1.7
31.78 313 864.804 [M+NH, ] TG 16:0_17:0_18:1 CsaH 10205 1.538 885.8 2.739 0.7
31.94 3156 878.8196 [M+NH,]" TG 16:0_18:0_18:1 CssH 10405 1.552 915.8 2.836 0.6
3245 3155 894.8517 [M+NH,]" TG 16:0_18:0_19:0 CseH 10305 1.551 7228 3.633 1.4
3227 3178 9068514 [M+NH,]" TG 16:0_18:0 20:1 Cs7H 0505 1.563 862.4 3241 1.6
32.82 3193 922.8835 [M+NH, ] TG 16:0_18:0 21:0 CssH 1205 1571 7418 4244 1.7
33.03 3214 936.8995 [M+NH,]" TG 16:0_18:0 22:0 CsoH 1405 1.581 814.7 4324 2.0
31.45 3194 924.8049 [M+NH,]'". [M+Na]' TG 16:0_18:0 22:6 CsoH 10205 1.571 722.9 3.635 03
31.79 3157 890.8201 [M+NH,]" TG 16:0_18:1_19:1 CseH 1005 1552 798.1 3.636 1.1
3115 315.8 922.789 [M+NH,]" TG 16:0_18:1 22:6 CsoH 0005 1554 7138 3503 0.8
30.92 3138 9207734 [M+NH,]" TG 16:0_18:2 22:6 CssHoxO4 1.544 663 3715 0.9
33.44 3241 964.9316 [M+NH,]" TG 16:0_20:0 22:0 CoH 11505 1.596 668.9 5.044 24
32.84 3219  948.8996 [M+NH,]' TG 16:0 20:1 21:0 CooH 11405 1.584 619 441 1.8
30.95 3152 946.7888 [M-+NH,]" TG 16:0 20:3 22:6 CoH10005 1.551 675.9 3.14 15
30.81 3194 9447742 [M+NH, ] TG 16:0 20:4 22:6 Cy1HssO5 1.572 815.5 4.045 0.1
30.69 3223 968.7747 [M+NH, ] TG 16:0 22:6 22:6 Cy3HssOg 1.587 8714 4303 04
31.50 3119  862.7882 [M+NH,]" TG 16:1_17:0_18:1 CsaH 10005 1.533 7523 2.804 02
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3125 310.1 860.7715 [MA+NHL]' TG 16:1_17:1_18:1 Cs4HysOg 1524 8545 1.152 0.1
31.03 3085 8587567 [MA+NH,]' TG 16:1_17:1_18:2 CsaHoqOs 1516 7748 2.957 0.1
31.13 310.1 872.7725 [M+NH,]". [M+Na]' TG 16:1_18:1_18:2 CssHosOs 1.524 931.8 2738 0.5
3211 3163 918.8527 [M+NH,]" TG 16:1_18:1 21:0 CssHi0s05 1.556 589 4.684 18
30.64 315 918.7576 [MA+NH,]' TG 16:1_18:2 22:6 CsoHoqOs 1.55 775.5 3.09 12
32.46 3175 920.8676 [MA+NH,]' TG 17:0_16:1 22:0 CssH1005 1562 569.6 39 18
32.10 3154 892.8359 [M+NH,]" TG 17:0_18:0_18:1 CseH10605 1.551 6789 3.595 13
31.52 314.1 888.8037 [M+NH,]" TG 17:1_18:1_18:1 CseH10205 1.545 894.6 2.528 04
31.88 318.4 928.836 [MA+NH,]' TG 18:0_18:0 20:4 CsoH 0605 1567 750.8 3.648 12
31.76 319.7  952.8381 [M+NH, ] TG 18:0_18:0 22:6 CoHi0605 1574 657.8 4799 13
31.63 3148 902.8194 [M+NH,]". [M+Na]' TG 18:0_18:1_18:2 Cs7H10405 1.548 8742 2.622 1.1
3225 3186 932.8681 [M+NH,]" TG 18:0_18:1 _20:1 CsoH11005 1.568 760.7 4225 2.0
32.64 321 960.8997 [M+NH,]' TG 18:0_18:1 22:1 CoH 1405 1.58 646.3 4674 2.6
32.07 3205 956.8674 [M+NH,]' TG 18:0_18:1 22:3 CoH 11005 1.578 780.4 3395 18
31.74 3204 978.8548 [M+NH,]" TG 18:0 20:1_22:6 Ce3H10s05 1.577 7547 64 23
30.98 3264 996.8063 [M+NH,]" TG 18:0_22:6_22:6 CosH10205 1.608 610.9 47 0.1
32.23 3202 958.8318 [M+NH,]' TG 18:1_18:1 22:1 CoH 1,05 1576 8353 1.808 2.6
31.28 3114 896.7764 [M-+NH,]" TG 18:1_18:2 183 Cs7Hss05 1.532 897.7 5.724 1.1
33.22 3235 976.9314 [M+NH, ] TG 18:1_20:0 21:0 CsaH11505 1.593 6245 5.017 28
3144 3204 976.8379 [M+NH, ] TG 18:1_20:1 22:6 Ce3H10605 1.577 699.0 5.606 17
30.81 3226 970.7901 [M-+NH,]" TG 18:1_20:4 22:6 CesH 10005 1.588 718.1 4211 03
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30.63 3106 894.7535 [MA+NHL]' TG 18:2_18:2_18:3 Cs7HyeOs 1.527 9334 2.155 04
3146 305.1 810.7563 [MA+NH,]' TG 47:0 CioHyeOs 1.498 9354 2231 03
31.96 312.8 852.8038 [M+NH,]". [M+Na]' TG 50:0 Cs3H10205 1.537 9287 2.783 13
31.63 3112 850.788 [M+NH,]" TG 50:1 Cs3H10005 1.529 949.6 2517 03
30.81 304.8 844.7403 [MA+NH,]' TG 50:4 Cs3HysO6 1497 956.5 1.936 03
3229 3166  880.8355 [MA+NH,]'. [M+NH,]'. [M+Na] TG 52:0 CssHi060s 1.556 946.7 3.061 16
31.62 3139  876.8039 [M+NH,]" TG 5222 CssH10205 1.543 946.2 2778 1.1
31.39 3117 874.7878 [M+NH,]" TG 52:3 CssHi005 1.532 906 2.406 0.1
31.25 3119 8727726 [MA+NH,]' TG 52:4 CssHysOs 1533 889.5 2.965 0.6
31.92 3163 904.8355 [MA+NH,]' TG 5422 Cs7H10606 1.556 8323 2.96 13
31.57 3159  900.8034 [M+NH,]" TG 54:4 Cs7H 10205 1.554 798.1 2.683 0.5
31.39 3143 900.8037 [M+NH,]" TG 54:4 Cs7H 0205 1.546 934.1 2.908 02
31.15 3115 898.7892 [M+NH,]' TG 54:5 Cs7H10005 1.532 826.4 3.992 1.4
30.61 3113 892.7417 [M+NH,]' TG 54:8 Cs7Hy:05 1.531 6472 3317 1.0
3321 3222 9509154 [M+NH,]" TG 57:0 CooH11605 1.586 638.8 4473 2.5
33.02 3229 9629154 [M+NH,]" TG 58:1 CoiH11605 1.589 725 4.604 2.5
312 315.6 948.805 [M+NH,]' TG 58:8 Co1H10206 1.553 736.7 3752 15
3111 317.6  972.8053 [M-+NH,]" TG 60:10 CesH10205 1.564 768.3 4152 18

m.c.: manual curation
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Table S3.2. VIP SCORE results.

Compound Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5
DG 42:1 2.0916 1.9565 1.9227 1.9129 1.9124
DG 41:1 2.0862 1.9442 1.9106 1.8999 1.8994
BMP 42:10 2.0598 1.9325 1.8991 1.8898 1.8893
HexCer 18:1;20/26:0 2.0282 1.8947 1.862 1.8517 1.8513
HexCer 20:2;20/26:0;0 1.9848 1.8552 1.8269 1.8166 1.8161
TG 18:1_18:1_22:1 1.9566 1.8109 1.7801 1.77 1.7695
TG 18:0_20:1_22:6 1.9279 1.784 1.7557 1.7458 1.7453
HexCer 18:1;20/24:0 1.9263 1.786 1.7559 1.7468 1.7463
CE 18:0 1.9158 1.9287 1.9028 1.8924 1.8918
TG 18:0_18:1_20:1 1.9082 1.7659 1.7353 1.7258 1.7253
SM 38:1_B 1.9007 1.7732 1.7465 1.7366 1.7361
TG 18:0_18:0_22:6 1.871 1.7313 1.7049 1.6962 1.6958
LPC 24:0 1.8399 1.7026 1.678 1.6685 1.6681
TG 18:0_18:1_22:3 1.8339 1.697 1.6685 1.6606 1.6603
HexCer 18:1;20/20:0 1.8282 1.7071 1.6777 1.6727 1.6723
HexCer 18:2;20/22:0;0 1.8224 1.6907 1.6616 1.6555 1.6552
PG 39:5 /BMP 39:5 1.8221 1.6892 1.6623 1.6546 1.6541
HexCer 18:1;20/22:0 1.8136 1.6885 1.6604 1.655 1.6546
DG 0-36:6 1.7968 1.663 1.6355 1.6296 1.6292
DG 21:0_18:1 1.7917 1.679 1.6525 1.6471 1.6467
LPC 24:1 1.7916 1.6745 1.6457 1.6386 1.6382
TG 17:1_18:1_18:1 1.781 1.6598 1.6326 1.6302 1.6298
HexCer 18:1;20/25:0;0 1.7759 1.6739 1.647 1.6405 1.6401
HexCer 18:1;20/24:0;0 1.7721 1.6651 1.641 1.6347 1.6343
PG 40:7 /BMP 40:7 1.7606 1.6291 1.6132 1.6051 1.6046
CE 16:0 1.7591 1.7753 1.751 1.7411 1.7406
TG 18:0_18:1_22:1 1.7556 1.6361 1.6159 1.6075 1.607
HexCer 18:1;20/38:2;0 1.7544 1.6346 1.6199 1.6126 1.6122
PG 34:2/BMP 34:2 1.7423 1.6123 1.5982 1.595 1.5945
TG 16:0_18:1_19:1 1.7364 1.6107 1.5833 1.5778 1.5776
LPC20:4_A 1.7299 1.607 1.5834 1.5812 1.5808
SM 42:0;30 1.7278 1.7507 1.724 1.7147 1.7143
DG 17:0_20:4 1.7228 1.5948 1.5809 1.5719 1.5716
TG 18:0_18:1_18:2 1.7207 1.6063 1.5972 1.5909 1.5905
LPE 18:1 1.7185 1.5988 1.5716 1.5627 1.5623
HexCer 18:1;20/23:0;0 1.711 1.6416 1.6155 1.6092 1.6088
Cer related molecule 1.7095 1.5914 1.5819 1.5744 1.5741
HexCer 18:2;20/23:0;0 1.7067 1.5796 1.5523 1.5483 1.5479
LPC 19:1 1.6957 1.5753 1.549 1.5403 1.5399
HexCer 18:1;20/23:0 1.6878 1.5625 1.5375 1.5332 1.5329
DG 41:2 1.6871 1.5752 1.5526 1.5468 1.5465
CE 22:4 1.6863 1.6954 1.6665 1.657 1.6565
TG54_5 1.6715 1.5979 1.6075 1.599 1.5986
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CE 20:3 1.6705 1.6639 1.6429 1.6371 1.6367
PC 42:11 1.6693 1.5726 1.5893 1.5803 1.5798
LPC20:1_B 1.6558 1.6582 1.6325 1.6242 1.624
TG 16:0_18:0_18:1 1.6543 1.5328 1.5185 1.5099 1.5095
LPC20:1_A 1.6446 1.5222 1.4963 1.4926 1.4922
HexCer 20:1;20/24:0;0 1.623 1.5901 1.5637 1.5568 1.5565
HexCer d16:1/23:0 1.6219 1.5012 1.4785 1.4755 1.4751
PC 39:5 1.6089 1.4969 1.4714 1.4631 1.4627
PE 46:12 1.602 1.4887 1.4676 1.461 1.4606
LPE 24:5 A 1.5998 1.4835 1.4607 1.4596 1.4593
PC 42:7_B 1.5991 1.4815 1.4602 1.4535 1.4533
HexCer 18:1;20/22:1 1.5904 1.4749 1.4498 1.4464 1.4461
CE 16:1 1.581 1.5749 1.5563 1.5506 1.5502
SM 35:1 1.5796 1.5511 1.5328 1.5267 1.5265
TG 16:1_18:1_21:0 1.5779 1.461 1.4422 1.4351 1.4351
CE 20:2 1.5758 1.643 1.6289 1.6205 1.6201
CE 14:0 1.5753 1.5637 1.5376 1.5296 1.5294
DG 20:0_20:4 1.5701 1.4536 1.445 1.4395 1.4391
DG 22:0_20:4 1.5685 1.4619 1.4367 1.4366 1.4365
HexCer 18:1;20/18:0;0 1.559 1.5582 1.5318 1.5245 1.5242
HexCer
1.557 1.4448 1.4199 1.419 1.4188
18:1;20/25:1;0_A
PC32:1_C 1.5442 1.4591 1.4474 1.4395 1.4391
CE 20:1 1.5369 1.6161 1.5947 1.587 1.5866
DG 34:0 1.5364 1.4219 1.4263 1.4202 1.4198
PC 44:8 1.5322 1.4499 1.4254 1.4173 1.4169
DG 18:1_22:6 1.5272 1.4133 1.4063 1.3997 1.3994
Cer 20:1;20/24:1 1.5249 1.4138 1.3913 1.3881 1.3879
PC 44:3 1.5179 1.4063 1.3878 1.38 1.3796
HexCer 18:1;20/25:1;0_B 1.5105 1.4031 1.3788 1.3838 1.3834
HexCer 18:1;20/18:1 1.51 1.3993 1.3844 1.3808 1.3806
PC 16:0_18:2_B 1.5013 1.4271 1.4136 1.4064 1.4066
TG 50_1 1.5012 1.3924 1.389 1.3814 1.381

A, B, C indicate potential isomers.

207



Chapter VII: Supporting information.

Table S3.3. Volcano Plot results.

Compound Fold Change (FC) log2(FC) raw pvalue -log10(pvalue)
DG 42:1 2.3984 1.2621 8.1252¢"% 4.0902
DG 41:1 2.1043 1.0733 9.3214e» 4.0305
BMP 42:10 2.7033 1.4347 0.00017214 3.7641
HexCer 18:1;20/26:0 3.442 1.7833 0.00032057 3.4941
HexCer 20:2;20/26:0;0 3.3384 1.7391 0.00065606 3.1831
HexCer 18:1;20/24:0 3.946 1.9804 0.0014421 2.841
CE 18:0 0.36618 -1.4494 0.0016357 2.7863
SM 38:1_B 6.8151 2.7687 0.0019427 2.7116
LPC 24:0 3.0408 1.6045 0.0036173 2.4416
HexCer 18:1;20/20:0 2.134 1.0935 0.0040284 2.3949
PG 39:5/BMP 39:5 2.7386 1.4534 0.0042597 2.3706
HexCer 18:1;20/22:0 222 1.1505 0.0045893 2.3382
DG 0-36:6 2.4643 1.3012 0.0053023 2.2755
LPC 24:1 2.517 1.3317 0.0055402 2.2565
HexCer 18:1;20/25:0;0 2.9985 1.5842 0.0062974 2.2008
HexCer 18:1;20/24:0;0 2.183 1.1263 0.0064878 2.1879
PG 40:7 /BMP 40:7 2.2497 1.1697 0.0071026 2.1486
CE 16:0 0.41106 -1.2826 0.0071825 2.1437
HexCer 18:1;20/38:2;0 3.3051 1.7247 0.0074481 2.128
PG 34:2/BMP 34:2 2.1053 1.074 0.0081596 2.0883
LPC20:4_A 0.05756 -4.1188 0.0089335 2.049
A, B, C indicate potential isomers.
Table S3.4. SAM resullts.
Compound d.value stdev rawp q.value
DG 42:1 7.3331 0.24141 3.413e™ 0.0085244
DG 41:1 7.1916 0.24552 5.1195¢ 0.0085244
BMP 42:10 6.5846 0.26476 6.8259¢™ 0.0085244
HexCer 18:1;20/26:0 6.0079 0.28573 0.00015358 0.014385
HexCer 20:2;20/26:0;0 5.3871 031184 0.00022184 0.016623
TG 18:1_18:1_22:1 5.0577 0.32742 0.0003413 0.021311
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TG 18:0_20:1_22:6 4.7665 0.34233 0.00066553 0.031967
HexCer 18:1;20/24:0 4.7517 0.34312 0.00068259 0.031967
TG 18:0_18:1_20:1 4.5871 0.35208 0.00087031 0.032606
SM 38:1_B 4.5228 0.35568 0.0010239 0.034873

TG 18:0_18:0_22:6 4.2857 0.3695 0.0015358 0.04795
LPC 24:0 4.0632 0.38325 0.0021331 0.054531

TG 18:0_18:1_22:3 4.0228 0.38583 0.0022355 0.054531
HexCer 18:1;20/20:0 3.9859 0.38821 0.0023549 0.054531
HexCer 18:2;20/22:0;0 3.9482 0.39066 0.0024573 0.054531
PG 39:5/BMP 39:5 3.946 0.39081 0.0024744 0.054531
HexCer 18:1;20/22:0 3.8931 0.39429 0.0026792 0.055764
DG 0-36:6 3.7913 0.40113 0.0031229 0.059671

DG 21:0_18:1 3.7614 0.40317 0.0033276 0.059671
LPC 24:1 3.7605 0.40323 0.0033447 0.059671

TG 17:1_18:1_18:1 3.7001 0.40739 0.0037713 0.064224
HexCer 18:1;20/25:0;0 3.6713 0.4094 0.0040102 0.065323
HexCer 18:1;20/24:0,0 3.6507 0.41085 0.004198 0.065531
PG 40:7 /BMP 40:7 3.5882 0.41527 0.0046758 0.066445
TG 18:0_18:1_22:1 3.5621 0.41714 0.0048976 0.066445
HexCer 18:1;20/38:2;0 3.5556 0.41761 0.0049659 0.066445
PG 34:2/BMP 34:2 3.4932 0.42213 0.0053413 0.066856
TG 16:0_18:1_19:1 3.4637 0.4243 0.0055119 0.066856
SM 42:0;30 3.4212 0.42743 0.0058874 0.066856

DG 17:0_20:4 3.3971 0.42923 0.0060239 0.066856

TG 18:0_18:1_18:2 3.3871 0.42997 0.0061604 0.066856
LPE 18:1 3.3765 0.43077 0.0062457 0.066856
HexCer 18:1;20/23:0,0 3.341 0.43344 0.0066894 0.067803
Cer related molecule 3.3342 0.43395 0.0067406 0.067803
HexCer 18:2;20/23:0;0 3.3209 0.43496 0.0068771 0.067803
LPC 19:1 3.271 0.43877 0.0076962 0.073933
HexCer 18:1;20/23:0 3.2355 0.4415 0.0082935 0.075502
DG 41:2 3.2325 0.44174 0.0083618 0.075502

TG 54_5 3.1648 0.44701 0.0093515 0.079419

PC 42:11 3.1555 0.44774 0.0095392 0.079419
LPC20:1_B 3.0991 0.45221 0.010427 0.084201

TG 16:0_18:0_18:1 3.0928 0.45272 0.010563 0.084201
LPC20:1_A 3.0535 0.45585 0.011399 0.088974
HexCer 20:1;20/24:0;0 2.9685 0.46274 0.013259 0.10012
HexCer d16:1/23:0 2.9643 0.46309 0.013362 0.10012

A, B, C indicate potential isomers.
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7.4. Supporting information for Chapter V: “Pre-formed gradients for high-through-

put and robust nanoflow lipidomics with trapped ion mobility and PASEF”
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Figure S4.1. Schematic representation of Evosep One. Lipids are eluted from the C18 disk contained
into the Evotip. Pumps C and D form the final gradient which is stored in the loop and then pushed

over the column by HP (high pressure) pump.
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Figure S4.3. Summed intensities variation of identified lipids over 27 h with Evosep One.
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Figure S4.4. Summed intensities variation over 27 h of internal standard lipids in negative (A) and

positive mode (B).
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Figure S4.5. BPC comparison between a plasma run (blue) and the consecutive blank injection (black).
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Table S4.1. List of lipids identified starting from 1 uL of plasma with Evosep One coupled to TimsTOF Pro.

