
i 
 

 

UNIVERSITY OF OKLAHOMA 

GRADUATE COLLEGE 

 
 
 
 

METABOLITE PROFILING OF EXPERIMENTAL CUTANEOUS LEISHMANIASIS 

LESIONS DEMONSTRATES SIGNIFICANT PERTURBATIONS IN TISSUE 

GLYCEROPHOSPHOCHOLINES 

 
 
 
 
 
 
 
 

A THESIS 

 

SUBMITTED TO THE GRADUATE FACULTY 

 

in partial fulfillment of the requirements for the 

Degree of 

MASTER OF SCIENCE  

 
 
 
 

By 

 
 

ADWAITA PARAB 

Norman, Oklahoma 

2021 



i 
 

 
 
 

METABOLITE PROFILING OF EXPERIMENTAL CUTANEOUS LEISHMANIASIS 

LESIONS DEMONSTRATES SIGNIFICANT PERTURBATIONS IN TISSUE 

GLYCEROPHOSPHOCHOLINES 

 
 
 
 
 
 

A THESIS APPROVED FOR THE DEPARTMENT OF MICROBIOLOGY AND PLANT 

BIOLOGY 

 
 
 
 
 
 
 
 

BY THE COMMITTEE CONSISTING OF 

 
 
 
 
 
 
 
 
 

Dr. Laura-Isobel McCall 

Dr. Elizabeth Karr 

Dr. Krithivasan Sankaranarayanan 



 

iv 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Copyright by Adwaita Parab 2021 

All Rights Reserved. 



iv 
 

 
Table of Contents 

 
 
 
 

Chapter 1 Introduction 1-2 

Chapter 2 Results 3-16 

Chapter 3 Discussion 17-18 

Chapter 4 Materials and methods 19-23 

Chapter 5 Supplementary information 24-39 



v 
 

 
Abstract 

 
Each year 700,000 to 1.2 million new cases of cutaneous leishmaniasis (CL) are reported 

and yet CL remains one of thirteen diseases classified as neglected tropical diseases 
(NTDs). Leishmania major is one of several different species of that same genus that can cause 
CL. Current CL treatments are limited by adverse effects and rising resistance. Studying disease 
metabolism at the site of infection can lead to new drug targets. In this study, samples were 
collected from mice infected in the ear and footpad with L. major and analyzed by untargeted 
liquid chromatography-tandem mass spectrometry (LC-MS/MS). Significant differences in 
overall metabolite profiles were noted in the ear at the site of the lesion. Interestingly, lesion- 
adjacent, macroscopically healthy sites also showed alterations in specific metabolites, 
including select phosphocholines (PCs). Host-derived PCs in the lower m/z range (m/z 200-799) 
showed an increase with infection in the ear at the lesion site, while those in the 
higher m/z range (m/z 800-899) were decreased with infection at the lesion site. Overall, our 
results expanded our understanding of the mechanisms of CL pathogenesis through the host 
metabolism and may lead to new curative measures against infection with Leishmania. 
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Chapter 1: Introduction 
Leishmaniasis affects people in 88 countries worldwide in tropical, subtropical and 

temperate regions, putting approximately 350 million individuals at risk of infection, with 
approximately 12 million battling the disease [1]. It is one of the three most impactful vector- 
borne protozoan neglected tropical diseases, causing approximately 2.1 million DALYs 
(Disability-Adjusted Life Years) and 51,000 deaths annually. With recent population 
movements, leishmaniasis is now affecting people in non-endemic regions as well. The 
expanding spread of leishmaniasis can be attributed to climate change and social constraints of 
populations living in poverty and conflict. Leishmaniasis is a disease that is exacerbated by 
poverty and socio-economic barriers, increasing rates of disease progression, mortality and 
morbidity and with significant social stigma [2][3]. 

Leishmaniasis is caused by about 20 different species of the parasite Leishmania, with 
three clinical syndromes: visceral, cutaneous (CL) and mucocutaneous leishmaniasis. CL is the 
most common form of the disease and symptoms include skin lesions and ulcers on exposed 
parts of the body. Mucocutaneous leishmaniasis is a disabling form where the lesions can lead 
to destruction of soft tissue of the nose, mouth and throat cavities. Of the three clinical forms 
of the disease, visceral leishmaniasis (kala-azar) is the deadliest, with serious symptoms like 
swelling of the liver and spleen, extreme anemia and frequent bouts of fever. Infection is 
transmitted through female sandflies of the Phlebotomus genus in the Old World and 
Lutzomyia genus in the New World [4]. Promastigotes enter the body upon being bitten by a 
female sandfly. They are taken up by macrophages, where they enter the amastigote stage, 
multiplying and affecting various tissue types depending on whether infection is initiated by a 
viscerotropic or dermotropic parasite strain [5][6]. This initiates the clinical manifestations of 
the disease. Humans as well as other mammals serve as host reservoirs for the parasite [7]. 

The current course of treatment for CL is usually antimonial drug compounds. These are 
known to be highly toxic compounds, in addition to the threat of increased parasite resistance 
to antimony in several regions of the world. Miltefosine, amphotericin B and paromomycin are 
among the other drugs that are administered for CL treatment, all of which have the drawbacks 
of high level of toxicity, increased drug resistance and treatment failure. Miltefosine is also 
teratogenic and should not be given to women in childbearing age. Treatment failure can be 
attributed to the characteristics of the host (immune system and nutritional status), of the 
parasite (mechanisms of survival within the host, drug resistance mechanisms, tissue location, 
etc.) and environmental factors such as awareness and treatment accessibility [8]. Approaching 
disease pathogenesis from a molecular perspective could uncover new mechanisms of infection 
and aid in developing new cures for leishmaniasis [9]. 