RT CCS m/z Molecular MS/MS Am/z
[min] (A3 meas. M meas. Tons Name Formula score [ppm]
21.86 2812 614.5874 596.5536 [M+NH4]" CE 14:0 C41H720, 732.9 0.556
2129 2773 612.572  594.5381 [M+NH4]* CE 14:1 C41H7002 937.0 1.061
22.15 2819 628.6028 610.5689 [M+NH4]* CE 15:0 Ca2H7402 624.7 0.082
22.44 2829 642.6181 624.5843 [M+NH4]* CE 16:0 C43H760, 711.9 -0.271
21.85 281.6 640.6028  622.569 [M+NH4]* CE 16:1 Cs3H7402 672.6 0.225
21.42 2812 638.5867 620.5529 [M+NH4]* CE 16:2 Cy3H720, 690.0 -0.572
22.58 2849 656.6337 638.5999 [M+NH4]* CE 17:0 Ca4H730, 881.4 -0.585
22.13 2833 654.6182 636.5844 [M+NH4]* CE 17:1 Ca4H760, 689.2 -0.238
21.68 283 652.6028  634.569 [M+NH4]* CE 17:2 C44H740, 741.0 0.139
22.88 2874 670.6488  652.615 [M+NH4]* CE 18:0 Ca5HgoOx 684.2 -1.253
2237 285.6 668.6339 650.6001 [M+NH4]* CE 18:1 C45H730, 700.8 -0.145
21.94  286.1 666.6198  648.586 [M+NH4]* CE 18:2 Ca5sH760, 671.5 2.204
21.56  288.7 664.6021 646.5684 [M+NH4]", [M+NH4]*, [M+H]* CE 18:3 Ca45sH740, 978.7 -0.846
21.13 2857 662.5867 644.5529 [M+NH4]* CE 18:4 C45sH720, 737.9 -0.557
22.1 289 680.6339 662.6 [M+NH4]* CE 19:2 CasH7302 362.3 -0.076
2145 286.4 676.6027 658.5688 [M+NH4]* CE 19:4 CasH740, 688.9 0.177
22.82 289.7 696.6648  678.631 [M+NH4]* CE 20:1 C47Hg0, 736.1 -0.674
2246 2904 694.6492 676.6154 [M+NH4]* CE 20:2 C47HgoO2 815.7 -1.266
22.05 2899 692.6338 674.6 [M+NH4]* CE 20:3 C47H730, 688.4 -0.239
22.19 2899 692.6337 674.5998 [M+NH4]* CE 20:3 C47H730, 635.3 -1.805
21.73 2893 690.6194 672.5849 [M+NH4]", [M+H]* CE 20:4 C47H760, 969.7 1.744
21.33 2869  688.603  670.5691 [M+NH4]", [M+Na]* CE 20:5 C47H740, 979.9 0.266
2340 293.6 712.6952 694.6613 [M+NH4]* CE 21:0 CasHgsO2 773.6 -1.420
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23.23 2952 724.6964 706.6626 [M+NH4]* CE 22:1 C19Hgs02 731.9 0.130
2252 296.2  720.6658  702.632 [M+NH4]" CE 22:3 Ca9Hg202 1000 1.145
2212 2937  718.6491 700.6152 [M+NH4]* CE 22:4 C19Hg002 908.8 -0.253
10.90 2449  484.4725 483.4652 [M+H]" Cer 14:0;20/16:0 C30HeiNOs3 178.6 0.118
11.98 2523 512.5038 511.4965 [M+H]" Cer 16:0;02/16:0 C32HesNOs3 560.8 0.041
9.34 262.6  590.5151 589.5078 [M+H]* Cer 16:0;02/21:4;0 C37He7NO4 772.5 1.501
17.86  280.8 670.6347 669.6274 [M+HT* Cer 17:0;03/24:0;0 C41Hg3NOs 883.2 0.479
1513  261.8 556.5295 555.5223 [M+H]* Cer 18:0;02/16:0;0 C34HeoNO4 1000 -0.719
18.58 2743  624.6289 623.6217 [M+H]" Cer 18:0;02/22:0 CaoHs1NOs3 754.2 0.086
1935 2797 652.6599 651.6526 [M+H]* Cer 18:0;02/24:0 C4HssNO; 800.8 -0.520
1971 2824  666.6757 665.6685 [M+H]* Cer 18:0;02/25:0 C43Hg7NO3 649.2 -0.322
1740 278.2 656.6182 655.6109 [M+H]" Cer 18:0;03/22:0;0 C4oHsiNOs 1000 -0.856
1829 2835 684.6484 683.6412 [M+H]* Cer 18:0;03/24:0;0 C4HssNOs 821.8 -2.170
13.52 2528 508.4733 507.4661 [M+H]* Cer 18:1;02/14:1 C32HeINO;3 383.6 1.804
1525 2569 538.5193  537.512 [M+H]" Cer 18:1;02/16:0 C34sHe7NOs3 796.1 -0.065
14.68 259.2  536.5039 535.4966 [M+H]* Cer 18:1;02/16:1 C34HgsNO; 1000 0.340
16.35  262.6 566.55 565.5427 [M+H]* Cer 18:1;02/18:0 C3sH71INOs3 778.6 -1.227
1828 273.1 622.613  621.6057 [M+H]" Cer 18:1;02/22:0 C4oH79NO3 756.9 -0.513
18.69  276.1 636.6289 635.6217 [M+H]* Cer 18:1;02/23:0 C4HsiINO;3 657.5 -0.536
19.08 2785 650.6441 649.6369 [M+H]" Cer 18:1;02/24:0 C4Hg3NO;3 905.0 -0.731
19.22 2783  650.6445 649.6372 [M+H]* Cer 18:1;02/24:0 Cs2Hs3NOs3 856.3 0.198
19.45 280.5 664.6598 663.6528 [M+H]", [M+H-H,01* Cer 18:1;02/25:0 C43HssNO; 276.2 -0.471
19.80 2837 678.6754 677.6677 [M+H]", [M+Na]* Cer 18:1;02/26:0 C44Hg7NO; 656.0 -0.615
17.31 2769 634.6125 633.6052 [M+H]* Cer 18:2;02/23:0 Ca1H7NO;3 363.2 -1.273
16.84 277.6  650.6078 649.6005 [M+H]" Cer 18:2;02/23:0;0 C41H79NO4 307.1 -0.282
17.29  280.2 664.6234 663.6161 [M+H]* Cer 18:2;02/24:0;0 C42HgiNO4 420.4 -0.367
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18.18  281.9  662.6447 661.6374 [M+H]* Cer 18:2;02/25:0 Cs3Hs3NO;3 344.0 0.06

17.75  283.0 678.6392 677.6319 [M+H]" Cer 18:2;02/25:0;0 Cu3Hs3NO4 416.4 -0.513
18.59  284.8 676.6596 675.6523 [M+H]* Cer 18:2;02/26:0 C44HgsNO;3 488.7 -0.636
18.17 2854  692.6548 691.6475 [M+H]" Cer 18:2;02/26:0;0 CuaHssNO4 410.6 -0.557
2037 287.4  694.7063 693.6991 [M+HT* Cer 19:0;20/26:0 C4sHo1NO; 181.6 -1.434
16.81 2744  620.5982 619.5909 [M+H]* Cer 19:0;02/21:2 C4oH77NO3 1000 1.005
19.75 287 696.6862  695.6789 [M+H]" Cer 19:0;02/25:0;0 CasHsoNO4 1000 -0.59
1850 2755 636.6294 635.6221 [M+H]* Cer 19:1;02/22:0 C41HsiNO; 388.1 0.937
19.46 2903 726.695  725.6877 [M+H]" Cer 20:0;30/25:0;(20H)  CasHo1NOs 706.5 -1.933
19.80 292.6 740.7123  739.705 [M+H]* Cer 20:0;30/26:0;(20H)  CacHosNOs 766.5 -0.55

1771 2693  596.5975 595.5903 [M+H]* Cer 20:0;02/18:0 C3sH77NOs3 772.8 -0.154
20.05 2849 680.6911 679.6836 [M+H]', [M+Na]* Cer 20:0;02/24:0 Ca4HgoNO; 639.1 -0.824
19.08 288.6  712.6806 711.6733 [M+H]* Cer 20:0;03/24:0;0 C44HgoNOs 633.1 -0.972
20.13  286.1  692.6905 691.6837 [M+H]", [M+H-H,O1* Cer 20:1;20/25:0 C45HgoNO; 774.8 -2.022
20.44 2889 706.7067 705.6992 [M+H]", [M+H-H,01* Cer 20:1;20/26:0 CasHoiNO3 864.5 -0.905
20.73 2912 720.7229  719.715 [M+H]", [M+H-H,O1* Cer 20:1;20/27:0 C47Ho3NO; 594.2 0.152
21.00 2933 7347384 733.7309 [M+H]", [M+H-H,O1* Cer 20:1;20/28:0 CasHosNOs3 790.3 0.409
2221 3357 1040.995 1039.987 [M+H]" Cer 20:1;20/48:3;20 CesH120NOs 768.4 1.366
20.00 294.6  732.722  731.7147 [M+H]* Cer 20:2;20/28:0 CasHosNOs3 174.5 -1.237
16.21 2655 582.5466 581.5393 [M+H]" Cer 21:0;02/15:1;0 C36H71NO4 790.7 1.715
20.67  289.7  708.722  707.7153 [M+H]", [M+Na]* Cer 22:0;20/24:0 CasHo3NO; 206.6 -1.214
2043 2969 768.7434 767.7362 [M+H]" Cer 22:0;30/26:0;(20H)  CagHo7NOs 860 -0.585
1756 2755 640.6214 639.6141 [M+H]" Cer 22:0;02/18:0;0 CaoHsi1NO4 211.7 -4.919
21.49 2975 762.7682  761.761 [M+H]* Cer 22:1;20/28:0 CsoHooNO3 817.6 -2.704
22.54 3396 1069.026 1068.019 [M+H]" Cer 22:1;20/48:3;20 C70H133NOs 819.1 0.435
20.37 285 724.6792  723.672 [M+H]* Cer 24:0;30/21:1;(20H)  C45HgoNOs 578.2 -4.369
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2169 298 764784  763.7767 [M+H]" Cer 26:0:20/24:0 CoHiNOs 2513 1672
1593 2548 558.5002 5404754 [M+NH. [ DG 14:0_16:0 C33HgiOs 768.6 0.04

1557 2523 5444937 5264587 [M+NH.]", [M+H]" DG 15:0_14:0 C3:HgOs 890 0.16

1666 2574 5725247 5544908 [M+NH]* DG 15:0_16:0 C34HcOs 879.3 20.467
1718 2602 5865404 5685069  MPNHaI", [MiNal', %}fé{]‘ir’ [M+NH.J', [M+HT, DG 16:0_16:0 CisHesOs 882.6 0171
1733 2597 5865413 568.5074 [M+NH.[" DG 16:0_16:0 CssHgsOs 770.5 0.403
1697 2597 5865404 568.5065 [M+NH.[" DG 16:0_16:0 CssHgsOs 601.1 0223
1613 2549 558.5080 5404756 [MNH.]", [M+Na]", [MH]' DG 16:0_14:0 C33HuiOs 810.5 20.479
1641 2584 5845245 5664907 [M+NH.[" DG 16:0_16:1 CssHgeOs 751.1 20.574
1606 2584 5965245 578.4907 [M+NH]* DG 17:1_16:1 CeHseOs 624.1 20.796
1896 2707 642603  624.5694 [M+NH.], [MH]", [M+H-ILO]", [MNH.]* DG 18:0_18:0 C3oH760s 862.4 20.088
19.09 2706 642.6042 624.5703 [M+NH]* DG 18:0_18:0 C3oH70s 723.6 1.893
1813 2656 6145717 596.5382 [M+NHa]", [M+NH,]", [M+H]* DG 18:0_16:0 ORTIG) 856.2 20257
1827 2651 6145729 596.5391 [M+NH.[ DG 18:0_16:0 C37H7:0s 891.1 2.285
1735 2658 6385714 6205377 [M+NH.]", [M+HT", [M+Na]", [M+NH]" DG 18:1_18:1 CyoHnOs 962.9 20.624
1725 2637 612.5558 594.5221 [M+NH.]", [M+H]" DG 18:1_16:0 C37H100s 928.5 20533
1666 2622 636556 618.5222 [M+NH]* DG 18:1_18:2 CaoHr0s 935.8 0.041
1601 2583 6345404 616.5066 [M+NH. [ DG 18:2_18:2 C3oHsOs 734.0 20142
1655 2608  610.54  592.5062 [M+NH.[ DG 18:2_16:0 C3/HgsOs 630.7 20.809
1607 260.1 608.5256 5904918 [M+NH]* DG 18:2_16:1 CyrHgeOs 754.0 1271
1819 2687 640587 622.5531 [M+NH.]", [M+H]" DG 20:1_16:0 C3oH740s 287.1 20.764
1968 2765  670.634  652.6002 [M+NH.]" DG 22:0_16:0 CarHgoOs 4412 20.995
2057 2877 7146029 696.5691 [M+NH,]* DG 22:6_20:0 CisHrcOs 575.0 20.305
2063 2846  712.68  694.6462 [M+NH.]" DG 25:0_16:0 CaaHscOs 409.1 1377
1348 2365 5044048 486371 [M+NH.]" DG 0-28:6 C31Hso04 433.6 20.095
1266 2537 5284987 510.4648 [M+NH,]* DG 0-29:1 C1:Hg04 926.9 0.34
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1522 2429 5204363  502.4025 [M+NH,4]" DG 0-29:5 Ca2Hs404 592.9 0.576
1635 2574 556.5306 538.4968 [M+NH,4]" DG 0-31:1 C4He604 1000 1.181
1720 254  556.5293  538.496 [M+NH,]*, [M+H]* DG 0-31:1 Ca4He604 4423 -1.115
1130 2582 5545154 536.4816 [M+NH,4]" DG 0-31:2 C34He404 389.1 1.889
16.81 2613 570.5473 5525135 [M+NH,4]" DG 0-32:1 CisHesO4 277.0 3.032
1593 2492  560.4681 542.4343 [M+NH,4]" DG 0-32:6 CasHss04 309.6 1.846
1232 263.7 582.5455 5645116 [M+NH,]* DG 0-33:2 Ci6HesO4 537.1 -0.283
12.65 266.1 596.5611 578.5273 [M+NH,4]" DG 0-34:2 Ca7H7004 476.0 -0.078
12.87  266.1 596.5611 578.5273 [M+NH,]* DG 0-34:2 C37H7004 467.2 0.348
19.74  268.5 614.6065 596.5727 [M+NH,4]" DG 0-35:0 CasH7604 360.0 2.414
20.13 2659 612.5921 594.5582 [M+NH,4]" DG 0-35:1 CasH7404 977.2 0.039
1342 269  610.5769  592.543 [M+NH,]* DG 0-35:2 CssH704 886.0 -0.049
13.55 268.5 610.5768  592.543 [M+NH,4]" DG 0-35:2 CasH704 901.4 -0.316
1252 266.1 608.5615 590.5277 [M+NH,4]" DG 0-35:3 CssH7004 409.6 0.357
13.76 2712 624.5925 606.5587 [M+NH,4]* DG 0-36:2 CaoH7404 420.5 -0.258
13.98  271.1 6245924 606.5586 [M+NH,4]" DG 0-36:2 CoH7404 423.4 -0.255
1452 2737 638.609  620.5752 [M+NH,4]" DG 0-37:2 CaoH7604 512.7 127
1436 273.8  638.6061 620.5723 [M+NH,4]" DG 0-37:2 CaoH7604 400.6 -4.533
14.68 2737  638.608  620.5742 [M+NH,4]" DG 0-37:2 CaoH7604 539.6 0.168
13.59 2715  636.593  618.5591 [M+NH,4]" DG 0-37:3 CaoH7404 480.6 0.46
13.81 2719  636.5923  618.5585 [M+NH,4]" DG 0-37:3 CaoH7404 4553 -0.627
20.67 2745  654.6393  636.6055 [M+NH,]* DG 0-38:1 Ca1Hg0O4 383.9 -0.287
14.83 2758  652.6241  634.5903 [M+NH,]* DG 0-38:2 Ca1H7504 507.9 0.254
1507 276  652.6243  634.5905 [M+NH,4]" DG 0-38:2 Ca1H7504 481.1 0.519
156  278.5 666.6401 648.6063 [M+NH,]* DG 0-39:2 CazHg0O4 892.5 0.926
14.68 2762  664.6243  646.5905 [M+NH,4]" DG 0-39:3 CarH7504 476.1 0.559
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14.89 2765 664.6243  646.5905 [M+NH,4]" DG 0-39:3 CaoH7504 507.1 0.691
13.77 2742  662.6086 644.5747 [M+NH,4]" DG 0-39:4 CazH7604 954.8 1.058
13.97 2743  662.6083 644.5745 [M+NH,4]" DG 0-39:4 CaoH7604 518.5 0.874
21.61 281.8  696.6856 678.6517 [M+NH,4]" DG 0-41:1 CasHg6O4 2742 -1.319
2179 284 710.6995  692.6656 [M+NH,4]" DG 0-42:1 CasHgsO4 269.1 -3.666
2091 281.8 700.6271 682.5937 [M+NH,]", [M+H]", [M+H]", [M+NH,]* DG 0-42:6 CasH7504 705.2 4.57

19.07 288.5 698.6077 680.5739 [M+NH,4]" DG 0-42:7 CasH7604 469 -0.641
19.26 288.1  698.608  680.5742 [M+NH,4]" DG 0-42:7 CasH7604 524.2 -0.979
18.15 287.8  698.6083  680.5754 [M+NH,]*, [M+H-H,0]", [M+Na]*, [M+H]" DG 0-42:7 CasH7604 638.3 0.183
18.01  290.5 698.6078  680.574 [M+NH,4]" DG 0-42:7 CasH7604 671.2 -0.558
1732 286.7 698.6081 680.5742 [M+NH,4]" DG 0-42:7 CasH7604 882.6 -0.275
1821 291.1 696.5921 678.5585 [M+NH,]", [M+H]" DG 0-42:8 CasH7404 621.8 -0.737
18.70  289.1  696.5929  678.5591 [M+NH,4]" DG 0-42:8 CasH7404 659.8 1.02

2209 2869 7247163 706.6825 [M+NH,4]" DG 0-43:1 CasHooO4 448.8 -1.839
22.19 289  738.7326 720.6988 [M+NH,4]* DG 0-44:1 Ca7H004 462 -1.026
13.66  297.1 862.6255 861.6172 [M+H], [M+Na]* Hex2Cer 18:1;20/16:0  Ca6HgyNO 13 505.5 0.324
14.12 2784  700.5719  699.5646 [M+H]* HexCer 18:1;02/16:0  CaoH77NOs 663.4 -1.189
8.06 2567 676.4423  675.435 [M+HT* HexCer 18:3;02/14:4;0  C3sHe/NOo 317.1 0.574
750 2322  482.3242 481.3169 [M+H]* LPC 15:0 C23HygNO,P 373.9 -0.028
822 235 4963397 495.3327 [M+H]*, [M+Na]*, [M+H-H,0]* LPC 16:0 Ca4HsoNO7P 677.5 -0.162
765 2313 4943251 493.3178 [M+H]* LPC 16:1 Co4H4sNO7P 365.2 1.953
728 2315 4943245 4933172 [M+HT* LPC 16:1 Ca4H4sNO7P 937.6 0.587
873 2383 5103552  509.348 [M+HT* LPC 17:0 CasHs:NO5P 749.1 -0.309
8.58  238.1 5103554 509.3481 [M+H]* LPC 17:0 CsHsNO5P 1000 -0.05

794 2338 5083399 507.3326 [M+HT* LPC 17:1 CasHsoNO7P 1000 0.179
927 2412 5243714 523.3641 [M+H]", [M+H-H,0]* LPC 18:0 Ca6Hs:NO-P 652.2 0.736
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8.42 2369 5223558 521.3486 [M+H]* LPC 18:1 Ca6H52NO7P 638.5 0.818
8.61 237.7 5223552  521.348 [M+H]" LPC 18:1 CosHs2NO7P 435 -0.337
7.81 2322 520.3398 519.3325 [M+H]* LPC 18:2 Ca6HsoNO7P 584.8 0.226
7.62 233.8 520.3396 519.3324 [M+H]" LPC 18:2 Ca6HsoNO7P 929.9 -0.118
9.39 2434 550.3868 549.3795 [M+H]" LPC 20:1 CasHseNO7P 650.2 0.105
8.71 238.6 5483709 547.3636 [M+H]* LPC 20:2 CosHssNO7P 709.3 -0.367
7.98 237.1  546.3542  545.3469 [M+H]" LPC 20:3 CasHs:NO-P 881.4 -1.569
7.80 234.8 544.34 543.3327 [M+H]* LPC 20:4 CosHsoNO7P 537.5 0.099
7.62 236.1  544.3399 543.3327 [M+H]" LPC 20:4 C23Hs50NO7P 947.1 0.069
7.14 233.0 5423252 541.3179 [M+H]* LPC 20:5 CogHasNO7P 865.1 2.313
8.37 2423 5723701 571.3628 [M+H]* LPC22:4 C30HssNO7P 890.3 -0.292
8.03 237.7 5703554  569.3481 [M+HT* LPC 22:5 C30Hs52NO7P 759.7 -0.107
7.76 236.8  568.3399 567.3326 [M+H]* LPC 22:6 C30HsoNO7P 997.3 0.211
7.59 238.7 5683393 567.3321 [M+HT* LPC 22:6 C30H50NO7P 988.9 -0.734
8.28 221 454.2933  453.2861 [M+H]" LPE 16:0 C21HuNO7P 1000 1.076
9.32 227.8 4823246 481.3173 [M+H]* LPE 18:0 C23HasNO7P 538.3 0.903

8.5 2222 480.3092  479.302 [M+H]* LPE 18:1 C23Hs6NO7P 327 1.729
7.88 218 478.2936  477.2864 [M+H]" LPE 18:2 C23H4uNO7P 1000 0.626
7.71 219.2  478.2932  477.2859 [M+H]* LPE 18:2 C23H44NO7P 808.6 0.977
7.87 2209 5022931 501.2858 [M+H]" LPE 20:4 CosHauNO7P 496.6 0.447
7.72 2222 502.2929 501.2856 [M+H]* LPE 20:4 C25sHaaNO7P 852.2 0.171
7.84 224 526.2938  525.2865 [M+H]" LPE 22:6 C27H44NO7P 858.2 1.409
15.87 2882 786.6015 785.5942 [M+H]" PC 18:0 18:2 CasHs4sNOsP 922.1 0.988
15.68 290.9 810.6015 809.5942 [M+H]* PC 18:0_20:4 Ca4sHgaNOgP 944.4 1.036
16.64 290 788.616  787.6087 [M+H]" PC 18:1 18:0 CasHssNOsP 947.1 -0.39
13.59  279.6  756.5539  755.5467 [M+H]* PC 18:2_16:1 C42H7sNOgP 886.1 0.338
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13.56 2903 854.5684 853.5611 [M+H]* PC 20:4 22:6 CsoHgoNOsP 886 -1.31
15.05 289.3 808.5846 807.5773 [M+H]" PC 20:5_18:0 CasHs2NOsP 837.8 -0.519
14.05 2769 706.5379  705.5307 [M+H]* PC 30:0 C3sH76NOsP 973.2 -0.589
1443 2793  720.5531 719.5458 [M+H]" PC31:0 C39H7sNOsP 5293 -1.78
1530 2824  734.5695 733.5623 [M+H]" PC32:0 CaoHsoNOsP 954.1 0.486
1549  281.8 734.5693  733.562 [M+H]* PC 32:0 CaoHsoNOsP 934.6 -0.534
1429  279.2  732.5541 731.5468 [M+H]" PC32:1 C4oH7sNOgP 973.9 0.471
1339 2763  730.5379  729.5307 [M+H]* PC 32:2 C4oH76NOsP 959.3 -0.024
14.83 2824  746.5698 745.5626 [M+H]" PC33:1 C41HgoNOsP 905.2 0.604
14.49  279.0 744.5557 743.5485 [M+H]* PC 33:2 C41H7sNOsP 809.7 2.778
13.99 278.6  744.5538 743.5465 [M+H]* PC 33:2 C41H7sNOsP 1000 -0.077
16.55 287.8 762.6014 761.5941 [M+H]" PC 34:0 C42Hs4aNOsP 920.2 0.476
1486 2817 758.5706 757.5633 [M+H]* PC 34:2 C42HsoNOsP 962.9 1.694
13.33  278.9  754.5387 753.5314 [M+H]* PC 34:4 CaoH76NOsP 940.6 0.612
16.05 2877 774.6001 773.5929 [M+H]* PC 35:1 C43Hs4sNOsP 967.3 -0.722
15.7 287.4 7745996  773.5924 [M+H]* PC35:1 C43HsaNOsP 744.9 -1.817
15.63  285.1  772.5866 771.5793 [M+H]* PC35:2 C43HgoNOgP 493.9 2.081
1499 2847 772.5836 771.5763 [M+H]* PC 35:2 C43HsoNOsP 895.0 -0.314
14.13  282.2  770.5686 769.5613 [M+H]* PC35:3 C43HgoNOsP 1000 -1.317
13.93  282.1 768.5538 767.5465 [M+H]* PC35:4 C43H7sNOsP 1000 -0.051
1498 286.6 784.5861 783.5788 [M+H]* PC36:3 CasH:NOsP 916.0 1.069
1528 2863  784.5849 783.5776 [M+H]" PC 36:3 CusH:NOsP 854.8 -0.252
14.09 282.8 782.5685 781.5612 [M+H]" PC36:4 CasHsoNOsP 895.6 -1.106
13.53  282.2  780.5532  779.5459 [M+H]* PC36:5 CasH7sNOsP 970.9 -0.489
13.80 283.0 780.5534 779.5461 [M+H]" PC 36:5 CasH7sNOsP 963.0 -0.834
12.86  280.0 778.5376 777.5303 [M+H]* PC 36:6 CasH76NOsP 946.1 -0.669
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13.19  281.0 778.5385 777.5312 [M+H]* PC 36:6 CasH76NOsP 1000 0.491
17.25 2922  802.6319 801.6247 [M+H]" PC37:1 C4sHssNOsP 858.6 0.107
16.43  290.1 800.6167 799.6094 [M+H]* PC37:2 CasHgeNOsP 1000 -0.122
15.11  288.0  796.5844  795.5772 [M+H]" PC37:4 C4sHsoNOsP 880.7 -0.889
1490 288.3  796.5842  795.5769 [M+H]" PC37:4 C4sHsoNOsP 1000 -1.04
14.43 2854 794.5707 793.5634 [M+H]* PC37:5 C4sHsoNOsP 825.3 1.891
13.79  284.5 792.5548 791.5475 [M+H]" PC37:6 C4sH7sNOsP 1000 1.498
1691 2921 814.6296 813.6223 [M+H]* PC 38:2 CasHssNOsP 968.2 -3.366
16.19  291.5 812.6166 811.6093 [M+H]" PC38:3 CasHgeNOsP 953.1 0.344
16.46 2913 812.6141 811.6068 [M+H]* PC 38:3 CasHssNOsP 976.7 -2.109
15.9 291.2  810.6007 809.5934 [M+H]* PC 38:4 C4sHs4sNOsP 961.0 -0.137
15.35 290.5 810.5998 809.5925 [M+H]" PC 38:4 C46HsaNOgP 983.0 -1.213
14.67 289.1 808.585  807.5777 [M+H]* PC 38:5 CasHsoNOsP 791.7 -0.052
14.39  286.8 806.5703 805.5628 [M+H]", [M+Na]* PC 38:6 Ca4sHgoNOgP 905.1 1.41

1473 290.6 820.584  819.5767 [M+H]" PC39:6 C47H32NOsP 1000 -1.836
14.97 290.5 820.5861 819.5788 [M+H]* PC 39:6 C47Hs:NOsP 546.8 1.293
17.35 2959 840.6455 839.6382 [M+H]* PC 40:3 C4sHooNOgP 847.9 -2.811
16.89 2948 838.63 837.6227 [M+H]" PC 40:4 CagHssNOsP 960.9 -2.194
16.55 2947 838.6313 837.6241 [M+HT* PC 40:4 Ca4sHgsNOgP 985.4 -0.957
1623 2944  836.6155 835.6082 [M+H]" PC 40:5 CagHssNOsP 1000 -0.63
15.89 2935 836.6158 835.6086 [M+H]* PC 40:5 CssHgsNOgP 854.5 -0.66
1556  292.6 834.6006 833.5934 [M+H]" PC 40:6 C4gHs4sNOsP 976.8 -0.056
14.47  290.6 832.5845 831.5772 [M+H]" PC 40:7 CagHsoNOsP 1000 -0.251
14.69 291.3  832.5848 831.5775 [M+H]* PC 40:7 CasHsoNOsP 1000 -0.187
15.04 2914 832.5843  831.577 [M+H]" PC 40:7 CagHsoNOsP 1000 -0.923
13.70  288.0  830.5684 829.5611 [M+H]* PC 40:8 CasHgoNOsP 609.5 -0.958
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7.86 239.5 5703542 569.347 [M+H]* PC O-22:5 C30H52NO7P 996.7 -2.558
16.18  283.6  720.5884 719.5811 [M+H]" PC O-32:0 CaoHs2NO7P 875.0 -2.431
16.00 281.2  718.5747 717.5674 [M+H]* PC O-32:1 CaoHgoNO7P 1000 0.123
15.10  280.7 718.5755 717.5682 [M+H]" PC O-32:1 CaoHsoNO7P 601.1 1.952
1495 278.5 716.5608 715.5535 [M+H]" PC O-32:2 CaoH7sNO7P 956.3 2.906
18.89  292.6 746.6103  745.603 [M+H]* PC 0-34:1 C4HssNO7P 980.2 4.319
16.09  284.1 744.5893  743.582 [M+H]" PC O-34:2 C42HgoNO7P 797.7 -1.047
1526  280.7 742.5745 741.5672 [M+H]* PC O0-34:3 C42HsoNO7P 1000 -0.098
16.65 288.8  772.6205 771.6132 [M+H]" PC O-36:2 CasHgeNO7P 929.4 -1.712
16.46  287.1 770.6044 769.5971 [M+H]* PC 0-36:3 CusHssNO7P 1000 -1.952
15.3 286.4 768.5895 767.5822 [M+H]* PC O0-36:4 CuH:NO7P 940 -0.845
14.61 286.5 766.5755 765.5682 [M+H]" PC 0-36:5 CasHgoNO7P 1000 1.37

1493  283.8 766.5736 765.5663 [M+H]* PC 0-36:5 CasHsoNO7P 1000 -1.101
15.11  283.7 766.5743  765.5671 [M+H]* PC O-36:5 CasHgoNO7P 437.0 -0.281
1442 281.4 764.5587 763.5514 [M+H]" PC 0-36:6 CausH7sNO7P 739.9 -0.781
1546 288.4  780.5905 779.5833 [M+H]* PC O-37:5 C4sHgNO-P 464.0 0.464
15.26  278.5  774.5428 773.5355 [M+H]* PC O-37:8 C4sH76NO7P 570.3 -0.043
17.03 292 798.6364  797.6291 [M+H]" PC O0-38:3 CasHssNO7P 842.3 -0.792
1632  289.6  794.6053  793.598 [M+H]* PC O-38:5 C46HsaNO-P 990.0 -0.549
1559  290.1 794.605  793.5978 [M+H]" PC O0-38:5 CasHsaNO7P 978.3 -1.032
1596  290.1  794.6056 793.5983 [M+H]* PC O-38:5 C46HsaNO-P 579.9 -0.494
1520 288.0 792.5892 791.5819 [M+H]" PC O-38:6 CusHs2NO7P 1000 -1.109
1492 2875 790.5741 789.5668 [M+H]" PC O0-38:7 CasHsoNO7P 560.7 -0.735
17.69  296.2  824.6529 823.6457 [M+H]* PC 0-40:4 CasHooNO7P 892.1 0.185
1736  295.6  824.6509 823.6436 [M+H]" PC 0-40:4 CagHooNO7P 844.6 -2.204
16.48 2943 822.636  821.6287 [M+H]* PC 0-40:5 CasHgsNO7P 971.5 -1.227
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15.62 2925 820.6193  819.612 [M+H]* PC 0-40:6 CasHgeNO7P 1000 -2.635
17.6 2994  850.6683  849.661 [M+H]" PC 0-42:5 CsoHooNO7P 196.7 -0.008
16.72  296.9  848.6516 847.6443 [M+H]* PC O0-42:6 CsoHgoNO7P 1000 -1.499
19.97 305.5 880.7187 879.7114 [M+H]" PC 0-44:4 Cs2HosNO7P 151.0 4.185
18.72 3034 878.6996 877.6924 [M+H]" PC 0-44:5 Cs2HosNO7P 231.2 -0.085
17.82 301.6 876.6837 875.6764 [M+H]* PC 0-44:6 Cs2HosNO7P 796.2 0.074
18.46 301.9 876.6839 875.6766 [M+H]" PC O-44:6 Cs2HosNO-P 525.2 -0.171
1533 2739 718.5337 717.5264 [M+H]* PE 21:0 13:1 C3oH76NOsP 836.4 -5.716
14.59  271.6  716.5232 715.5159 [M+H]" PE 34:2 C39H74NOgP 930.4 0.686
16.41  279.4  746.5699 745.5626 [M+H]* PE 36:1 C41HsoNOsP 775.0 0.598
1546  276.5 744.5547 743.5475 [M+H]* PE 36:2 C41H7sNOsP 1000 1.142
15.67 278.1  744.5539 743.5466 [M+H]" PE 36:2 C41H7sNOsP 529.4 0.139
1490 2748 742.5388 741.5315 [M+H]* PE 36:3 C41H76NOsP 814.3 1.065
14.71 2745 742.5384 741.5312 [M+HT* PE 36:3 C41H76NOsP 446.8 0.544
1453  275.1 740.5229 739.5157 [M+H]* PE 36:4 C41H74NOsP 850.2 0.65

13.95 271.5 740.5219 739.5146 [M+H]* PE 36:4 C41H74NOsP 951.1 -0.738
15.64 2804 768.5541 767.5468 [M+H]* PE 38:4 C43H7sNOgP 679.8 0.281
14.67 2769 766.5383 765.5311 [M+H]* PE 38:5 C43H76NOsP 872.5 0.251
15.03 278.1  766.5386 765.5313 [M+H]* PE 38:5 C43H76NOgP 869.3 0.243
14.40 2767  764.522  763.5147 [M+H]* PE 38:6 C43H74NOsP 1000 -0.848
13.88 2745 764.5232 763.5159 [M+H]* PE 38:6 C43H74NOsP 388.9 0.459
1550 281.8 792.554  791.5467 [M+H]" PE 40:6 C4sH7sNOsP 647.9 0.278
8.31 2245 480.3117 479.3044 [M+H]" PE O-15:1 3:0 Ca3H46NO7P 797.3 7.216
14.94 2752  748.5278  747.5205 [M+H]* PE O-16:1_22:6 C43H74NO7P 942.1 0.29

15.15 2695 700.5282  699.5209 [M+H]" PE O-34:3 C3oH74sNO7P 785.7 0.614
16.97 278.4  730.5774 729.5701 [M+H]* PE 0-36:2 C41HgoNO7P 409.0 4.184
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16.04 276.6 7285594 727.5521 [M+H]" PE 0-36:3 C41H7sNO-P 876.8 0.733
1528 2735 7265429  725.5357 [M+H]* PE 0-36:4 C41H76NO-P 971.1 -0.584
1550  273.6 7265447 725.5375 [M+H]" PE 0-36:4 C41H76NO-P 400.0 1.677
15.11 2725 7245276  723.5204 [M+H]" PE 0-36:5 C41HNO-P 633.2 0.153
1445 2709 7225132 721.5059 [M+H]* PE 0-36:6 CytH,NO-P 1000 1.733
19.68  280.1  746.6071  745.5998 [M+H]" PE 0-37:1 C42HgyNO-P 262.1 1.672
15.64 275  738.5436  737.5363 [M+H]* PE 0-37:5 Cs2H76NO-P 1000 0.88

16.19 2784  752.5584 751.5511 [M+H]" PE 0-38:5 Cy43H7sNO-P 617.2 -0.237
1557  276.6  750.5445 749.5372 [M+H]* PE 0-38:6 Ca3H76NO7P 812.5 1.274
1524 2757  750.5432  749.5359 [M+H]" PE 0-38:6 C43H76NO-P 731.3 -0.036
1631 2824  778.5743  777.5671 [M+H]" PE 0-40:6 CysHzoNO-P 670.5 0.558
16.61 2828 7785729 777.5656 [M+H]* PE 0-40:6 CasHzoNO-P 177.1 -1.803
12.65 276.6 6755438 674.5365 [M+H]" SM 16:1;02/16:0 CsHisN2OP 968.7 0.28

13.87 2817 703.5762 702.5674 [M+HT", [M+H]", [M+Na]", [M+H]* SM 18:1;02/16:0 CioHoN2OP 9549 1.957
14.09 2812 703.5747 702.5674 [M+H]" SM 18:1;02/16:0 CsoHoN2OP 951.5 -0.034
1646 291.6  759.6371  758.6298 [M+H]* SM 18:1;02/20:0 CiHgN,OP 9211 -0.466
17.66  295.6  787.6691 786.6617 [M+H]", [M+Na]* SM 18:1;02/22:0 CosHoN2OP 9499 0.534
17.55  297.9 813.6848 812.6775 [M+H]" SM 18:1;02/24:1 CyHosN2OP 8709 0.584
1291  278.6 7015599  700.5526 [M+H]* SM 18:2;02/16:0 CaHpN,OP  958.5 1.064
1146 272 6475117 646.5044 [M+H]" SM 30:1;02 CssHnN,OP 978.3 -0.823
10.57  265.1 6714727 670.4655 [M+H]* SM 31:4;03 Ci6HerN20-P 166.3 -4.624
13.12 2795  677.5579 676.5507 [M+H]* SM 32:0;02 C37H77N206P 1000 -1.585
1549 290  745.6256 744.6183 [M+H]* SM 33:1;20/4:0 CaHgsNoOsP 999.9 4.168
13.04 2794  689.559  688.5517 [M+H]* SM 33:1;02 CisHN2OP 644.8 0.016
1326 2789 689.5594 688.5521 [M+H]" SM 33:1;02 CssH7N,OP 9944 0.175
144 2837 7055893  704.584 [M+H]", [M+Na]* SM 34:0;02 CyoHsN2OP 9477 -1.812
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14.42 281 703.5745  702.5672 [M+H]* SM 34:1;02 C39H79N2O6P 971.2 -0.126
13.39  287.2 719.5702  718.563 [M+H]" SM 34:1;03 C30H79N>O7P 1000 0.897
13.55 278.5 701.5596 700.5523 [M+H]* SM 34:2;02 C39H77N206P 1000 0.243
14.54  286.1 717.5903  716.583 [M+H]" SM 35:1;02 C40Hs1N2O6P 1000 -0.442
15.64 2893  733.6202 732.6129 [M+H]" SM 36:0;02 C41HgsN2OgP 783.2 -1.959
15.17 287 731.6056  730.5983 [M+H]* SM 36:1;02 C41HgzN>OP 842.7 -0.793
14.38  283.7  729.5902  728.5829 [M+H]" SM 36:2;02 C41Hg1N2O6P 1000 -0.644
14.13  283.6  729.5897 728.5807 [M+H]", [M+Na]* SM 36:2;02 C41HgiN2OP 958.8 -0.665
13.34  281.8  727.5748 726.5676 [M+H]" SM 36:3;02 C41H79N2O6P 989.2 0.071
15.89 2903  745.6219 744.6146 [M+H]* SM 37:1;02 CaHgsN2OgP 845.1 -0.097
1670 2917  759.6363 758.6291 [M+H]* SM 38:1;02 C43Hg7N2O6P 985.2 -1.591
15.68 288.9  757.6202 756.6129 [M+H]" SM 38:2;02 C43HgsN2OgP 976.1 -2.498
15.12 2882  753.5875 752.5802 [M+H]* SM 38:4;02 C43Hg1N2OP 987.1 -3.4

17.10  293.6  773.6529 772.6456 [M+H]* SM 39:1;02 Ca4HgoN2O6P 955.5 -0.317
16.74 293.6  773.6548 772.6475 [M+H]" SM 39:1;02 C44HgoN2OP 1000 1.659
16.06  292.1  771.6378 770.6305 [M+H]* SM 39:2;02 CasHg7N>O6P 1000 0.128
16.38 2939  785.6522 784.6449 [M+H]* SM 40:2;02 Ca4sHgoN2OgP 970.3 -1.067
16.66 294 785.6527  784.6455 [M+H]" SM 40:2;02 C4sHgoN2OP 887.9 -0.815
1548 2922  783.6371 782.6298 [M+H]* SM 40:3;02 Ca4sHg7N2O6P 99.03 -1.007
1829 2979 801.6841 800.6788 [M+H]", [M+Na]* SM 41:1;02 Ci6Ho3N2OP 972.5 -0.495
17.29 2958 799.6686 798.6613 [M+H]* SM 41:2;02 CasHo1N206P 965.0 -0.367
16.96  295.8 799.668  798.6608 [M+H]" SM 41:2;02 Ci6Ho1N2OP 914.8 -0.9

16.06 2942  797.6535 796.6462 [M+H]" SM 41:3;02 C46HgoN2OP 989.1 0.36

19.28 300 815.6983  814.691 [M+H]* SM 42:1;02 C47H9sN2O6P 957.6 -2.281
18.88 3003 815.7001 814.6924 [M+H]", [M+Na]* SM 42:1;02 C47HosN2OP 932.8 -0.199
16.91  300.5 831.6911 830.6838 [M+H]* SM 42:1;03 C47HosN,O7P 1000 -4.531
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16.58 2963  811.6687 810.6606 [M+H], [M+Na]* SM 42:3;02 CoHoN2OP 9453 0.036
15.95 295  809.6522  808.645 [M+H]* SM 42:4;02 Ca7HgoN206P 1000 -1.101
15.67 2949  809.6526 808.6454 [M+H]" SM 42:4;02 CyHsoN2OP 981.0 -0.364
19.53 3023 829.7133  828.706 [M+H]* SM 43:1;02 CasHorN2OgP 7347 -2.794
17.17 2984  825.6848 824.6776 [M+H]* SM 43:3;02 CisHosN2OgP 599.4 0.518
2040 2945  778.6908  760.6559 [M+NH,]", [M+Na]" TG 13:0 16:1 16:1 CasHisO6 793.7 -1.45
20.76 293 754.6917 736.6577 [M+NH,]*, [M+Na]" TG 14:0 _14:0_15:0 Ca6HssOs 840.8 -0.292
21.03 2952  768.708  750.674 [M+NH,]", [M+NH,]", [M+Na]* TG 14:0 14:0 16:0 C47Ho006 925.8 0.533
20.55 2937 766.6917 748.6578 [M-+NH.]", [M+Na]", [M+NH.]" TG 14:0_14:0_16:1 C7His06 796.1 -0.266
20.09 292.1  764.6751 746.6421 [M+NH,]", [M+Na]" TG 14:0 14:1 16:1 C47Hs606 843.5 -1.498
21,55 299.7 7967389  778.705 [M+NH,]" TG 14:0 16:0 16:0 Ca9Ho406 680.1 0.024
23.01 3188 908.8631 890.8292 [M+NH,]" TG 14:0_16:0 24:0 Cs7H 1006 529.2 -0.796
21,56 304 822.7541 804.7203 [M+NH,]" TG 14:0 18:1 16:0 Cs1Ho6O6 892.1 -0.347
20.67 299.7 818.7231  800.6893 [M+NH.]" TG 14:0 18:2_16:1 Cs1Ho206 491.9 -0.156
2292 3168 894.848  876.8142 [M+NH,]" TG 14:0 24:0 15:0 CssHi0sO06 379.9 -0.447
19.90 2925 776.6778 758.6441 [M+NH,]*, [M+Na]* TG 14:1_15:1_16:1 CasHseOs 887.1 2.01

20.64 2967 7927075 774.6737 [M+NH.]" TG 14:1_16:1_16:0 Ca9HooOs 538.6 0.114
21.78 3027 8107547  792.7209 [M+NH,]" TG 15:0_16:0 16:0 Cs0HosO6 778.4 0.417
2138 3012 808.7385  790.7047 [M+NH.]" TG 15:0_16:0_16:1 Cs0HosO6 663.7 -0.406
2141 3069 860.7698 842.7363 [M+NH,]*, [M+Na]" TG 15:0 18:1 18:2 Cs4HosO06 604.3 -0.471
20.97 3027 832.7388 814.7038 [M-+NH,]", [M+Na]* TG 15:1_18:1_16:1 Cs2HosO6 461.3 0.134
2141 2998  796.7386  778.7048 [M+NH,]* TG 16:0_15:0 15:0 CaoHo4O6 673.0 0.082
2321 3212 922.8796 904.8458 [M+NH.]* TG 16:0_15:0 24:0 CssH11206 531.3 -0.087
2167 302 810.7543  792.7205 [M+NH.]* TG 16:0_16:0_15:0 Cs0HogO6 705.8 -0.232
21,77 3072 848.7686  830.7348 [M+NH.]* TG 16:0_16:0 18:2 Cs3HosO6 664.2 -1.29
2220 310.6 864.8012 846.7674 [M+NH,]* TG 16:0_17:0 18:1 CsqH 10206 69.06 -0.289
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2374 327.6  964.927  946.8931 [M+NH,]" TG 16:0_17:0 25:0 CoiH11506 458.3 0.264
2240 3127 878.8166 860.7827 [M+NH,]" TG 16:0_18:1_18:0 CssH 10406 852.7 -0.603
2352 3283  976.927  958.8932 [M+NH,]" TG 16:0 18:1 25:0 Ce2H11506 392.2 0.646
2125 307.8 872771  854.7372 [M+NH,]" TG 16:0_18:2 18:2 CssHosO6 774.3 1.031
2322 3239 948.8955 930.8617 [M+NH,]" TG 16:0_25:0_16:1 CoH 11406 407.1 0.258
21.06 2984 7947237  776.6899 [M+NH,]" TG 16:1_14:0 16:0 Ca9Ho206 562.6 0.618
20.50 2979  804.7069  786.6731 [M+NH,]" TG 16:1_14:1 17:1 Cs0HooO6 531.9 -0.933
2096  299.6  806.7229  788.6891 [M+NH,]" TG 16:1_15:1 16:0 Cs0Ho206 434.9 -0.347
202 2949  790.6909 772.6574 [M-+NH,]", [M+Na]* TG 16:1_16:1_14:1 CaoHisO6 527.0 -1.543
2075  302.6 844.7387  826.7048 [M+NH,]", [M+Na]" TG 16:1 16:1 18:2 Cs3Ho4O6 670.2 0.294
2140 3043 834754  816.7201 [M+NH,]", [M+Na]" TG 16:1_18:1 15:0 Cs52Ho6O6 524.6 -0.506
20.62 3053 868.7387  850.7048 [M+NH,]" TG 16:1_18:3 18:2 CssHosO6 649.2 -0.192
2311 3222 934.8798  916.846 [M+NH,]" TG 16:1 24:0 16:0 CsoH 11206 429.1 0.324
20.99  304.1 844.7394 826.7056 [M+NH.]" TG 16:2_18:2_16:0 Cs3Ho4O6 388.7 0.2

22.59 3207  944.863  926.8292 [M+NH,]" TG 16:2 23:0 18:1 CoH11006 312.2 _1.174
21.82 3044 8247696 806.7358 [M+NH,]" TG 17:0_15:0_16:0 Cs1HosO6 852.0 -0.516
235 3252 9509111 932.8772 [M+NH.]" TG 17:0_16:0 24:0 CeoH 11606 480.9 -0.007
23.8 3294 9789426  960.9087 [M+NH,]" TG 17:0_16:0 26:0 Ce2H 12006 437.5 0.124
226 3122 866.8167 848.7829 [M+NH,]* TG 17:0_18:0_16:0 Cs4H 10406 5245 -0.454
22.18 3135 890.8169  872.783 [M+NH,]" TG 17:0_18:1 18:1 Cs6H 10406 690.9 -0.245
21.01  305.1 858.7547  840.7208 [M+NH,]" TG 17:1_18:2_16:1 Cs4Ho6O6 678.2 0.175
22.02 3048 8247703 806.7364 [M+NH,]* TG 18:0_16:0 14:0 Cs1HosO6 824.6 0.122
2221 3073 838.7856  820.7517 [M+NH.]* TG 18:0_16:0 15:0 Cs2H 10006 680.8 -0.338
2243 309.7 852.8009 834.7671 [M+NH.]* TG 18:0_16:0_16:0 Cs3H 10206 696.6 -0.541
23.13 3195 908.8641 890.8303 [M+NH.]* TG 18:0_16:0 20:0 Cs7H 11006 552.7 0.164
2279 3146 880.8329 862.8001 [M+NH,]*, [M+Na]* TG 18:0_18:0 16:0 CssHi0606 775.4 0.175
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2291 314.1 880.8296 862.7958 [M+NH,]* TG 18:0 18:0 16:0 CssHi0606 750.1 -3.936
22.76 3183 906.8488  888.815 [M+NH,]* TG 18:0_18:0_18:1 Cs7H 10806 562.7 0.41

22.06 3145 902.8172 884.7834 [M+NH,]* TG 18:0 18:2 18:1 Cs7H 10406 834.6 0.156
21.78 306  836.7701 818.7362 [M+NH,]* TG 18:1_15:0_16:0 Cs2HosOs 597.3 -0.104
21.67 3053 836.7687 818.7348 [M+NH,]" TG 18:1_16:0_15:0 CsaHosOs 602.0 2242
22.01 3082 850.7859 832.7521 [M+NH,]* TG 18:1 16:0 16:0 Cs3Hi10006 927.5 0.192
21.78 3087 862.7855 844.7517 [M+NH,]" TG 18:1_16:0_17:1 CsaH 10006 753.6 -0.361
21.63 3104 8747854 856.7516 [M+NH,]* TG 18:1 16:0 18:2 CssH10006 902.6 -0.818
21.10 3014 8207395 802.7056 [M+NH,]" TG 18:1_16:1_14:0 Cs1Ho406 753.9 0.769
2156 307.2 8487707 830.7369 [M+NH,]* TG 18:1 16:1 16:0 Cs3HosOs 845.3 0.369
22,79 323.1 958.8797 940.8459 [M+NH,]* TG 18:1 16:1 24:1 CoiH 11206 387.3 0.1

2273 3209  932.864  914.8301 [M+NH,]" TG 18:1_18:0 20:1 CsoH 1006 468.7 -0.096
2200 3114 876.8022 858.7684 [M+NH,]* TG 18:1 18:1 16:0 CssH 10206 913.1 0.848
21.82 3117 888.8013 870.7675 [M+NH,]* TG 18:1 18:1 17:1 Cs6H 10206 7455 -0.246
2139 3185 948.8034 930.7695 [M+NH,]* TG 18:1 18:1 22:6 Co1H 10206 353.3 1.927
2237 3155 904.8324 886.7985 [M+NH,]" TG 18:1 20:1_16:0 Cs7H 0606 725.4 -0.443
23.71 3304 990.9437  972.9098 [M+NH.]" TG 18:1_26:0_16:0 CesH 12006 398.8 1.406
21.17 3049 846.7551 828.7213 [M+NH,]* TG 18:2 14:0 18:1 Cs3HoeOs 591.3 0.724
20.60 3013  830.7228 812.6889 [M+NH.]" TG 18:2_15:1_16:1 Cs2HoxO6 612.9 -0.759
2022 297.0 816.7049 798.6711 [M+NH,]* TG 18:2 16:1 14:1 Cs1HooOs 263.7 -3.851
2131 3048  846.754  828.7201 [M+NH,]" TG 18:2_16:1_16:0 Cs3HocOs 495.9 -0.262
2141 3103 886.7852 868.7514 [M+NH,]* TG 18:2 17:1 18:1 Cs6H10006 483.9 -0.934
21.63 3138  900.8012 882.7673 [M+NH.]* TG 18:2 18:1 18:1 Cs7H 10206 854.1 -0.33
2212 317.6  928.8322  910.7983 [M+NH,]* TG 18:2_18:1 20:1 CsoH 0606 633.9 -0.572
209 3063 8707542  852.7204 [M+NH.]* TG 18:2 18:2 16:1 CssHoeOs 690.5 -0.05
2126 311.6 898.7858  880.7519 [M+NH,]* TG 18:2 18:2 18:1 Cs7H 10006 792.6 0.01
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2051 3072 894.7535  876.7207 [M+NH,]*, [M+Na]" TG 18:2 18:2 18:3 Cs7Ho606 810.5 -1.093
20.77 311.8 9207713 902.7375 [M+NH.]" TG 18:2 18:2 20:4 Cs9HosO6 599.8 0.921
2043 3104  918.7541  900.7203 [M+NH,]" TG 18:2 18:3 20:4 Cs9HosO6 300.9 -0.428
20.64 3142  944.7695 926.7357 [M+NH.]" TG 18:2 20:4 20:4 Co1HosO6 466.4 -0.704
22.74 3258 984.8945 966.8607 [M+NH,]" TG 18:2_22:1 20:1 C3H 11406 576.7 -1.369
21.00 3135  920.7702  902.7364 [M+NH,]" TG 18:2 22:6 16:0 Cs9HosO6 627.6 0.015
2037 301 8427234  824.6896 [M+NH,]" TG 18:3_14:0 18:2 Cs3Ho206 491.9 -0.506
2091 3009 818.7215 800.6877 [M+NH,]" TG 18:3 16:0 14:0 Cs1Ho206 355.0 2.122
20.88  309.4 896.7702 878.7356 [M+NH,]", [M+Na]" TG 18:3_18:1 1822 Cs7Hos06 812.9 -0.021
21.14  311.1  896.7694 878.7356 [M+NH,]" TG 18:3 18:2 18:1 Cs7Hos06 589.7 -0.535
2221 3166 9168328  898.799 [M+NH,]" TG 19:1 18:1 18:1 CssHi0606 633.9 -0.09
2247 3189 930.8483 912.8145 [M+NH,]" TG 20:2_18:0 18:1 CsoH 0806 387.7 0.588
21.16  313.8  922.7847 904.7508 [M+NH,]" TG 20:4 18:2 18:1 CsoH 10006 556.7 -0.809
23.08 324.6  960.8957 942.8618 [M+NH.]" TG 22:0_18:1 18:1 Co1H 1406 389.4 0.296
21.82  317.1 926.8166 908.7828 [M+NH,]" TG 22:4 18:1 16:0 Cs9H 10406 489.1 -0.802
21.02  316.6 946.7863 928.7525 [M+NH,]" TG 22:6_18:1 1822 CorH 10006 4825 0.551
2296 3223  946.8789 928.8451 [M+NH.]" TG 23:0_18:1_16:1 CeoH 11206 317.8 -0.541
2343 3235  936.8955 918.8617 [M+NH,]" TG 24:0 16:0 16:0 CsoH 1406 515.9 0.17

2295 319.7 920.8638  902.83 [M+NH,]* TG 24:0_16:1_15:0 CssH 11006 401.8 -0.184
2258 3184 918.8487 900.8148 [M+NH,]" TG 24:0 16:1 15:1 CssHi0sO06 399.4 0.339
2342 3262 9629114 944.8776 [M+NH,]" TG 24:0_18:1_16:0 CorH11606 385.6 0.422
23.10  327.1 9869122 968.8784 [M+NH,]" TG 24:0 18:2 18:1 Ce3H11606 525.4 1.197
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7.5. Supporting information for Chapter VI: “Untargeted Lipidomics Analysis Reveals
Specific Lipid Profiles in Hospitalized Covid-19 patients predictive for Severity and Mor-

tality Outcome”
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Figure S5.1. 2D left) and 3D right) PCA score plot showing the discrimination of different classes
and the clustering of QC samples: Covid (-), red; Mild, green; QC, blue; Severe, light-blue. The re-
peatability of the system was evaluated using QC samples. The average coefficient of variation (CV
%) of the investigated lipids in the pooled QC samples was 12.0 %, this can be also visualized by the

satisfactory QC clustering in the score plot of principal component analysis (PCA).
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Figure S5.2. UHPLC-TIMS-MS data were acquired working in parallel accumulation serial fragmen-

tation (PASEF) mode and analyses were acquired in positive and negative ionization mode. Fre-

quency distribution of mass accuracy (A), ACCS (B) MS/MS score (C). Pearson correlation of QC

replicate injections (D). Retention time reproducibility resulted in a median CV value of 0.42 %, prior

to the RT alignment. Average MS/MS score, mass accuracy (ppm) and cross collision section error

values were, respectively: 914.60 MS/MS score, 0.60 Appm, 1.30 % ACCS.
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Figure S5.3. Sub-classification of the 348 putative unique monitored lipids with relative percentages:
cholesteryl esters (CEs), diacylglycerols (DGs), triacylglycerols (TGs), phosphatidylinositols (Pls),
lysophosphatidylinositol (LPI) lysophosphatidylcholines (LPCs), ether-linked lysophosphatidylcho-

lines (LPC-Os) lysophosphatidylethanolamines (LPEs), phosphatidylcholines (PCs), ether-linked
phosphatidylcholines (PC-Os) phosphatidylethanolamines (PEs), ether-linked phosphatidylethanola-
mines (PE-Os), sphingomyelins (SMs), ceramides (Cers), hexosylceramides (Hexcers), dihexosylcer-
amide (Hex2cer). PCs was the most present lipid subclass in the final dataset, covering the 23.85 % of
the annotations, followed by TGs (13.79 %), PC-Os (13.79 %) and SMs (11.78 %). A lower number of
PEs (6.03 %), LPCs (6.0 3%), PE-Os (5.46 %), PIs (4.60 %), CEs (4.02 %) and DGs (3.74 %) were
annotated. The less present subclasses were: Cers (2.30 %), LPEs (2.30 %), LPC-Os (0.86 %), Hex-

Cer (0.86 %) and Hex2Cer (0.29 %).
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Figure S5.4. PLS-DA cross-validation parameters, R’ and QF results estimated via cross validation

and permutation test results based on 1000 iterations.
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Figure S5.5. Tukey’s multiple comparison test of normalized intensity of the selected lipid panel in Mild-Survivor (blue), Mild-Non Survivor (pink), Severe-Survivor

(red) and Severe-Non Survivor (black) patients (ns: not significant, *: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001).
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Figure S5.6. Heatmap of top 25 lipids adjusted for age and sex covariates. (A and B indicate potential isomers).
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Figure S5.7. RF features ranked by their contributions to classification accuracy adjusted for covari-

ates sex and age.
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Table S5.1. RP-UHPLC-TIMS-Q-TOF based annotation of lipids in Covid-19 plasma samples, lipids are sorted by class: Lipid annotation was carried out with a

combined rule based and spectral library approach following the lipidomic standard initiative guidelines (https://lipidomics-standards-initiative.org/).

RT m/z M Tons Name Molecular MS/MS Am/z ACCS Mob. CCS % QC/
[min] meas meas. Formula score [ppm] [%] 1/K0 (A SAMPLES
16.63 614.58701 596.55318 [M+NH,]" CE 14:0 C4H70, 937.7 -0.221 2.6 1.375 281.5 80/84.8
16.77 628.60242 610.56859 [M+NH,]" CE 15:0 C42H740; 964.7 -0.251 2.3 1.383 283.1 60/88.3
16.93 642.61827 624.58457 [M+NH,4]",[M+H]" CE 16:0 C43H760; 969 -0.105 1.9 1.391 284.5 100 /100
16.62 640.6029 622.56908 [M+NH,]" CE 16:1 C43H740, 972.2 0.363 2.7 1.387 283.8 100/100
17.02 656.63389 638.59984 [M+NH4]",[M+Na]* CE 17:0 C44H70, 949.1 -0.249 2.3 1.407 287.8 80/97.2
16.77 654.61831 636.58448 [M+NH,]" CE 17:1 C44H760; 974.1 -0.296 2.3 1.401 286.5 100/99.3
17.19 670.64809 652.61562 [M+NH,]",[M+Na]",[M+K]" CE 18:0 C4sHs00, 963.2 -2.395 1.8 1.42 290.3 100 /100
16.91 668.63471 650.60088 [M+NH,]" CE 18:1 Ci4sH70, 970.6 1.098 22 1.417 289.6 100/100
16.65 666.61927 648.58544 [M+NH,]" CE 18:2 C4sH760, 965.8 1.380 2.8 1.419 290.1 100/ 100
16.14 662.58708 644.55325 [M+NH,]" CE 18:4 C4sH70, 957.2 0.078 4.7 1.418 289.8 100/86.9
16.68 692.63403 674.6002 [M+NH,]" CE 20:3 C47H70, 952.4 0.016 33 1.444 295 100/100
16.48 690.61902 672.58481 [M+NH4]",[M+K]",[M+H]*,[M+Na]" CE 20:4 C47H760, 965.6 0.987 2.6 1.436 293.3 100/ 100
16.23 688.60287 670.56886 [M+NH,]",[M+Na]*,[M+H]*,[M+K]" CE 20:5 C47H740, 960.9 0.259 3.8 1.426 291.3 100/ 100
16.33 714.6185 696.58452 [M+NH,]",[M+H]" CE 22:6 C4oH760, 944.0 0.221 24 1.447 295.4 100/ 100
9.93 538.52071 537.51172 [M+H]",[IM+H-H,0]",[M+Na]" Cer 18:1;02/16:0 C33He7/NO; 972.0 2.419 0.1 1.254 257.5 100/98.6
14.83 622.61332 621.60604 [M+H]* Cer 18:1;02/22:0 C40H7NO; 884.3 0.071 1.6 1.355 2774 100/ 100
15.06 636.62892 635.62165 [M+H]* Cer 18:1;02/23:0 C4HgNO; 828.3 -0.254 29 1.378 281.9 100/ 100
15.27 650.64439 649.63711 [M+H]* Cer 18:1;02/24:0 C4HgNO; 747.1 -0.198 24 1.385 283.3 100/ 100
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14.81 648.6283 647.62102 [M+H]" Cer 18:1;02/24:1 C4HgiNO; 772.0 -0.870 22 1.375 281.2 100 /100
14.65 634.61329 633.60601 [M+H]" Cer 18:2;02/23:0 C41H7NO; 635.7 -0.126 1.0 1.349 275.9 100/79.3
14.89 648.62846 647.62089 [M+H]",[M+Na]* Cer 18:2;02/24:0 CyHgiINO3 631.5 -0.677 1.8 1.369 280 100/79.3
14.57 568.56614 567.55887 [M+H]" Cer 36:0;02 C36H73NO3 214.0 -0.220 1.1 1.306 267.9 60 /89

14.17 612.55589 594.5221 [M+NH,]",[M+Na]" DG 16:0_18:1 C37H;005 858.3 -0.416 1.3 1.298 265.9 100/ 100
13.32 610.53999 592.50704 [M+NH,]",[M+K]" DG 16:0_18:2 C37Hes0s 890.7 -0.718 1.7 1.283 262.7 100/ 100
12.95 610.53976 592.50593 [M+NH,]" DG 16:1 18:1 C37He30s 914.2 -1.357 0.8 1.271 260.3 100/ 100
10.5 608.52521 590.49132 [M+NH,]",[M+K]",[M+Na]* DG 16:1 18:2 C37H660s 814.5 0.317 0.6 1.249 255.8 100/93.8

[M+NH,]",[M+Na]",
15.16 642.60293 624.56916 DG 18:0_18:0 C39H760s 663.5 -0.302 1.7 1.337 273.5 100/ 100
[M+H-H,0]",[M+H]",[M+K]"
14.74 640.58666 622.55319 [M+NH,]",[M+K]",[M+Na]",[M+H]" DG 18:0_18:1 C39H7405 888.2 -1.317 2.6 1.329 271.9 100/99.3
[M+NH,]",[M+K]",[M+Na] [M+H]",
14.23 638.5717 620.53839 DG 18:1 _18:1 Cs39H7,05 935.6 -0.164 2.5 1.312 268.4 100/ 100
[M+H-H,0]"*
[M+NH,]",[M+Na]",[M+K]",
13.56 636.55614 618.52238 DG 18:1_18:2 C39H7005 955.0 -0.011 1.8 1.292 264.4 100/ 100
[M+H-H,0]"

14.04 662.57243 644.53901 [M+NH,]",[M+K]",[M+Na]* DG 18:1_20:3 C41H7,05 593.1 -0.079 2.9 1.326 271.2 100/97.2
12.88  660.55544 64252212 [M+NH,]",[M+Na]",[M+K]" DG 18:1_20:4 C4H,005 760.6 -1.293 23 1313 2685 100/98.6
11.09 634.54003 616.5065 [M+NH,]",[M+K]* DG 18:2 18:2 C;39He50s 955.2 -0.656 1.6 1.268 2594 100/ 100
9.69 682.5386 664.50591 [M+NH,]",[M+Na]",[M+K]" DG 18:2 22:6 Cy3HesOs 767.3 -2.258 2.2 1.311 267.9 100/92.4
15.85 714.60266 696.56934 [M+NH,]",[M+K]",[M+Na]* DG 22:6_20:0 Cy4sH760s 656.4 -0.449 0.7 1.432 2923 80/100
7.23 862.62554 861.61706 [M+H]",[M+Na]* Hex2Cer 18:1;02/16:0 C46Hg7NO 3 457.2 0.616 2.1 1.505 306.2 100/ 100
14.34 784.66504 783.65594 [M+H]",[M+K]* Hex-Cer 18:1;02/22:0 C46HgoNOsg 277.4 -1.532 1.4 1.472 300 100/ 100
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1484  812.69664  811.6898 [M+HT,[M+Na]",[M+K]" Hex-Cer 18:1;02/24:0 CasHosNOg 210.0 -0.958 12 1498 305.1 100/99.3
1432 81067961  809.67233 IM+H]' Hex-Cer 18:1;02/24:1 CasHoiNOs 169.7 -2.665 15 1491 30356 100/ 100
111 46830852  467.30124 [M+H]" LPC 14:0 Cr2HigNOP 990.7 0.184 03 1092 2251 100/ 100
126 48232419  481.31692 [M+H]" LPC 15:0 Cp3HysNO;P 977.8 0.223 03 1.107 228 100/ 100
147 49633916 4953326 [M+H]",[M+H-H,0]",[M+Na]",[M+K]" LPC 16:0 C4H50NO,P 987.9 1228 1.9 113 2326 100/ 100
118 53831679 49331859 [M+HCOO] LPC 16:1 Ca4HysNO;P 959.9 3334 14 1145 2352 100/979
173 51035543 509.34815 [M+H]" LPC 17:0 CasHsNO;P 959.2 -0.023 0.7 115 2365 100/ 100
133 50833968 507.3324 [M+H]" LPC 17:1 C,sH50NO;P 993.7 20211 18 1126 2315 100/ 100
206 52437082 523.36369 [M+HT,[M+K]",[M+Na]" LPC 18:0 CaHs:NO;P 9732 -0.465 0.7 1169 2403 100/ 100
155  566.34851 5213503 [M+HCOO] LPC 18:1 CaeHsNO,P 9794 3.821 0.7 118 242 100/ 100
154 52235552 521.3483 [M+H]",[M+Na]",[M+K]" LPC 18:1 CaHs;NO;P 938.8 0.163 0 1143 2349 100/ 100
126 56433284  519.33464 [M+HCOO] LPC 182 CaH;0NO,P 975.5 3.902 23 1166 2393 100/ 100
125 52033948  519.33208 [M+H],[M+K]" LPC 18:2 Ca6Hs0NO,P 987 0.548 1.1 1117 2297 100/ 100
214 55038601  549.37873 IM+H]' LPC 20:1 CasHssNOP 969.8 1382 1.0 1182 2426 100/ 100
165 54836906  547.36178 [M+H]" LPC 20:2 CasHsNOP 992.3 -4.674 04 1155 2372 100/ 100
137 59034844  545.35023 [M+HCOO] LPC 20:3 CasHsNO;P 973.1 3.605 13 1191 2441 100/98.6
136 54635542 54534824 [M+H]',[M+Na]' LPC 20:3 CasHsNO,P 9774 0.018 0.1 1138 2337 100/ 100
121 588332890  589.34016 [M-HT LPC 20:4 CasHs0NO,P 9753 0.657 0.6 1187 2433 100/ 100

12 54433975 54333244 [M+H]',[M+Na] LPC 20:4 CasH;0NO,P 989.2 -0.034 04 1132 2325 100/ 100
103 54232424 54131696 [M+H]" LPC 20:5 CasHisNO;P 992.7 0.196 04 1114 2288 100/ 100
149 57237009  571.36281 IM+H]" LPC 22:4 C;0H;,NO,P 679.3 -1.946 03 1.165 239 100/98.6
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1.25 570.35514 569.34786 [M+H]" LPC 22:5 C;0Hs;NO7P 343.6 -0.402 0.7 1.151 236.1 100/ 100
1.15 568.33974 567.33246 [M+H]" LPC 22:6 C;0Hs0NO,P 987.4 -0.063 0.2 1.146 235.1 100/100
1.72 482.3604 481.35312 [M+H]" LPC O-16:0 C4Hs;NOGP 8272 -0.232 0.9 1.135 2339 100/100
1.64 480.34491 479.33764 [M+H]" LPC O-16:1 C4sHs0NOGP 226 0.108 0.7 1.11 228.6 100/ 100
1.81 508.37594 507.36866 [M+H]" LPC O-18:1 CasHssNOGP 472.9 -0.392 0.8 1.148 236.2 100 /100
1.55 452.27947 453.28674 [M-HJ LPE 16:0 C;HuNO,P 983.5 2.659 29 1.02 210.4 100/97.2
2.18 482.32409 481.31682 [M+H]" LPE 18:0 Cy3HysNO/P 968.8 -0.068 1.2 1.088 2242 100/99.3
1.63 478.29539 479.30267 [M-HJ LPE 18:1 Cp3Hy6NO,P 984.6 2.791 32 1.043 2149 100/97.2
13 478.29276 477.28549 [M+H]" LPE 18:2 Cy3HyuNOsP 963.6 -0.112 0.4 1.031 2125 100 /100
1.31 476.27961 477.28689 [M-HJ LPE 18:2 C3HyuNOsP 953.1 2.749 34 1.03 2122 100/97.9
1.26 500.27995 501.28722 [M-HJ LPE 20:4 C,sH4aNO,P 956.9 3.335 33 1.054 216.9 100/99.3
1.19 526.29279 525.28551 [M+H]* LPE 22:6 Cy7H4sNO/P 943.2 -0.048 0.2 1.069 219.7 100/100
1.19 524.28009 525.28736 [M-HJ LPE 22:6 Cy7H4NOSP 501.0 3.485 32 1.076 221.1 100/98.6
1.01 619.29136 620.29863 [M-HJ LP120:4 CyHy90 2P 743.8 4.056 29 1.171 239.8 100/93.1
7.36 750.5305 705.53229 [M+HCOO] PC 14:0_16:0 C33H76NOsP 802.8 1.943 1.1 1.386 282.7 100/95.2
7.33 706.53799 705.53128 [M+H]",[M+Na]* PC 30:0 C33H76NOsP 995.4 -0.181 1.3 1.381 281.9 100/ 100
6.24 774.53069 729.53249 [M+HCOOJ PC 14:0_18:2 C40H76NOgP 822.6 1.921 0.9 1.399 285.2 100/ 100
6.23 730.53825 729.53097 [M+H]* PC 14:0_18:2 C40H76NOgP 993.6 0.174 0.9 1.378 281.2 100/ 100
5.99 754.53807 753.5308 [M+H]* PC 14:0_20:4 C4H76NOsP 993.4 -0.051 1.7 1.392 283.9 100/97.9
6.00 798.53013 753.53193 [M+HCOO] PC 14:0_20:4 C4H76NOsP 809.2 1.297 1.1 1.415 288.3 100/99.3
5.81 804.55338 803.54611 [M+H]* PC 14:1_24:6 Cy46H7sNOgP 981.3 -0.442 0.8 1.424 290 100/98.6
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8.42 764.54666 719.54846 [M+HCOOJ PC 15:0_16:0 C3oH7sNOgP 830.1 2.463 0.8 1.4 285.4 100/ 100
8.68 790.5628 745.56459 [M+HCOOJ PC 15:0_18:1 C41HsONOgP 816.1 3.085 0.4 1.42 289.3 100/100
7.04 744.5543 743.54702 [M+H]" PC 15:0_18:2 C41H7sNOsP 993.9 0.839 0.5 1.39 283.4 100/100
9.61 734.57014 733.56286 [M+H]" PC 16:0_16:0 C40H30NOgP 997.1 0.969 1.8 1.413 288.3 100/ 100
7.64 732.55439 731.54712 [M+H]" PC 16:0_16:1 C40HsNOgP 993.3 0.864 1.0 1.395 284.6 100 /100
7.64 776.54619 731.54799 [M+HCOOJ PC 16:0_16:1 C40HsNOgP 815.4 1.971 0.9 1.408 286.9 100 /100
12.58 762.60047 761.59319 [M+H]" PC 16:0_18:0 C4HgaNOgP 994.0 -0.221 1.1 1.442 294.1 100/ 100
9.88 760.58634 759.57907 [M+H]" PC 16:0_18:1 C4Hg,NOsP 994.3 1.658 0.7 1.426 290.9 100/ 100
9.88 804.57834 759.58014 [M+HCOO] PC 16:0_18:1 C4,HgoNOgP 796.7 2915 0.6 1.44 2933 100 /100
8.05 802.56297 757.56477 [M+HCOOJ PC 16:0_18:2 C4HsONOgP 785.3 3.278 0.8 1.432 291.7 100 /100
8.05 758.57043 757.56315 [M+H]" PC 16:0_18:2 C4HgONOgP 994.6 1.361 0.8 1.41 287.6 100/75.2
6.77 800.54625 755.54805 [M+HCOO] PC 16:0_18:3 C4oH7sNOsP 867.6 1.944 0.8 1.421 289.5 100/100
11.34 774.60126 773.59399 [M+H]* PC 16:0_19:1 Cy43HgaNOgP 992.7 0.596 1.0 1.441 293.7 100/ 100
8.64 784.58611 783.57841 [M+H]",[M+H-H,0]",[M+K]* PC 16:0_20:3 C44HgoNOgP 992.9 1.229 1.0 1.433 292 100/ 100
7.75 782.57031 781.56304 [M+H]* PC 16:0_20:4 C44HsONOgP 994.2 1.128 0.7 1.424 290.3 100/100
7.75 826.56254 781.56434 [M+HCOO] PC 16:0_20:4 C44HsONOgP 754.5 2.674 0.9 1.446 294.5 100/ 100
6.54 780.5547 779.54713 [M+H]*,[M+Na]" PC 16:0_20:5 C44H7sNOgP 992.5 1.206 1.1 1.413 288 100/ 100
6.55 824.54598 779.54777 [M+HCOOJ PC 16:0_20:5 C44H7sNOgP 7243 1.59 1.2 1.438 292.9 100/ 100
9.41 810.60106 809.59157 [M+H]",[M+Na]* PC 16:0 _22:4 C46HgaNOgP 989.4 0.423 0.8 1.455 296.4 100 /100
9.41 854.59239 809.59419 [M+HCOO] PC 16:0 _22:4 C46HgaNOgP 737.1 1.073 0.7 1.471 299.4 100 /100
7.23 806.57093 805.56365 [M+H]* PC 16:0_22:6 C46HgONOgP 992.8 1.852 0.7 1.438 292.9 100/ 100
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7.25 850.56167 805.56347 [M+HCOOJ PC 16:0_22:6 C46HsONOgP 656.8 1.566 1.1 1.463 297.7 60/75.2
6.46 800.54611 755.5479 [M+HCOOJ PC 16:1_18:2 C42H7sNOgP 869.6 1.759 0.3 1.419 289 60/77.9
1.45 524.33472 523.32744 [M+H]" PC 17:0 C,sHs0NOgP 971.8 0.096 1.3 1.157 237.8 100/98.6
10.91 774.59975 773.59247 [M+H]" PC 17:0_18:1 C43HgaNOgP 991.1 -1.173 1.3 1.445 294.5 100/ 100
11.35 818.59344 773.59523 [M+HCOOJ PC 17:0_18:1 C43Hg4NOgP 736.4 2.207 0.7 1.45 295.4 100 /100
9.25 772.58559 771.57831 [M+H]" PC 17:0_18:2 C43HgoNOgP 989.9 0.568 0.7 1.425 290.5 100 /100
8.89 772.58508 771.5778 [M+H]" PC 17:0_18:2 C43Hg:NOgP 993.7 -0.101 0.8 1.426 290.7 100/ 100
8.87 796.58524 795.57796 [M+H]" PC 17:0_20:4 C4sHg:NOgP 994.1 0.210 1.2 1.445 2943 100/ 100
8.52 840.57776 795.57956 [M+HCOOJ PC 17:0_20:4 C4sHgNOgP 697.1 2.002 1.0 1.461 297.3 100 /100
8.88 840.57677 795.57857 [M+HCOOJ PC 17:0_20:4 C4sHgNOgP 690.8 0.866 0.9 1.46 297.2 100 /100
12.91 788.61762 787.61024 [M+H]",[M+K]",[M+Na]" PC 18:0_18:1 C44HgeNOgP 991.6 1.569 0.9 1.457 296.8 100/100
10.54 830.59336 785.59516 [M+HCOO] PC 18:0_18:2 C44HgaNOgP 775.4 2.067 0.9 1.458 296.9 100/100
10.54 786.60205 785.59431 [M+H]",[M+Na]",[M+K]" PC 18:0_18:2 C44HgyNOgP 993.0 1.680 0.9 1.441 293.6 100/ 100
11.35 812.61756 811.60984 [M+H]",[IM+H-H,0]",[M+Na]" PC 18:0_20:3 C46HgsNOgP 993.6 1.524 0.9 1.464 298.2 100/83.4
12.32 856.60898 811.61078 [M+HCOO] PC 18:0_20:3 C46HgeNOsP 849.3 1.399 0.8 1.479 301.1 100/100
10.12 810.60204 809.59477 [M+H]* PC 18:0_20:4 C46HgaNOgP 992.3 1.616 1.1 1.458 297 100/ 100
10.13 854.59286 809.59466 [M+HCOOJ PC 18:0_20:4 C46HgaNOgP 732.2 1.458 1.0 1.474 300 100/ 100
8.57 852.57706 807.57886 [M+HCOOJ PC 18:0_20:5 C46Hg:NOgP 683.6 1.169 1.2 1.469 299 100/ 100
12.29 838.63246 837.62518 [M+H]* PC 18:0 _22:4 CasHgsNOgP 989.9 0.483 1.0 1.486 302.5 100 /100
12.31 882.62262 837.62442 [M+HCOO] PC 18:0 _22:4 CasHgsNOgP 648.9 -0.413 0.9 1.499 305 100 /100
10.24 836.61665 835.60893 [M+H]*,[M+Na]* PC 18:0_22:5 CysHgsNOgP 989.9 0.304 0.8 1.476 300.5 100/ 100
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11.31 880.608 835.6098 [M+HCOOJ PC 18:0_22:5 C4gHgsNOsP 772.4 0.796 1.1 1.496 304.4 100/ 100
9.46 878.59257 833.59437 [M+HCOOJ PC 18:0_22:6 C4gHg4sNOgP 594.8 1.078 1.2 1.49 303.1 100/100
10.17 786.60125 785.59398 [M+H]" PC 18:1_18:1 C44HgaNOgP 995.7 0.766 0.8 1.44 293.5 100/100
10.19 830.59275 785.59455 [M+HCOO] PC 18:1_18:1 C44HgaNOgP 839.0 1.322 0.7 1.455 296.3 100/ 100
8.28 784.58606 783.57878 [M+H]" PC 18:1_18:2 C44HgoNOgP 994.2 1.252 0.9 1.431 291.6 100 /100
7.93 852.57697 807.57877 [M+HCOOJ PC 18:1_20:4 C4sHsoNOgP 676.6 1.225 1.1 1.466 298.4 100 /100
7.45 876.57584 831.57764 [M+HCOO] PC 18:1_22:6 Ca4sHg:NOgP 627.6 -0.183 1.3 1.48 301.1 100/ 100
9.45 834.60188 833.59205 [M+H]",[M+Na]",[M+K]" PC 20:1_20:5 CaysHgaNOgP 991.6 1.389 1.5 1.471 299.6 100/99.3
9.55 860.61459 859.60732 [M+H]" PC 20:2_22:5 Cs0HgsNOgP 973.1 -1.957 1.4 1.489 303 100 /100
59 704.52193 703.51466 [M+H]" PC 30:1 C33H7NOgP 958.2 -0.647 0.8 1.364 278.5 100/99.3
8.39 720.5544 719.54713 [M+H]" PC 31:0 C39H7sNOgP 1000 0.695 0.9 1.394 284.5 100/100
6.71 718.5348 717.52753 [M+H]* PC31:1 C39H76NOsP 966.7 -3.721 0.6 1.379 281.4 100/99.3
10.49 748.58506 747.57778 [M+H]* PC 33:0 C41Hg;NOgP 1000 -0.032 0.4 1.42 289.7 100/ 100
8.65 746.56964 745.56236 [M+H]* PC 33:1 C41HgONOgP 963.0 0.264 0.3 1.407 286.9 100/ 100
6.76 756.5539 755.54662 [M+H]* PC 34:3 C4oH7sNOsP 951.9 0.217 0.5 1.395 284.4 100/75.2
7.27 770.56904 769.56176 [M+H]* PC 35:3 C43HsONOgP 927.1 -0.612 0.3 1.412 287.8 100/96.5
6.81 768.55404 767.54677 [M+H]* PC 35:4 Cy43H7sNOgP 893.2 0.344 0.7 1.408 287 100/ 100
14.14 790.63206 789.62478 [M+H]* PC 36:0 C44HgsNOgP 623.3 0.170 1.1 1.468 299.1 80/96.5
7.23 782.56926 781.56198 [M+H]* PC 36:4 C44HsONOgP 971.1 -0.175 0.1 1.418 289 100/93.1
6.19 780.55374 779.54646 [M+H]* PC 36:5 C44H7sNOsP 975.8 -0.059 0.1 1.41 287.4 100 /100
5.62 778.53866 777.53138 [M+H]* PC 36:6 C44H76NOsP 1000 0.658 0.6 1.404 286.1 100/ 100
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13.88 802.63125 801.62397 [M+H]" PC37:1 C4sHgsNOgP 1000 -0.896 0.5 1.469 299.2 100/99.3
12.11 800.61762 799.61035 [M+H]" PC 37:2 C4sHgsNOgP 919.7 1.399 0.4 1.455 296.5 100/100
9.52 798.60225 797.59498 [M+H]" PC 37:3 C4sHgaNOgP 947.0 1.898 0.6 1.448 294.9 100/100
8.53 796.58432 795.57705 [M+H]" PC37:4 C4sHg:NOgP 923.0 -0.972 1.2 1.445 294.5 100/ 100
7.00 794.57007 793.56279 [M+H]" PC 37:5 C4sHsONOgP 1000 0.864 0.7 1.433 291.9 100/90.3
6.38 792.55476 791.54748 [M+H]" PC 37:6 C4sH7sNOgP 761.4 1.157 1.4 1.422 289.7 100 /100
7.93 808.58567 807.57839 [M+H]" PC 38:5 C46Hg:NOgP 949.9 0.807 0.7 1.447 294.6 100/ 100
6.25 804.55416 803.54688 [M+H]" PC 38:7 C46H7sNOsP 783.5 0.750 0.9 1.428 290.9 100/ 100
8.26 820.58516 819.57788 [M+H]" PC 39:6 C47HgoNOgP 230.6 0.338 0.9 1.456 296.5 100 /100
7.69 832.58454 831.57726 [M+H]" PC 40:7 C4sHgoNOgP 754.2 -0.639 0.9 1.461 297.4 100/75.9
7.44 832.58513 831.57785 [M+H]" PC 40:7 Ca4sHg:NOgP 828.7 0.056 0.9 1.46 297.2 100/100
6.18 830.56751 829.56024 [M+H]* PC 40:8 C4sHsONOgP 586.9 -2.399 0.8 1.443 293.9 100/100
7.48 858.59587 857.58859 [M+H]* PC 42:8 Cs0HgyNOgP 2154 -4.990 0.4 1.476 3004 100/98.6
11.38 764.5826 719.58439 [M+HCOOJ PC O-16:0_16:0 C40Hg,NO,P 767.5 1.966 1.2 1.412 288 100/ 100
9.51 788.58258 743.58438 [M+HCOO] PC O-16:0_18:2 C4Hg:NO/P 813.2 1.961 0.6 1.423 289.9 100/99.3
9.12 812.5822 767.58399 [M+HCOO] PC O-16:0_20:4 C44Hg:NO/P 704.0 1.364 1.0 1.441 293.4 100/ 100
8.46 836.58218 791.58397 [M+HCOOJ PC O-16:0_22:6 Cy46Hg:NO5P 688.9 1.397 1.1 1.458 296.8 100/99.3
10.91 762.56706 717.56886 [M+HCOOJ PC O-16:1_16:0 C40H30NO,P 837.6 2.113 2.1 1.414 288.3 100/ 100
11.22 788.58246 743.58426 [M+HCOO] PC O-16:1_18:1 C4Hg:NO/P 646.6 1.800 1.2 1.433 291.9 100/99.3
9.11 786.56691 741.56871 [M+HCOO] PC O-16:1_18:2 C4HsONO,P 789.6 1.657 1.2 1.424 290.2 100/99.3
12.00 840.6134 795.6152 [M+HCOO] PC O-18:0_20:4 C46HgsNO/P 698.3 1.202 1.3 1.468 298.9 100/ 100
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11.68 790.59805 745.59985 [M+HCOOJ PC O-18:1_16:0 C4,HgsNOsP 678.0 1.755 0.9 1.432 291.8 100/99.3
9.29 838.59765 793.59945 [M+HCOOJ PC O-18:1_20:4 C4HgsNO7P 684.7 1.006 1.0 1.46 297.2 100/100
8.60 862.59725 817.59905 [M+HCOO] PC O-18:1_22:6 CysHgaNO,P 533.1 0.623 1.4 1.478 300.7 100/99.3
14.04 868.64442 823.64622 [M+HCOO] PC 0-20:0_20:4 C4sHsONO,P 459.5 0.765 1.4 1.495 304.2 100/ 100
14.02 894.65891 849.6607 [M+HCOOJ PC 0-22:1_20:4 Cs0Hp,NO7P 449.1 -0.481 0.7 1.515 308.2 100 /100
14.59 922.69079 877.69259 [M+HCOOJ PC 0-24:1_20:4 Cs;HosNO7P 622.7 0.144 1.0 1.543 313.6 100 /100
10.88 718.57393 717.56665 [M+H]" PC 0-32:1 C40Hs0NO,P 994.6 -0.804 1.8 1.407 287.2 100/ 100
8.59 716.55803 715.55075 [M+H]" PC 0-32:2 C40H7sNO,P 9133 -0.935 1.3 1.386 282.8 100/ 98.6
13.92 748.62222 747.61495 [M+H]" PC 0-34:0 C4,HgsNO7P 947.2 0.989 1.9 1.448 295.4 100 /100
11.63 746.60576 745.59848 [M+H]" PC 0-34:1 C4,HgNO,P 993.8 -0.076 1.6 1.434 292.5 100 /100
11.2 744.59017 743.5829 [M+H]" PC 0-34:2 C4Hg,NO/P 993.2 -0.034 1.3 1.422 290 100/100
9.09 742.57483 741.56755 [M+H]* PC O-34:3 C4HsONO,P 996.4 0.390 0.6 1.403 286.2 100/100
13.85 772.62094 771.61367 [M+H]* PC 0-36:2 C44HgsNO,P 999.5 -0.495 1.6 1.453 296.3 100/99.3
10.15 770.60545 769.59818 [M+H]* PC 0-36:3 C44HgaNO,P 999.8 -0.562 0.9 1.433 292.2 100/ 100
9.69 770.60415 769.59688 [M+H]* PC 0-36:3 C44HgaNO/P 995.3 -2.144 1.5 1.442 293.9 100/100
9.10 768.59072 767.58318 [M+H]",[M+Na]* PC 0-36:4 C44Hg:NO/P 995.4 0.720 1.6 1.434 2923 100/ 100
7.65 766.57436 765.56709 [M+H]* PC 0-36:5 C44HgONO,P 991.5 -0.048 1.4 1.422 289.9 100/98.6
7.24 764.55933 763.55206 [M+H]* PC 0-36:6 C44H7sNO,P 998.2 0.452 0.5 1.406 286.6 100/95.2
9.88 780.59213 779.58485 [M+H]* PC O-37:5 C4sHg:NO/P 366.8 2.681 1.7 1.444 294.4 100 /100
9.49 780.58942 779.58214 [M+H]* PC O-37:5 C4sHg,NO/P 995.7 -0.962 0.9 1.433 292 100 /100
11.07 796.62038 795.61311 [M+H]* PC 0-38:4 C46HgsNO/P 994.5 -1.408 1.7 1.462 297.8 100/ 100
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10.43 796.62012 795.61284 [M+H]" PC O-38:4 C4HgsNO7P 997.8 -1.581 1.6 1.46 297.5 100/ 100
10.51 794.60605 793.59877 [M+H]" PC O-38:5 C4HgsNO7P 997.2 0.381 1.6 1.455 296.5 100/100
7.74 792.58938 791.58211 [M+H]" PC 0-38:6 Cy46Hg:NO/P 999.8 -0.983 1.1 1.445 294.4 100/99.3
8.02 790.5746 789.56733 [M+H]" PC 0-38:7 C46HsONO,P 962.0 0.100 1.3 1.438 293.1 100/ 100
14.05 824.65311 823.64595 [M+H]",[M+Na]* PC 0-40:4 C4sHoONO,P 998.6 0.390 1.9 1.489 303.3 100 /100
13.81 824.65188 823.6446 [M+H]" PC 0-40:4 C4sHoONO,P 995.4 -1.093 1.9 1.49 3034 100 /100
12.02 822.63701 821.62973 [M+H]" PC 0-40:5 CaysHgsNO5P 996.8 -0.026 1.5 1.48 301.3 100/ 100
11.27 822.63518 821.62791 [M+H]" PC 0-40:5 CaysHgsNO5P 999.8 -2.344 1.8 1.483 302 100/ 100
11.10 820.62123 819.61395 [M+H]" PC 0-40:6 C4gHgsNO7P 995.7 -0.294 1.7 1.478 300.9 100/98.6
8.60 818.60589 817.59781 [M+H]",[M+Na]” PC 0-40:7 C4sHgsNO7P 976.6 0.042 1.7 1.464 298.1 100 /100
14.66 854.69864 853.69137 [M+H]" PC 0-42:3 Cs0HysNO,P 999.8 -1.039 1.3 1.523 310 100/100
14.61 852.68591 851.67864 [M+H]* PC 0-42:4 Cs0HqsNO,P 974.1 1.866 1.4 1.521 309.5 80/100
14.01 850.66899 849.66171 [M+H]* PC O-42:5 Cs0Hy,NO,P 991.0 0.771 0.7 1.506 306.5 100/ 100
13.88 848.65411 847.64683 [M+H]* PC 0-42:6 Cs0H,0NO-P 965.6 1.339 1.0 1.502 305.6 100/ 100
14.58 878.70047 877.69287 [M+H]",[M+Na]* PC O-44:5 Cs;HoNO,P 999.5 0.639 0.8 1.536 3125 100/100
14.1 876.68442 875.67715 [M+H]* PC 0-44:6 Cs;HosNO/P 992.6 0.279 0.9 1.528 310.8 100/ 100
14.48 876.68203 875.67475 [M+H]* PC 0-44:6 Cs;Ho4NO-P 999.8 -2.004 1.0 1.53 311.3 100/ 100
13.79 874.67231 873.66503 [M+H]* PC 0-44:7 Cs;Ho,NO,P 984.4 4.123 1.5 1.522 309.6 100/98.6
14.42 902.7019 901.69462 [M+H]* PC 0-46:7 Cs4HoNO/P 984.9 2353 1.2 1.55 315.1 100 /100
10.61 716.52558 717.53286 [M-H] PE 16:0_18:1 C39H76NOsP 872.1 2.744 2.7 1315 268.4 100 /100
8.28 738.50966 739.51694 [M-HJ PE 16:0_20:4 C41H74NOgP 786.3 2.364 n.r 1.327 270.8 100/ 100
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7.72 762.50961 763.51689 [M-HJ PE 16:0_22:6 C43H7NOgP 669.8 2.309 n.r. 1.348 2749 100/ 100
7.72 764.52289 763.51563 [M+H]",[M+Na]" PE 16:1_22:5 C43H7NOgP 816.0 0.466 1.3 1.377 280.8 100/100
13.63 744.55711 745.56439 [M-HJ PE 18:0_18:1 C41HsONOgP 237.9 2.827 2.0 1.349 275.1 100/100
11.29 744.55507 743.54779 [M+H]" PE 18:0_18:2 C41H7sNOgP 902.4 1.515 1.9 1.382 281.9 100/ 100
11.29 742.541 743.54828 [M-HJ PE 18:0_18:2 C4H7sNOgP 906.4 2.388 29 1.34 273.4 100 /100
10.83 768.55344 767.54673 [M+H]",[M+Na]* PE 18:0_20:4 C43H7sNOgP 794.4 -0.343 1.7 1.401 285.7 100 /100
10.84 766.54091 767.54818 [M-HJ PE 18:0_20:4 C43H7sNOgP 735.4 2233 1.1 1.36 2772 100/ 100
10.1 790.54066 791.54794 [M-HJ PE 18:0_22:6 C4sH7sNOgP 931.8 1.849 2.7 1.38 281.3 100/ 100
13.62 746.56877 745.5615 [M+H]" PE 18:1_18:0 C4HsONOgP 919.6 -0.932 1.1 1.397 285 100/99.3
10.91 742.54123 743.5485 [M-HJ PE 18:1_18:1 C4H7sNOgP 978.9 2.720 3.0 1.339 273.1 100/99.3
8.87 740.52543 741.5327 [M-HJ PE 18:1_18:2 C41H76NOgP 866.3 2.737 1.7 1.33 2713 100/ 98.6
8.5 764.52529 765.53257 [M-H] PE 18:1_20:4 C43H76NOsP 949.7 2.406 24 1.348 274.9 100/99.3
8.63 714.50986 715.51714 [M-HJ PE 18:2_16:0 C39H74NOgP 844.7 2.782 0.8 1.307 266.8 100/ 100
10.59 718.53897 717.53199 [M+H]*,[M+Na]" PE 34:1 C39H76NOsP 972.7 0.871 1.2 1.36 277.6 100/ 100
8.62 716.52246 715.51655 [M+H]",[M+Na]* PE 34:2 C39H74NOgP 988.1 -0.039 1.8 1.347 274.9 100/100
8.27 740.52263 739.51543 [M+H]",[M+Na]* PE 36:4 C41H74NOgP 856.7 0.176 2.0 1.366 278.7 100/ 100
6.96 738.50702 737.49974 [M+H]* PE 36:5 C41H7,NOgP 8443 0.275 1.8 1.352 275.9 100/ 100
10.09 792.55472 791.5474 [M+H]*,[M+Na]"* PE 40:6 Cy4sH7sNOgP 937.1 1.174 0.9 1.409 287 100/ 100
7.96 790.54021 789.53293 [M+H]* PE 40:7 C4sH76NOgP 932.7 2.127 0.0 1.39 283.2 100/93.1
9.82 700.53217 699.52489 [M+H]* PE O-16:1_18:2 C30H74NO/P 939.3 4.790 1.7 1.334 272.4 80/92.4
9.8 698.51478 699.52206 [M-HJ PE O-16:1_18:2 C39H74NO,P 983.8 2.617 2.8 1.304 266.3 100/96.6
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9.35 724.5276 723.52032 [M+H]" PE O-16:1_20:4 C4H7NO,P 929.7 0.037 2.6 1.354 276.4 100/ 100
9.35 722.51491 723.52218 [M-HJ PE O-16:1_20:4 C4H7NO7P 955.8 2.634 3.4 1.326 270.6 100/100
8.66 748.52778 747.52051 [M+H]" PE O-16:1_22:6 C43H74NO5P 896.1 0.306 23 1.367 278.9 100/100
8.69 746.51474 747.52201 [M-HJ PE O-16:1_22:6 C43H74NO,P 990.8 2517 3.5 1.345 2743 100/ 100
14.05 730.57228 729.56501 [M+H]" PE O-18:1_18:1 C4HsONO,P 946.5 -3.097 23 1.389 283.4 100/95.9
14.06 728.56116 729.56844 [M-HJ PE O-18:1_18:1 C4HsONO,P 990.8 1.643 3.1 1.344 2743 100/98.6
12.82 728.55824 727.55096 [M+H]" PE O-18:1_18:2 C41H7sNO/P 943.2 -0.798 2.0 1.37 279.6 100/ 98.6
12.24 752.55966 751.55238 [M+H]" PE O-18:1_20:4 C43H7sNO,P 933.2 1.046 1.9 1.389 283.4 100/ 100
12.25 750.54607 751.55334 [M-HJ PE O-18:1_20:4 C43H7sNOsP 948.2 2.339 3.1 1.356 276.6 100 /100
10.25 750.54386 749.53658 [M+H]" PE O-18:1_20:5 C43H76NO7P 909.8 0.741 1.5 1.379 281.2 60/75.2
13.88 780.58812 779.58084 [M+H]" PE O-18:1_22:4 C4sHg,NO5P 928.7 -3.111 1.3 1.423 290 100/ 87.6
13.88 778.57618 779.58346 [M-H] PE O-18:1_22:4 C4sHg,NO/P 931.0 1.075 2.7 1.384 282.2 100/ 98.6
11.37 774.54567 775.55295 [M-HJ PE O-18:1_22:6 C4sH7sNO,P 912.9 1.793 3.0 1.375 280.3 100/ 100
9.59 748.53049 749.53777 [M-HJ PE O-18:2_20:4 Cy43H76NO,P 870.7 2.485 29 1.348 274.9 100/ 100
8.91 774.54335 773.53608 [M+H]* PE O-18:2_22:6 C4sH76NO/P 862.7 0.175 0.9 1.386 282.5 100/99.3
8.93 772.5305 773.53778 [M-H] PE O-18:2_22:6 C4sH76NO/P 932.7 2.343 2.8 1.367 278.6 100/ 98.6
14.09 778.57658 779.58386 [M-HJ PE 0-20:1_20:4 C45Hg;NO,P 902.4 1.448 2.1 1.386 282.5 100/97.9
5.87 807.50424 808.51152 [M-HJ PI16:0_16:1 C41H770,3P 735.5 2.040 29 1.395 284.1 100/95.2
6.2 833.5196 834.52688 [M-H] PI16:0_18:2 Cy3H7903P 299.0 1.255 2.6 1.416 288.4 100 /100
6 857.51949 858.52677 [M-H] P116:0_20:4 Cy4sH79043P 645.6 1.098 29 1.435 292.1 100 /100
7.53 835.53538 836.54266 [M-HJ PI'18:0_16:1 Cy3Hg 03P 5234 1.398 2.7 1.424 289.8 100/ 100
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8 861.55086 862.55814 [M-HJ PI18:0_18:2 C4sHg3O013P 683.8 1.217 3.8 1.456 296.3 100/ 100
7.74 885.5506 886.55788 [M-HJ PI18:0_20:4 C47Hg3013P 680.9 0.887 3.6 1.471 299.3 100/100
7.5 854.57164 836.53782 [M+NH,]" PI34:1 Cy3Hg 03P 8329 -4.266 3.4 1.475 300.1 100/100
6.2 852.55963 834.5258 [M+NH,]" PI134:2 Cy3H79013P 750.2 -0.106 2.7 1.457 296.6 100/ 100
9.76 882.60453 864.57071 [M+NH,]" PI36:1 C4sHgsO3P 933.7 -2.31 1.1. 1.502 305.5 100/96.6
8.01 880.59125 862.55727 [M+NH,4]",[M+H]" PI36:2 C4sHg3013P 794.3 0.304 3.0 1.486 302.2 100 /100
7.73 880.58707 862.55325 [M+NH,]" PI136:2 CysHg3043P 724.6 -2.024 3.1 1.488 302.6 100/90
6.64 859.53376 860.54103 [M-HJ P136:3 CysHg 043P 222.9 -0.681 0.6 1.439 292.7 100/ 98.6

6 876.56329 858.52947 [M+NH,]" PI36:4 Cy4sH79013P 850.1 3.571 32 1.476 300.3 100/97.9
8.59 906.60844 888.57262 [M+NH,4]",[M+H]" PI38:3 C47HssO13P 892.2 2.063 1.5 1.509 306.8 100/91.7
7.74 904.59174 886.55774 [M+NH,]",[M+H]",[M+Na]* PI138:4 C47Hg3043P 717.5 0.906 3.5 1.503 305.7 100/100
7.25 928.58829 910.55447 [M+NH,]* P140:6 CaoHg3043P 736.1 -2.915 32 1.518 308.6 100/95.2
6.96 703.57469 702.56741 [M+H]* SM 18:1;02/16:0 C39H79N,O6P 997.8 -0.207 0.8 1.408 287.5 100/ 100
7.18 703.57585 702.56858 [M+H]* SM 18:1;02/16:0 C39H79N,O6P 998.5 1.433 0.7 1.407 287.2 100/ 100

12.44 759.63776 758.63049 [M+H]* SM 18:1;02/20:0 Cy3Hg7N,O6P 994.4 0.407 1.1 1.464 298.5 100/100
7.07 805.62055 804.61328 [M+H]* SM 20:2;02/22:4 C47HgsN,O6P 981.5 -1.053 0.4 1.461 297.5 100/95.9
4.29 647.51184 646.50456 [M+H]* SM 30:1;02 C35H71N,O6P 1000 -0.600 2.8 1.348 275.6 80/100
5.53 675.54374 674.53646 [M+H]* SM 32:1;02 C37H75N,06P 950.3 0.269 1.7 1.38 282 100/ 100
4.47 673.52797 672.5207 [M+H]* SM 32:2;02 C37H73N,06P 982.0 0.086 1.1 1.359 277.8 100 /100
6.30 689.55922 688.55195 [M+H]* SM 33:1;02 CssH77N,O6P 959.8 0.031 1.2 1.394 284.7 100 /100
7.97 705.58994 704.58286 [M+H]" [M+Na] SM 34:0;02 C39HgiN,OP 993.0 -0.803 1.7 1.429 291.8 100/ 100
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6.62 719.56909 718.56181 [M+H]" SM 34:1;30 C3oH79N,O7P 928.1 -0.858 33 1.442 294.3 100/ 100
5.75 701.5599 700.55187 [M+H] [M+Na]" SM 34:2;02 C30H77N,06P 965.9 1.005 0.8 1.392 284.3 100/100
8.21 717.59047 716.58319 [M+H]" SM 35:1;02 C40HzN,OP 1000 -0.029 0.7 1.426 291.1 100/100
10.47 733.62102 732.61509 [M+H] [M+Na]* SM 36:0;02 Ca41HgsN,OP 952.0 -0.94 1.7 1.456 297.1 100/ 100
9.45 731.60667 730.59974 [M+H] [M+Na]* SM 36:1;02 C41HgzsN,O6P 960.2 0.763 0.6 1.435 292.8 100 /100
7.50 729.59087 728.5836 [M+H]" SM 36:2;02 C41HgN,O6P 952.8 0.620 0.1 1.419 289.5 100 /100
7.17 725.55693 724.54965 [M+H]" SM 36:4;02 C41H77N,O6P 920.4 -3.097 2.0 1.416 289 100/ 100
8.6 743.60527 742.59799 [M+H]" SM 37:2;02 CHgsN,OP 297.1 -1.22 0.9 1.438 2933 60/98.6
13.6 761.65013 760.64285 [M+H]" SM 38:0;02 C43HgoN,O6P 901.1 -4.139 0.6 1.476 301 100 /100
9.85 757.62158 756.6143 [M+H]" SM 38:2;02 C43HgsN,O6P 496.0 -0.299 0.7 1.454 296.4 100 /100
7.49 751.57219 750.56492 [M+H]" SM 38:5;02 Cy3H79N,O6P 756.7 -3.593 2.8 1.416 288.9 100/ 98.6
13.77 773.65306 772.64515 [M+H]",[M+Na]* SM 39:1;02 CasHgoN,O6P 944.5 -0.113 0.2 1.478 301.2 100/ 100
11.34 771.63738 770.6301 [M+H]* SM 39:2;02 Ca4Hg7N,OP 608.8 -0.496 0.0 1.465 298.7 100/ 100
14.38 789.68198 788.67471 [M+H]* SM 40:0;02 CasHosN,OP 917.0 -3.014 0.8 1.5 305.6 100/99.3
14.13 787.66937 786.6621 [M+H]* SM 40:1;02 CasHoiN,O6P 948.9 0.784 0.0 1.487 303.1 100/100
12.91 785.65329 784.64587 [M+H]",[M+Na]* SM 40:2;02 CasHgoN,O6P 852.1 0.241 0.2 1.48 301.6 100/ 100
12.39 785.65344 784.64617 [M+H]* SM 40:2;02 CasHgoN,OP 939.4 0.493 0.2 1.479 301.5 100/ 100
7.98 781.62137 780.61409 [M+H]* SM 40:4;02 CysHgsN,OP 163.5 -0.427 0.7 1.452 295.9 100/91
9.85 779.60271 778.59543 [M+H]* SM 40:5;02 C4sHgsN,OgP 184.6 -4.439 0.7 1.452 296 100/97.9
14.46 801.68485 800.67797 [M+H]",[M+K]",[M+Na]" SM 41:1;02 Ca6HosN,O6P 914.6 0.52 0.6 1.504 306.3 100 /100
13.73 799.66899 798.66188 [M+H]*,[M+Na]* SM 41:2;02 Ca6Ho1N,OP 952.0 0.404 0.6 1.493 304.1 100/99.3

251



Chapter VII: Supporting information.

1391 799.6691  798.66192 [M+H]',[M+K]",[M+Na]" SM 41:2,02 CacHoiN;OgP 9475 0.551 0.4 149 3035 100/ 100
1472 81570051  814.69377 [M+H]",[M+Na]',[M+K]" SM 42:1,02 CrHosN;OgP 939.5 059 0.6 1518 309.1 100/ 100
1424 813.68491  812.67712 [M+H]",[M+Na]’ SM 42:2,02 CarHosN,06P 929.6 0.720 0.8 1505 3065  100/89.7
1411 813.68556  812.67786 [M+H]",[M+Na]',[M+K]" SM 42:2,02 CarHosN,06P 949.0 1.445 0.8 1506 306.7 100/ 100
1283 811.66973  810.66245 [M+H]" SM 42:3,02 CarHoN;OP 947.7 1261 1.00 1495 3046 100/ 100
1027 809.65237  808.6451 [M+H]" SM 42:4,02 CarHzoN,O6P 4377 -0.841 03 1482 3019  100/99.3
555 801.59732  800.59004 [M+H]" SM 42:8,02 CarHyN,OP 2012 4.989 0.0 1431 2915 60/97.2
1493 82971567  828.70839 [M+H]" SM 43:1;02 CasHoN,O6P 1000 0.138 0.9 153 3115 100/ 100
1433 827.69971  826.69329 [M+H]",[M+Na]" SM 43:2;02 CasHosN,OP 942.1 0416 03 1518 300 100/ 100
1385  825.68408  824.6768 [M+H]" SM 43:3,02 CasHosN;OgP 349.1 -0.330 02 1506 3067  100/97.9
1469 84171612 840.70885 [M+H]" SM 44:2,02 CasHoN,O6P 5853 0577 0.8 1533 3121 100/ 100
1529  710.63017  692.59828 [M+NH]",[M+K]",[M+Na]" TG 10:0_12:0_18:1 CHs004 9173 1172 19 1.401 286 80/91

1625 82073988  802.70598 [M+NH,]",[M+Na]’ TG 12:0_18:1_18:1 Cs1HoiOg 8482 1.36 27 1523 3102 100/ 100
1601 818.72406  800.68978 [M+NH,],[M+Na]',[M+K]" TG 12:0_18:1_18:2 Cs1HoOs 835.3 1.000 2.9 1512 308 100/ 100
1579 816.70765  798.67382 [M+NH,]" TG 12:0_18:2_18:2 Cs51Hy004 785.6 0.438 3.0 1502 3059  100/97.9
1603 84473946 826.70553 [M+NH,]",[M+K]",[M+Na]" TG 14:0_182_18:2 Cs3HotOp 8259 0.951 2.6 153 3115 100/ 100
1660 83677105  818.73792 [M+NH,]",[M+K]" TG 15:0_16:0_18:1 Cs2HosOs 816.6 1.051 2.6 1552 3159 100/ 100
16.61  862.78696 84475313 [M+NH,]" TG 15:0_18:1_18:1 Cs5:H,000, 770.0 1357 24 1569 3193 100/ 100
16.17  858.75594  840.72313 [M+NH,]",[M+K]",[M+Na]" TG 15:0_18:2_18:2 CssHocOp 816.1 1458 25 1546 3146 100/ 100
1673 850.78705  832.75323 [M+NH, ] TG 16:0_16:0_18:1 Cs5:H,0005 867.9 1454 2.0 1564 3183 100/ 100
1649 84877178  830.73753 [M+NH,]",[M+K]" TG 16:0_16:1_18:1 CsHosOs 8273 1913 23 1554 3162 100/ 100
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16.83 864.80237 846.76855 [M+NH,]" TG 16:0_17:0_18:1 Cs4H,0,04 853.6 0.985 22 1.582 321.9 100/ 100
16.95 878.81863 860.7848 [M+NH,]" TG 16:0_18:0_18:1 CssH10404 840.3 1.718 22 1.595 3245 100/100
16.73 876.80328 858.76946 [M+NH,]" TG 16:0_18:1_18:1 CssH,0,0¢ 865.2 2.07 2.8 1.586 322.6 100/100
16.53 874.78788 856.7535 [M+NH,]",[M+Na]* TG 16:0_18:1_18:2 CssH,000¢ 785.4 2.358 2.6 1.574 320.2 100/ 100
16.43 924.80278 906.76882 [M+NH,4]",[M+Na]" TG 16:0_18:1_22:5 CsoH,0,04 667.7 1.398 2.6 1.615 3283 100 /100
16.33 922.78709 904.75302 [M+NH,4]",[M+Na]" TG 16:0_18:1_22:6 CsoH,000¢ 648.8 1.375 29 1.612 327.6 100/99.3
16.22 896.77173 878.7379 [M+NH,]" TG 16:0_18:2 20:4 Cs7HosOs 640.0 1.785 2.6 1.582 321.7 80/98.6
16.22 922.78699 904.7528 [M+NH,]",[M+Na]* TG 16:0_18:2 22:5 CsoH,000¢ 614.2 1.310 25 1.603 325.9 100/ 98.6
15.72 866.72322 848.68918 [M+NH,]",[M+Na]",[M+K]" TG 16:0_18:3_18:4 CssHoOg 638.1 -0.56 1.9 1.531 311.6 100/97.9
16.02 944.7718 926.7368 [M+NH,]",[M+K]",[M+Na]" TG 16:0_20:4_22:6 Ce1HosOs 580.2 1.909 29 1.616 3283 60/93.1
16.09 870.75426 852.72043 [M+NH,]" TG 16:1_18:2 18:2 CssHocOs 749.1 -0.145 2.8 1.555 3163 100/97.9
16.83 890.81839 872.78437 [M+NH,]",[M+K]",[M+Na]* TG 17:0_18:1_18:1 Cs6H1040¢ 852.1 1.380 2.1 1.603 326 80/100
16.62 888.80255 870.76872 [M+NH,]" TG 17:0_18:1_18:2 Cs6H,0,0¢ 740.3 1.292 2.7 1.588 3229 100/ 100
16.41 886.78689 868.75307 [M+NH,]",[M+K]",[M+Na]* TG 17:1_18:1_18:2 Cs6H,000¢ 777.8 1.224 2.7 1.576 320.6 100/ 100
16.22 934.7907 916.75688 [M+NH,]" TG 17:1_18:1_22:6 Cs0H,000¢ 5783 4.995 3.0 1.619 329.1 80/95.2
16.67 926.81857 908.78326 [M+NH4]",[M+Na]" TG 18:0_18:1_20:4 CsoH,040¢ 569.9 1.619 29 1.621 329.5 100/ 100
16.66 900.80199 882.76816 [M+NH,]" TG 18:0_18:2 18:2 Cs7H,0,0¢ 889.6 0.871 33 1.601 325.6 80/89.6
15.86 894.75388 876.72005 [M+NH,]* TG 18:0_18:2 18:5 Cs7Ho6Os 404.6 -1.378 1.9 1.562 317.6 100/79.3
17.15 906.84946 888.81513 [M+NH,]",[M+K]",[M+Na]* TG 18:0_20:1_16:0 Cs7H,050¢ 705.1 1.127 2.8 1.628 331 100 /100
16.5 822.75551 804.72158 [M+NH4]",[M+Na]* TG 18:1_16:0_14:0 Cs1HosOs 899.0 1.205 1.6 1.536 312.8 100/ 100
16.73 902.81869 884.78487 [M+NH,]* TG 18:1_18:1_18:1 Cs7H,040¢ 808.6 1.746 2.7 1.607 326.8 100/ 100
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16.95 904.83445 886.80062 [M+NH,]" TG 18:1_18:1_18:0 Cs7H10605 676.9 1.863 29 1.617 328.8 100/ 100
16.52 900.8026 882.76878 [M+NH,]" TG 18:1_18:1_18:2 Cs7H,0,04 845.2 1.262 3.0 1.596 3245 100/100
16.94 930.84942 912.81559 [M+NH,]" TG 18:1_18:1_20:1 CsoH,050¢ 818.3 1.300 3.0 1.636 3325 100/100
16.63 952.83442 934.8006 [M+NH,]" TG 18:1_18:1_22:4 C61Hi0606 744.7 1.858 32 1.643 333.8 100/ 100
16.33 948.80333 930.76951 [M+NH,]" TG 18:1_18:1_22:6 Ce1H,0,04 576.2 1.961 33 1.63 3313 100/99.3
16.31 898.78681 880.75282 [M+NH,4]",[M+Na]" TG 18:1_18:2_18:2 Cs7H,000¢ 812.8 1.109 24 1.584 322.1 100 /100
17.05 944.86537 926.83154 [M+NH,]" TG 18:1_18:2 21:0 C60H;,00¢ 654.5 1.281 42 1.664 338.1 100/92.4
17.14 958.88106 940.84691 [M+NH,]",[M+Na]* TG 18:1_18:2 22:0 Ce1Hi1206 691.5 0.960 29 1.662 337.6 100/ 100
16.12 946.78741 928.75318 [M+NH,4]",[M+Na]" TG 18:1_18:2_22:6 C61H,000¢ 625.9 1.581 3.0 1.619 329.1 100 /100
17.34 986.91181 968.87799 [M+NH,]" TG 18:1_18:2_24:0 Ce3Hi1606 770.0 0.701 32 1.687 342.5 100/75.2
16.26 846.75602 828.72154 [M+NH,]",[M+K]",[M+Na]* TG 18:2_18:1_14:0 Cs3HosOs 689.6 1.787 1.8 1.543 314 100/100
16.39 860.77117 842.73837 [M+NH,]",[M+Na]",[M+K]" TG 18:2_18:1_15:0 Cs4HosOs 631.0 1.179 1.7 1.558 317.1 100/100
16.30 872.77207 854.73728 [M+NH,]",[M+K]",[M+Na]* TG 18:2_18:1_16:1 CssHogOs 643.0 2.182 2.0 1.563 318 100/ 100
16.00 920.77107 902.73666 [M+NH,]",[M+Na]",[M+K]* TG 18:2_18:2_20:4 Cs9HogOs 4327 1.095 2.0 1.592 3235 100/ 88.3
15.83 918.75356 900.72099 [M+NH,]",[M+K]",[M+Na]* TG 18:2_18:2 20:5 Cs9HosOs 560.8 -0.935 2.6 1.587 3225 80/100
15.89 944.77046 926.7357 [M+NH,]",[M+K]",[M+Na]* TG 18:2_18:2 22:6 Ce1HosOs 461.3 0.566 1.9 1.597 3245 100/ 100
16.82 954.84911 936.81492 [M+NH,4]",[M+Na]* TG 18:2_18:3_22:0 Ce1H, 0506 7133 0.747 33 1.653 335.8 100/97.9

Rt: retention time; % QC / SAMPLES: Percentage of QC and patient samples in which the lipid was detected.
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Table S5.2. ANOVA analysis results.

Compound f.value p-value -l?}%)l 0 FDR Fisher's LSD
LPC 20:1 135.49 3.50E>! 30456  1.22E%  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC 0-16:0 125.2 8.48E° 29.072  1.48E%  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC O-18:1 117.23 1.13E% 27.945  1.32E%  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC 18:0 89.504 2.62E2 23.582  228E?  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 18:1_18:2 22:6  84.754 1.76E% 22.754 123 MILD - COVID (-); SEVERE - COVID (-)
TG 16:0 20:4 22:6  83.312 3.19E% 22497  1.85E™ MILD - COVID (-); SEVERE - COVID (-)
TG 16:0_18:1 22:5  82.563 4.34E% 22362 2.16E™ MILD - COVID (-); SEVERE - COVID (-)
PC 0-34:3 80.814 9.01E% 22.045  3.92E%'  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC O-16:1 79.484 1.58E2 21.801  5.71E?  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 16:0_18:2 20:4  79.396 1.64E2 21.785  5.71E™ MILD - COVID (-); SEVERE - COVID (-)
TG 18:2 182 22:6  68.901 1.68E%° 19.774  5.32E" MILD - COVID (-); SEVERE - COVID (-)
LPC 17:0 67.915 2.65E20 19.577  7.69E"  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 18:1_18:1_22:6 67.1 3.87E% 19.412  1.04E'® MILD - COVID (-); SEVERE - COVID (-)
TG 18:0_18:1 20:4  66.236 5.80E2° 19.237  1.44E® MILD - COVID (-); SEVERE - COVID (-)
LPC 20:2 65.586 7.87E2° 19.104  1.83E'"  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PE 18:0 22:6 55.399 1.18E" 16.928  2.57E'®  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
PE 16:0_22:6 54.537 1.84E" 16.735  3.77E'®  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
SM 30:1;02 54.186 221E" 16.656  4.27E"° COVID (-) - MILD; COVID (-) - SEVERE
LPC 16:0 51.213 1.06E' 15976  1.93E"®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PC 37:2 50.904 1.25E"° 15905  2.17E COVID (-) - MILD; COVID (-) - SEVERE
Hex-Cer
49.345 2.88E0 1554 478E™" COVID (-) - MILD; COVID (-) - SEVERE
18:1;02/22:0
PC O-16:1_18:2 48.384 4.87E1° 15313  7.70E"®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPE 18:0 48.026 5.92E76 15227  8.96E'®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC 18:1* 47.696 7.10E 15.149  1.01E™  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 16:0_18:1 22:6  47.655 7.26E1° 15139  1.01E™ MILD - COVID (-); SEVERE - COVID (-)
LPC 18:1 46.751 1.20E'S 14922 1.60E™*  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PE 16:0_18:1 46.453 1.41ES 14.85 1.82E™*  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
TG 18:1_18:1 22:4  44.785 3.61E" 14.443 449" MILD - COVID (-); SEVERE - COVID (-)
PE 16:0 20:4 43.733 6.57E" 14.183  7.88E™ MILD - COVID (-); SEVERE - COVID (-)
Cer 18:1;02/24:1 42.886 1.07E 13.971  1.24E" MILD - COVID (-); SEVERE - COVID (-)
LPC 17:1 42.115 1.67E " 13.777  1.88E"®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
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Hoxcer 41.747 2.07E™ 13.684 2.25E" COVID (-) - MILD; COVID (-) - SEVERE
18:1;02/24:0
PE 16:1_22:5 41.271 2.73E™ 13.563 2.88E " MILD - COVID (-); SEVERE - COVID (-)
LPC 14:0 40.869 3.46E" 13.461 3.54E"*  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC 18:2 40.742 3.73E 1 13.428 3.71E®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 18:2_18:2_20:5  40.437 447EM 13.35 4.32E MILD - COVID (-); SEVERE - COVID (-)
LPC 15:0 40.33 4.76E"* 13.322 448E"  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
DG 18:1_20:4 40.251 4.99E " 13.302 4.57E" MILD - COVID (-); SEVERE - COVID (-)
PC O-16:0_18:2 40.01 5.75E1 13.24 5.13E"®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC 18:2* 39.533 7.64E1 13.117 6.65E*  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PE 18:2_16:0 38.615 1.33E" 12.878 1.I3E">  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
PC O0-34:2 37.966 1.96E"3 12.707 1.59E'>  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 16:0_18:2_22:5  37.965 1.96E 12.707 1.59E2 MILD - COVID (-); SEVERE - COVID (-)
PE 40:6 35.775 7.52E13 12.124 5.95E12 MILD - COVID (-); SEVERE - COVID (-)
LPC 20:3* 35.027 1.20E"? 11.921 9.27E">  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
SM 39:1;02 34.651 1.52E"2 11.819 1.15E™ COVID (-) - MILD; COVID (-) - SEVERE
SM 42:1;02 32.04 8.01E"? 11.096 5.93E" COVID (-) - MILD; COVID (-) - SEVERE
TG 16:0_18:1_18:2  31.476 1.15E"! 10.938 8.37E™M MILD - COVID (-); SEVERE - COVID (-)
CE 18:0 31.272 1.32E™" 10.88 9.36E™ COVID (-) - MILD; COVID (-) - SEVERE
PC 18:1_18:2 30.952 1.62E™" 10.79 1.13E° COVID (-) - MILD; COVID (-) - SEVERE
SM 40:2;02 30.812 1.78E™" 10.75 1.21E™" COVID (-) - MILD; COVID (-) - SEVERE
DG 18:2_22:6 30.689 1.93E™" 10.714 1.29E1° MILD - COVID (-); SEVERE - COVID (-)
LPC 20:3 30.555 2.11E™ 10.676 1.38E'®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PE O-18:1_18:2 29.497 4.24E™" 10.373 2.73E1° COVID (-) - MILD; COVID (-) - SEVERE
SM 41:1;02 27.898 1.24E° 9.9067 7.84E1° COVID (-) - MILD; COVID (-) - SEVERE
TG 18:2_18:1_16:1 27.146 2.07E1° 9.6849 1.28E”  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
PE 36:4 26.938 2.38E1° 9.6228 1.46E MILD - COVID (-); SEVERE - COVID (-)
SM 32:2;02 26.351 3.57E1° 9.4479 2.14E®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
LPC 20:4 26.022 4.48E1° 9.349 2.64E®”  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PE 34:2 25.833 5.10E1° 9.2922 2.96E"  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
TG 18:1_18:1_18:2 25.68 5.67E1° 9.2462 3.24E%”  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
PC 18:0_18:2* 25.594 6.02E"° 9.2201 3.36E" COVID (-) - MILD; COVID (-) - SEVERE
TG 16:0_18:1_18:1 25.581 6.08E1° 9.2163 3.36E" MILD - COVID (-); SEVERE - COVID (-)
PE O-16:1_18:2* 25.444 6.69E1° 9.1748 3.64E COVID (-) - MILD; COVID (-) - SEVERE
TG 17:0_18:1_18:2 25.09 8.56E 10 9.0673 4.59E®  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
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PC 0-36:3* 24.28 1.51E% 8.8202  7.87E% COVID (-) - MILD; COVID (-) - SEVERE
LPC 22:4 24.278 1.52E® 8.8195  7.87E®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 17:1_18:1 22:6  24.019 1.82E 8.7397  9.32E® MILD - COVID (-); SEVERE - COVID (-)
PC O-16:1_18:1 23.916 1.96E 8.7081  9.88E®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PC 0-36:3 23.589 2.47E% 8.607 1.23E%  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 18:1_18:1_18:0  23.294 3.05E% 85155  1.50E®  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
LPC 20:4* 22.724 4.59E 8.338  222E COVID (-) - SEVERE; MILD - SEVERE
SM 43:1;02 22.396 5.82E" 8.2351  2.77E® COVID (-) - MILD; COVID (-) - SEVERE
DG 18:1_18:2 21.163 1.43E% 7.8448  6.72E®  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
CE 14:0 21.021 1.59E% 77995  7.36E®  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PC 36:0 21.004 1.61E® 77942 7.36E% COVID (-) - MILD; COVID (-) - SEVERE
SM 32:1;02 20.562 2.23E® 7.6526  1.01EY COVID (-) - MILD; COVID (-) - SEVERE
TG 18:2_18:3 22:0  20.102 3.13E% 7.5041  1.40E" MILD - COVID (-); SEVERE - COVID (-)
DG 18:2_18:2 20.036 3.29E°% 74831  145E"Y  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
CE 17:0 19.94 3.53E% 74518  1.54E" COVID (-) - MILD; COVID (-) - SEVERE
SM 39:2;02 19.208 6.11E® 72138  2.63E” COVID (-) - MILD; COVID (-) - SEVERE
PE O-18:1_20:4 19.117 6.55E% 7.1839  2.78EY COVID (-) - MILD; COVID (-) - SEVERE
LPC 22:5 19.005 7.13E% 7.1471  299E"Y  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 18:1_18:2 18:2  18.925 7.57E % 7.1209  3.14EY7  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
TG 16:0_16:0 18:1  18.703 8.95E°% 7.0481  3.67EY MILD - COVID (-); SEVERE - COVID (-)
TG 18:1_18:1 20:1  18.424 1.11IEY 6.9561  448E"  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
PE 34:1 18.367 1.16EY 6.9371  4.62E" SEVERE - COVID (-); SEVERE - MILD
LPC 16:1 18.339 1.18EY 6.9281  4.67EY  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PE 18:0 20:4% 18.208 1.30E" 6.8845  5.10E7 MILD - COVID (-); SEVERE - COVID (-)
PE 18:0 20:4 17.975 1.56E" 6.8074  5.97E" MILD - COVID (-); SEVERE - COVID (-)
CE 1822 17.974 1.56E" 6.8069  5.97E" COVID (-) - MILD; COVID (-) - SEVERE
PE O-18:2 20:4 17.887 1.67EY 6.7781  6.30EY  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
TG 16:0 18:0 18:1  17.363 2.49EY 6.603 9.30E" MILD - COVID (-); SEVERE - COVID (-)
PE O-18:1_20:4* 17.353 2.51E" 6.5999  9.30E COVID (-) - MILD; COVID (-) - SEVERE
PC 40:8 16.637 4.38E" 63589  1.60E COVID (-) - SEVERE; MILD - SEVERE
PE O-16:1 20:4* 16.482 4.94E" 63064  1.79E COVID (-) - MILD; COVID (-) - SEVERE
CE 16:0 16.129 6.51E" 6.1866  2.33E%  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PE 40:7 16.086 6.73E" 6.1719  2.39E% MILD - COVID (-); SEVERE - COVID (-)
TG 18:2_18:2 20:4  16.074 6.79E" 6.1679  2.39E% MILD - COVID (-); SEVERE - COVID (-)
TG 18:1 18:1 18:1  15.896 7.82E" 6.107  2.72E MILD - COVID (-); SEVERE - COVID (-)
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PC 37:3 15.846 8.13E" 6.09 2.80E% COVID (-) - MILD; COVID (-) - SEVERE
LPE 16:0 15.739 8.84E" 6.0533  3.02E% COVID (-) - MILD; COVID (-) - SEVERE
DG 18:1 _18:1 15.689 9.20E" 6.0363  3.11E* MILD - COVID (-); SEVERE - COVID (-)
TG 17:1 _18:1 182  15.547 1.03E 59874  3.44E%  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
SM 18:1;02/20:0 15.412 1.15E 59412 3.80E COVID (-) - MILD; COVID (-) - SEVERE
SM 41:2;02 15.367 1.19E¢ 5.9257  3.90E% COVID (-) - MILD; COVID (-) - SEVERE
TG 17:0_18:1 18:1  15.219 1.33E 58748  4.34E%  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
LPE 18:1 15.197 1.36E 58672  4.37E% COVID (-) - MILD; COVID (-) - SEVERE
Cer 18:1;02/16:0 15.186 1.37E% 58633  4.37E% MILD - COVID (-); SEVERE - COVID (-)
PC 18:0_18:2 15.122 1.44E% 58414  4.56E° COVID (-) - MILD; COVID (-) - SEVERE
PC 0-38:4* 15.09 1.48E° 58303  4.63E% COVID (-) - MILD; COVID (-) - SEVERE
PE O-16:1 20:4 14.868 1.76E 57536 5.48E% COVID (-) - MILD; COVID (-) - SEVERE
DG 16:0_18:2 14.77 1.91E 57197  5.87E%  MILD - COVID (-); SEVERE - COVID (-); SEVERE - MILD
PC 16:0_18:0 14.355 2.66E 55754  8.07E% COVID (-) - MILD; COVID (-) - SEVERE
TG 16:0_17:0 18:1  14.351 2.67E% 55738  8.07E% MILD - COVID (-); SEVERE - COVID (-)
SM 40:1;02 14.31 2.76E% 55596  8.27E% COVID (-) - MILD; COVID (-) - SEVERE
PC 14:0_18:2 14.003 3.53E°% 54521  1.05E COVID (-) - MILD; COVID (-) - SEVERE
TG 16:1_18:2 18:2  13.966 3.64E% 54394  1.07E MILD - COVID (-); SEVERE - COVID (-)
PC 37:1 13.887 3.88E% 54115  1.13E® COVID (-) - MILD; COVID (-) - SEVERE
CE 203 13.653 4.68E 53293  1.36E® COVID (-) - MILD; COVID (-) - SEVERE
PC 14:0_20:4* 13.475 5.42E° 52664  1.56E”  COVID (-) - MILD; COVID (-) - SEVERE; MILD - SEVERE
PC 14:0_18:2% 13.458 5.49E% 52604  1.57E COVID (-) - MILD; COVID (-) - SEVERE
TG 15:0 182 18:2 12912 8.57E°% 5.0671  2.42E% MILD - COVID (-); SEVERE - COVID (-)
SM 42:8,02 12.656 1.06E 49757  2.97E% MILD - COVID (-); SEVERE - COVID (-)
PC 0-38:5 12.557 1.15E% 49403  3.19E% COVID (-) - SEVERE; MILD - SEVERE
PC 18:1_18:1 12.544 1.16E® 49356  3.20E% COVID (-) - MILD; COVID (-) - SEVERE
LPC 20:5 12.526 1.18E% 49292  3.23E% COVID (-) - MILD; COVID (-) - SEVERE
TG 16:0 18:3 18:4  12.48 1.22E% 4913 3.32E% MILD - COVID (-); SEVERE - COVID (-)
PI36:3 12.465 1.24E% 49074  3.34E% COVID (-) - MILD; COVID (-) - SEVERE
PC 18:1_18:1* 12.357 1.35E% 48689  3.60E" COVID (-) - MILD; COVID (-) - SEVERE
PC 38:7 12.353 1.36E" 48675  3.60E" MILD - COVID (-); SEVERE - COVID (-)
PE O-18:1_18:1* 12.308 1.41E 48511  3.71E" COVID (-) - MILD; COVID (-) - SEVERE
TG 182 18:1 _15:0  12.011 1.80E% 47443  4.71E% MILD - COVID (-); SEVERE - COVID (-)
DG 16:0_18:1 11.907 1.96E% 47069  5.10E" MILD - COVID (-); SEVERE - COVID (-)
CE 18:1 11.87 2.03E% 46935  522E% COVID (-) - MILD; COVID (-) - SEVERE
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TG 18:0 182 18:5 11.762  221E® 46547 5.67E® SEVERE - COVID (-); SEVERE - MILD
PE 18:1_18:0 11.627  248E™ 46056  630E% SEVERE - COVID (-); SEVERE - MILD
PC 0-38:4 11398  3.00E® 45224 7.57E® MILD - COVID (-); MILD - SEVERE
PC 0-37:5* 11.38 3.05E% 45159  7.63E% COVID (-) - SEVERE; MILD - SEVERE
PE 18:0_18:1 11269  335E" 44755 832E® SEVERE - COVID (-); SEVERE - MILD
PI36:2* 11.221 348" 44583  8.59E% COVID (-) - MILD; COVID (-) - SEVERE
PC 16:0_20:4 11.17 3.63E% 44397 8.90E® MILD - COVID (-); SEVERE - COVID (-)
PE 18:1_20:4 11.08 392E% 44067 9.54E% MILD - COVID (-); SEVERE - COVID (-)
LPE 18:2 10956  435E% 43613  0.000105 COVID (-) - MILD; COVID (-) - SEVERE
TG 15:0 _18:1 18:1 10758  5.14E™ 42889  0.000123 MILD - COVID (-); SEVERE - COVID (-)
PE 18:0_18:2* 10.669  5.54E% 42563  0.000132 SEVERE - COVID (-); SEVERE - MILD
PC 0-36:2 10.55 6.13E% 42123 0.000145 COVID (-) - MILD; COVID (-) - SEVERE
PC 33:0 10543 6.17E% 42099  0.000145 COVID (-) - MILD; COVID (-) - SEVERE
PC 18:0 203 10.521 628E% 42019  0.000147 COVID (-) - MILD; COVID (-) - SEVERE
PC 14:0 20:4 10499  640E®  4.1937  0.000149 COVID (-) - MILD; COVID (-) - SEVERE
CE17:1 10.149  8.62E®  4.0645 0.000199 COVID (-) - SEVERE
PC 30:0 98606  0.0001103  3.9575  0.000252 COVID (-) - MILD; COVID (-) - SEVERE
PE 18:0_18:2 97695  0.0001192  3.9236  0.000271 SEVERE - COVID (-); SEVERE - MILD
PC 0-32:2 94356 0.0001588  3.7991  0.000359 COVID (-) - SEVERE; MILD - SEVERE
PC 0-32:1 93805  0.0001665  3.7785  0.000374 COVID (-) - SEVERE
PC 17:0_18:2 92634  0.0001842 3.7346  0.000411 COVID (-) - MILD
LPC 22:6 92412 0.0001878  3.7263  0.000416 COVID (-) - MILD; COVID (-) - SEVERE
TG 16:0_16:1_18:1  9.0808  0.0002158  3.666  0.000475 MILD - COVID (-); SEVERE - COVID (-)
LPE 18:2* 9.0305  0.0002254  3.6471  0.000493 COVID (-) - MILD; COVID (-) - SEVERE
PC 0-40:5* 8.8682  0.0002594  3.586  0.000564 MILD - COVID (-); MILD - SEVERE
PC O-16:1_16:0 8.8308  0.000268  3.5719  0.000579 COVID (-) - MILD; COVID (-) - SEVERE
TG 18:1_18:2 22:0  8.603  0.0003268  3.4858  0.000702 SEVERE - COVID (-)
PC 16:0_20:4* 84693 0.0003672  3.4351  0.000784 MILD - COVID (-); SEVERE - COVID (-)
PC 16:0_18:1 84518  0.0003729 34285  0.000787 SEVERE - COVID (-); SEVERE - MILD
PE 0-20:1_20:4 84506  0.0003733 3428  0.000787 COVID (-) - MILD; COVID (-) - SEVERE
PC 17:0_18:2* 84341  0.0003787  3.4218  0.000794 COVID (-) - MILD; COVID (-) - SEVERE
DG 18:0_18:1 8.0989  0.0005079  3.2942  0.001058 SEVERE - COVID (-); SEVERE - MILD
PC 0-42:3 8.0726  0.0005198  3.2842  0.001077 COVID (-) - MILD; COVID (-) - SEVERE
PC 0-36:4 79579  0.000575  3.2403  0.001184 COVID (-) - SEVERE; MILD - SEVERE
Cer 36:0 7893 0.0006088  3.2156  0.001246 COVID (-) - MILD; COVID (-) - SEVERE
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PI36:1 7701 00007212 3.142  0.001468 COVID (-) - MILD; COVID (-) - SEVERE
PC 30:1 76099 0.0007817  3.107  0.001582 COVID (-) - SEVERE
TG 18:0 20:1 16:0  7.5021  0.00086  3.0655  0.00173 SEVERE - COVID ()
PEO-16:1 182 74217  0.0009236  3.0345  0.001847 COVID (-) - MILD; COVID (-) - SEVERE
PC 18:0_18:1 73224 0.0010087  2.9963  0.001997 COVID (-) - MILD; COVID (-) - SEVERE
PI383 73211 0.0010098  2.9958  0.001997 COVID (-) - MILD; COVID (-) - SEVERE
TG 18:2_18:1 14:0  7.0676  0.0012656  2.8977  0.002488 MILD - COVID (-); SEVERE - COVID (-)
DG 22:6_20:0 70334 0.0013048  2.8845  0.002551 MILD - COVID ()
PE 36:5 69934 00013522 2869  0.002629 SEVERE - COVID ()
PC 16:0 22:6* 6.8385  0.0015531  2.8088  0.003003 SEVERE - COVID (-)
PC 16:0 22:6 67731 0001647  2.7833  0.003167 SEVERE - COVID ()
TG 15:0 _16:0 18:1  6.7056  0.0017497  2.757  0.003346 MILD - COVID (-); SEVERE - COVID (-)
PC 3533 6.6568 0001828  2.738  0.003473 COVID (-) - MILD; COVID (-) - SEVERE
PC 16:0_18:1* 6.6518  0.0018362  2.7361  0.003473 SEVERE - COVID (-)
PCO-16:0 204 65965  0.00192908  2.7145 _ 0.00363 MILD - SEVERE
CE 20:4 6.5847  0.0019503  2.7099  0.003649 MILD - SEVERE
PC 16:0 22:4 6.1362  0.0029227 25342 0.005439 MILD - COVID (-); MILD - SEVERE
PC 16:0_16:1 6.0951  0.0030334 25181  0.005615 MILD - COVID (-); SEVERE - COVID (-)
PC 15:0_18:2 50028 0.0036114 24423 0.00665 COVID () - MILD
PCO-18:1 204 58766  0.0036985 2432  0.006774 MILD - SEVERE
PI18:0_16:1 5826 00038727 2412 0.007056 COVID (-) - MILD; COVID (-) - SEVERE
DG 16:1 1822 57813 0.0040334 23943 0.007311 MILD - COVID (-); SEVERE - COVID (-)
SM 33:1;02 57631 0.0041008 23871  0.007394 COVID (-) - SEVERE
PC 0-44:6 5.6877  0.0043921 23573 0.007879 MILD - SEVERE
DG 18:0_18:0 56701 0.0044631 23504  0.007965 SEVERE - COVID (-)
PE O-18:1 22:4% 5663 00044924 23475  0.007976 COVID (-) - MILD
PC 36:6 56476 0.0045557  2.3414  0.008048 COVID (-) - MILD; COVID (-) - SEVERE

FDR= false discovery rate; *= isomers (our data don’t. explain structural isomers or stereoisomers).

260



Chapter VII: Supporting information.

Table S5.3. SAM analysis results.

Compound d.value stdev rawp q.value
LPC 20:1 31.41 0.30672 0 0
LPC 0-16:0 30.257 0.3239 0 0
LPC O-18:1 29.296 0.33858 0 0
LPC 18:0 25.369 0.40202 0 0
TG 18:1 _18:2 22:6 24.588 0.41534 0 0
TG 16:0_20:4_22:6 24.344 0.41957 0 0
TG 16:0_18:1_22:5 24215 0.4218 0 0
PC 0-34:3 23912 0.42709 0 0
LPC O-16:1 23.678 0.43121 0 0
TG 16:0_18:2_20:4 23.662 0.43148 0 0
TG 18:2_18:2 22:6 21.693 0.46703 0 0
LPC 17:0 21.497 0.47067 0 0
TG 18:1 18:1 22:6 21.333 0.47373 0 0
TG 18:0_18:1_20:4 21.157 0.47701 0 0
LPC 20:2 21.024 0.47951 0 0
PE 18:0_22:6 18.808 0.52239 0 0
PE 16:0_22:6 18.608 0.52637 0 0
SM 30:1;02 18.526 0.52801 0 0
LPC 16:0 17.819 0.54232 0 0
PC37:2 17.744 0.54386 0 0
Hex-Cer 18:1;02/22:0 17.362 0.55172 0 0
PC O-16:1_18:2 17.123 0.55668 0 0
LPE 18:0 17.033 0.55855 0 0
LPC 18:1* 16.95 0.56029 0 0
TG 16:0_18:1_22:6 16.939 0.5605 0 0
LPC 18:1 16.71 0.56532 0 0
PE 16:0_18:1 16.634 0.56692 0 0
TG 18:1 18:1 22:4 16.202 0.57607 0 0
PE 16:0 _20:4 15.925 0.582 0 0
Cer 18:1;02/24:1 15.699 0.58687 0 0
LPC 17:1 15.491 0.59136 0 0
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Hex-Cer 18:1;02/24:0 15.392 0.59353

PE 16:1 22:5 15.262 0.59636

LPC 14:0 15.152 0.59878

LPC 182 15.117 0.59955

TG 18:2_18:2_20:5 15.033 0.60139

LPC 15:0 15.003 0.60204

DG 18:1_20:4 14.981 0.60253
PC 0-16:0_18:2 14914 0.604

LPC 18:2* 14.781 0.60694

PE 18:2_16:0 14523 0.61268
PC 0-34:2 14339 0.6168

TG 16:0_18:2 22:5 14339 0.61681

PE 40:6 13.705 0.63113

LPC 20:3* 13.485 0.63618

SM 39:1;02 13373 0.63874

SM 42:1;02 12.582 0.65717

TG 16:0_18:1_18:2 12.407 0.66129

CE 18:0 12.344 0.66279

PC 18:1_18:2 12.244 0.66516
SM 40:2;02 122 0.6662

DG 18:2 22:6 12.161 0.66713

LPC 20:3 12.119 0.66812

PE O-18:1_1822 11.784 0.67616

SM 41:1;02 11.268 0.68868

TG 18:2_18:1_16:1 11.022 0.69472

PE 36:4 10.953 0.69642

SM 32:2;02 10.758 0.70123

LPC 20:4 10.648 0.70396

PE 3422 10.585 0.70554

TG 18:1_18:1_18:2 10.534 0.70682

PC 18:0_18:2* 10.505 0.70754

TG 16:0_18:1_18:1 10.5 0.70765
PE O-16:1_18:2* 10.454 0.7088
TG 17:0_18:1_18:2 10.334 0.71181

PC 0-36:3* 10.058 0.71877
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LPC 22:4 10.057 0.71879
TG 17:1_18:1 22:6 9.9683 0.72105
PC O-16:1_18:1 9.9329 0.72195
PC 0-36:3 9.8198 0.72483

TG 18:1_18:1_18:0 9.7173 0.72744
LPC 20:4* 95184 0.73254

SM 43:1;02 9.4029 0.73551
DG 18:1_1822 8.9645 0.7469
CE 14:0 8.9135 0.74823

PC 36:0 8.9075 0.74839

SM 32:1;02 8.7482 0.75257
TG 18:2_18:3 22:0 8.5800 0.75698
DG 182_18:2 8.5571 0.75761
CE 17:0 8.5219 0.75854

SM 39:2,02 82534 0.76568
PE O-18:1_20:4 82197 0.76658
LPC 22:5 8.1781 0.76769

TG 18:1_182_18:2 8.1485 0.76849
TG 16:0_16:0_18:1 8.0662 0.77069
TG 18:1_18:1_20:1 7.9622 0.77349
PE 34:1 7.9407 0.77407

LPC 161 7.9306 0.77434

PE 18:0_20:4* 7.8813 0.77567
PE 18:0_20:4 7.7941 0.77803
CE 1822 7.7935 0.77804

PE O-18:2_20:4 7.761 0.77892
TG 16:0_18:0_18:1 75627 0.78431
PE O-18:1_20:4* 7.5592 0.78441
PC 40:8 7.286 0.79188

PE O-16:1_20:4% 7.2265 0.79352
CE 16:0 7.0905 0.79727

PE 40:7 7.0739 0.79774

TG 18:2_18:2 20:4 7.0693 0.79786
TG 18:1_18:1_18:1 7.0002 0.79977
PC 373 6.9809 0.80031
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LPE 16:0 6.9393 0.80147
DG 18:1_18:1 6.92 0.802
TG 17:1_18:1_18:2 6.8644 0.80355
SM 18:1;02/20:0 6.8119 0.80501

SM 41:2,02 6.7943 0.8055
TG 17:0_18:1_18:1 6.7365 0.80712
LPE 18:1 6.7279 0.80736

Cer 18:1;02/16:0 6.7234 0.80748
PC 18:0_18:2 6.6984 0.80818
PC 0-38:4* 6.6859 0.80853
PE O-16:1_20:4 6.5987 0.81098
DG 16:0_18:2 6.5601 0.81206
PC 16:0_18:0 6.396 0.81669
TG 16:0_17:0_18:1 6.3942 0.81674
SM 40:1;02 6378 0.81719
PC 14:0_18:2 6.2556 0.82066
TG 16:1_18:2_18:2 6.2411 0.82107
PC37:1 6.2093 0.82197

CE 203 6.1157 0.82463

PC 14:0 20:4* 6.044 0.82668
PC 14:0_18:2* 6.0372 0.82687
TG 15:0_18:2 18:2 58169 0.83319
SM 42:8;02 57126 0.83619
PC 0-38:5 56722 0.83736

PC 18:1_18:1 5.6669 0.83751
LPC 20:5 5.6595 0.83773

TG 16:0_18:3_18:4 5.641 0.83826
PI36:3 5.6347 0.83844

PC 18:1_18:1* 55907 0.83972
PC 387 5.5891 0.83976

PE O-18:1_18:1* 55704 0.8403
TG 18:2_18:1_15:0 5.4485 0.84384
DG 16:0_18:1 5.4058 0.84509
CE 18:1 53905 0.84553

TG 18:0_18:2_18:5 53462 0.84683

264



Chapter VII: Supporting information.

PE 18:1_18:0 5.29 0.84846 0 0
PC O-38:4 5.195 0.85125 0 0
PC O-37:5* 5.1875 0.85147 2.87E% 4.68E%

PE 18:0_18:1 5.1415 0.85282 2.87E% 4.68E%

PI 36:2* 5.1217 0.8534 2.87E 4.68E
PC 16:0_20:4 5.1005 0.85402 2.87E 4.68E
PE 18:1_20:4 5.0628 0.85513 2.87E% 4.68E%

LPE 18:2 5.0109 0.85666 5.75E% 9.05E%

TG 15:0_18:1_18:1 4.9281 0.8591 5.75E% 9.05E%
PE 18:0_18:2* 4.8908 0.86021 5.75E% 9.05E%
PC 0-36:2 4.8405 0.8617 5.75E% 9.05E%

PC 33:0 4.8378 0.86178 5.75E% 9.05E%
PC 18:0_20:3 4.8286 0.86205 8.62E" 1.34E%
PC 14:0_20:4 4.8192 0.86233 8.62E" 1.34E%

CE 17:1 4.6714 0.86673 0.000115 1.76E%

PC 30:0 4.5489 0.87039 0.000115 1.76E%

PE 18:0_18:2 4.5101 0.87155 0.000144 2.19E
PC 0-32:2 4.3675 0.87583 0.000172 2.61E®
PC 0-32:1 4.3439 0.87654 0.000201 2.95E%

PC 17:0_18:2 4.2936 0.87805 0.000201 2.95E%

LPC 22:6 4.2841 0.87834 0.000201 2.95E

TG 16:0_16:1_18:1 4.2151 0.88043 0.000201 2.95E
LPE 18:2* 4.1934 0.88108 0.000201 2.95E

PC 0-40:5* 4.1233 0.88321 0.00023 3.33E%

PC O-16:1_16:0 4.1072 0.8837 0.00023 3.33E%
TG 18:1_18:2_22:0 4.0085 0.8867 0.000287 4.13E"
PC 16:0_20:4* 3.9504 0.88847 0.000345 4.84E %
PC 16:0_18:1 3.9428 0.8887 0.000345 4.84E %
PE 0-20:1_20:4 3.9422 0.88872 0.000345 4.84E "
PC 17:0_18:2* 3.9351 0.88893 0.000345 4.84E "

DG 18:0_18:1 3.7888 0.89341 0.000402 5.55E%
PC 0-42:3 3.7773 0.89376 0.000402 5.55E%
PC O-36:4 3.727 0.8953 0.000402 5.55E%

Cer 36:0 3.6986 0.89618 0.000517 7.09E%

P136:1 3.6142 0.89878 0.000546 7.44E%
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PC 30:1 3.574 0.90002 0.000603 8.18E*

TG 18:0_20:1_16:0 3.5264 0.90149 0.000661 8.90E*

PE O-16:1_18:2 3.4909 0.90259 0.00069 9.24E%
PC 18:0_18:1 3.4469 0.90395 0.000805 0.0001065
PI38:3 3.4464 0.90396 0.000805 0.0001065
TG 18:2_18:1_14:0 3.3338 0.90746 0.000891 0.0001166
DG 22:6_20:0 3.3186 0.90793 0.000891 0.0001166
PE 36:5 3.3008 0.90849 0.00092 0.0001197
PC 16:0_22:6* 3.2317 0.91064 0.001063 0.0001376
PC 16:0_22:6 3.2025 091156 0.001207 0.0001554
TG 15:0_16:0_18:1 3.1723 0.9125 0.001264 0.0001619
PC 35:3 3.1505 091318 0.001293 0.0001638
PC 16:0_18:1* 3.1482 0.91325 0.001293 0.0001638
PC 0-16:0_20:4 3.1234 0.91403 0.001322 0.0001656
CE 20:4 3.1182 091419 0.001322 0.0001656
PC 16:0_22:4 2.9164 0.92054 0.002213 0.0002757
PC 16:0_16:1 2.8978 0.92112 0.002299 0.0002849
PC 15:0_18:2 2.8108 0.92387 0.002759 0.0003401
PC O-18:1_20:4 2.7989 0.92425 0.00296 0.000363
PI18:0_16:1 2.7759 0.92498 0.003132 0.0003821
DG 16:1_18:2 2.7556 0.92562 0.003276 0.0003976
SM 33:1;02 2.7473 0.92588 0.003305 0.000399
PC 0-44:6 2.7131 0.92697 0.003649 0.0004383
DG 18:0_18:0 2.7051 0.92722 0.003707 0.0004407
PE O-18:1_22:4* 2.7018 0.92733 0.003707 0.0004407
PC 36:6 2.6948 0.92755 0.003764 0.0004453
Cer 18:2;02/24:0 2.5409 0.93245 0.005144 0.0006053
SM 42:4;02 2.5302 0.93279 0.005259 0.0006158
PC O-18:0_20:4 2.4916 0.93403 0.005948 0.0006929
SM 37:2;02 2.4871 0.93417 0.005977 0.0006929
CE 15:0 2.4358 0.93581 0.006437 0.0007425
PC 18:0 _22:4 2.4274 0.93608 0.006523 0.0007488
PC 42:8 2.3933 0.93718 0.006954 0.0007943
PC 0-36:5 2.332 0.93914 0.008075 0.0009178
PE O-18:1_22:4 2.2811 0.94078 0.008764 0.0009914
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stdev= standard deviation; *= isomers (our data don’t explain structural isomers or stereoisomers)
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CHAPTER VIII

Conclusions

The PhD project aimed to evaluate different analytical techniques for the study of omics
sciences, and specially of lipidomics, with the purpose to pinpoint metabolic alterations related
to a pathological state or a dietary regime. The research has been focused to develop, apply and
validate highly advanced MS-based platforms that can pursue personalized medicine objec-
tives. Indeed, the PhD project had the main goal to identify and highlight potential new bi-
omarkers leading to a better understanding of the pathophysiology of investigated diseases and
allowing a timely intervention for a better final care of the patient.

Identifying new biomarkers, as new prognostic or diagnostic tools, represents a constant
urgency both for rare diseases with a low incidence and for more widespread pathologies, such
as cardiovascular diseases. In this regard, in the first two year of the PhD, the research activity
was focused on the application of MS-based strategies in the field of hypertension and athero-
sclerosis, two of the main risks of CVDs, which are among the main causes of mortality.

Firstly, we attempted to identify a possible correlation among sphingolipids, hypertension
and sortilin. To assess this aim, a method was developed and validated for the quantification of
S1P and ceramides. The experimental conditions were applied to HUVECs line and to two
patients’ cohorts, Campania Salute Network study and Moli-Sani population. Remarkable, the
results from human plasma samples confirmed the indications obtained from in vitro experi-
ments. Indeed, incubation of HUVECs with sortilin induced an increase in the medium culture
levels of S1P. These findings have been widely supported by in vivo studies where not only

elevated sphingosine-1-phosphate plasma levels were associated with hypertension, but
268



Chapter VIII: Conclusions.

moreover the observed plasma concentration of S1P went hand in hand with blood pressure
levels. Furthermore, in confirmation of the correlation between sortilin and S1P (1=0.761,
=0.4648) plasma levels, the activity of ASMase, co-responsible of sphingolipids metabolism,
revealed a linear increase with the severity of the hypertension. In conclusion, here we suggest
the potential of S1P and sortilin as new biomarkers for hypertension (chapter II). Hypertension
is often found in combination with atherosclerosis and in addition to the discovery of new bi-
omarkers, nowadays, it is increasingly attractive to look for new biomolecules of natural origin
that may counteract the onset of cardiovascular risks or represent a safer adjuvant to drug ther-
apies. To test an antiatherosclerosis potential activity of a novel spirulina peptide with reported
antihypertensive properties, namely SP6, we elaborated a direct infusion Fourier transform ion
cyclotron resonance mass spectrometry (DI-FT-ICR-MS) untargeted approach. The method al-
lowed to uncover the metabolites and the lipids significantly modulated by SP6 supplemental
dietary regime, such as sphingomyelins, glycerophospholipids and TCA intermediates. The re-
sults open the way to a large-scale study of SP6 preventive treatment for atherosclerosis and
highlight the usefulness of DI-FT-ICR in lipidomic and metabolomic profiling (chapter III)
before to move to LC-MS/MS approaches. In this regard, ion mobility mass spectrometry (IMS)
represents a powerful tool to boost lipidomics profiling, providing additional information, such
as cross collision section values, regarding the analysed metabolites. During the PhD project,
TIMS technology, coupled to different separation techniques, was employed to investigate lip-
idomic perturbations of a rare disease like AP-4 deficiency syndrome and of the current infec-
tion disease caused by SARS-CoV-2. A nano-LC-TIMS approach led to the identification of
585 lipids in AP-4 deficient brain mice covering 24 lipid subclasses with high MS/MS scores
and low ACCS errors (%), median values of 889 and 1%, respectively. The developed nLC-
TIMS method corroborated the role for AP-4 in the transport of DAGLB and opened to
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suggestive new insights of the pathophysiology of this severe childhood hereditary spastic par-
aplegia. Indeed, the employed strategy, in addition to have provided information about a
marked suppression of hexosyl-ceramides in Ap4el mice also identified in 2-AG the responsi-
ble of the axonal growth failure, which distinguishes neurons of patients suffering from this
form of HSP. These findings open new horizons for the treatment of AP-4 deficiency syndrome
(chapter IV). In addition, a UHPLC-TIMS-qTOF method integrated with statistical analysis
and a machine learning model evidenced an alteration of plasma lipidome in severe Covid-19
patients, revealing a restricted panel of LPCs, LPC-Os and PC-O with great accuracy in dis-
criminating severity and mortality. If measured at the time of hospitalization, the proposed lipid
signature could represent an additional prognostic tool to identify high-risk patients (chapter
VI). Finally, considering that higher sensitivity is always beneficial in mass spectrometry-based
approaches and always more necessary for biomedical research, we have adapted a new nano-
chromatography system, namely Evosep One, to lipidomics applications. The developed sys-
tem coupled to a trapped ion mobility mass spectrometer combines the sensitivity of nano-
ionization with the advantages of a high-flow rate and opens new opportunities for nano-LC in
lipidomics for clinical applications (chapter V).

Clearly, to adopt these methods in the clinical setting, there is an urgent need of validation
on a large scale, as well as deliver faster results for clinicians. Future efforts will be spent in
trying to reduce analysis runtimes without compromising lipid coverage, exploiting the high
acquisition speed of the current MS devices, in order to analyse larger patients’ cohorts, and

allow method transfer across different laboratories.
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