Alongside genes and proteins, metabolites play an important role in the life of an 
organism. The metabolome reflects the true functional endpoint of a complex biological system 
and provides a functional view of the organism by taking into account the sum of its genes, 
RNA, proteins and its environment [10]. Untargeted metabolomics can help identify 
metabolites involved in disease pathogenesis, in an unbiased fashion, acquiring data across a 
broad mass range [11]. For example, untargeted metabolomics has shown that miltefosine’s 
mode of action in vitro may be related to modulation of parasite lipid metabolism, particularly 
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increased levels of by-products of lipid turnover [12]. The overall aim of this work was to 
perform an untargeted metabolic analysis of CL lesions in mice infected with Leishmania major. 
Our results showed significant changes in the host metabolism, specifically 
glycerophosphocholines (PC), in the skin lesions of CL. 
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Chapter 2: Results 

To better understand the impact of infection on tissue metabolites, we analyzed overall 
and specific metabolite differences in the presence and absence of infection with Leishmania 
major, at sites of lesion and lesion-adjacent sites (with no visible signs of infection). BALB/c 
mice were injected intradermally in the ear. Eight weeks post-infection, samples were collected 
from the area where the parasites were injected, which showed skin lesions (“infected ear 
center”), the surrounding area that appeared infection-free (“infected ear edge”), and the 
matched tissue regions from the uninfected ear (“uninfected ear center”, “uninfected ear 
edge”) (Figure 1A). Metabolites were extracted with aqueous and organic solvents and 
analyzed by untargeted LC-MS/MS (see Materials and Methods). Overall, for both aqueous and 
organic extractions, distinct global metabolite profiles were observed by Principal Coordinate 
Analysis (PCoA) for the infected ear center compared to infected ear edge (PERMANOVA 
p<0.01, aqueous extraction R2 = 0.743, organic extraction R2= 0.643), to uninfected ear center 
(PERMANOVA p<0.01, aqueous extraction R2=0.739, organic extraction R2=0.805) and to 
uninfected ear edge (PERMANOVA p<0.01, aqueous extraction R2=0.288, organic extraction 
R2=0.248). In contrast, no significant differences for both aqueous and organic extracts by PCoA 
analysis in terms of overall metabolite profile were observed between infected ear edge and 
uninfected ear samples (Figure 1B and 1C, PERMANOVA p>0.1). Thus, L. major infection 
changes the overall tissue chemical composition at the lesion location in the ear. In contrast, 
the impact of L. major infection on overall footpad metabolite profile for the organic 
(PERMANOVA p=0.218 R2=0.156) and aqueous (PERMANOVA p=0.244 R2=0.146) extractions 
was much more minor. Random forest machine learning analysis [13] was performed to identify 
the metabolites most affected by infection in both experimental systems, with annotation 
performed using molecular networking and GNPS [14]. Annotatable molecules most highly 
affected by infection include metabolites of the phosphocholine (PC) family of phospholipids, 
glutamine, and eicosatrienoic acid (Table 1, 2, 3, 4, Figure S1). Glutamine was decreased with 
infection at the site of the ear lesion (Wilcoxon rank sum test p value=0.0079 comparing to 
uninfected ear center), although it was unaffected by infection in the footpad. Eicosatrienoic 
acid was increased in the infected footpad (Wilcoxon rank sum test p value=0.0079). 

Given that many of the differential molecules are PCs, we investigated the impact of 
infection on this family in greater detail. Molecular network analysis of PC family molecules in 
both aqueous and organic ear extracts showed that most detected PCs were strongly increased 
by infection (Fig 1 D, S2 Fig). In particular, the infected group was significantly higher than the 
uninfected group for PCs in the lower ranges of m/z 200-299, 400-499, 500-599, and 600-699 
(Wilcoxon rank sum test p value<0.05). These were also significantly higher in the infected ear 
center compared to infected ear edge, to uninfected ear center, and to uninfected ear edge 
(Wilcoxon rank sum test p value<0.05 for each pairwise comparison, Fig 1 E, F). In the range of 
m/z 700-799, the levels of PCs in the infected ear center were significantly greater than in the 
uninfected ear center (Wilcoxon rank sum test p value < 0.05) (Fig 1 I). A reverse trend was 
observed in the mass range of m/z 800-899 where the PC levels were significantly higher in the 
uninfected ear center in comparison to the infected ear center (Wilcoxon rank sum test p value 
< 0.05) (Fig 1J). No PCs were detected in the m/z 300-399 range. Total PCs were significantly 
increased in the infected group in comparison to the uninfected group (Wilcoxon rank sum test 
p value<0.05, Fig 1 K). Given that all these PCs were detected in both infected and uninfected 
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samples, albeit at differential abundances, they are either host-derived or commonly produced 
by both parasite and host. Likewise, most PCs were increased by infection in the footpad (Table 
3, 4, S2 Fig). These results indicate that PCs are strongly affected by cutaneous Leishmania 
infection. In addition, our observation that specific PCs as well as PCs of multiple m/z ranges are 
also affected at lesion-adjacent sites (“infected ear edge”) indicates that infection-induced 
metabolic perturbations are not restricted to the lesion site, revealing a better picture of what 
is happening to the host during the disease state and providing clues to the pathways involved. 
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Figure 1. Effect of in vivo L. major infection on host metabolite profile. (A) Sites of infection and 
sample collection. Lesion at the center of the infected ear is circled in blue. (B) PCoA analysis of 
aqueous extraction from infected and uninfected ear samples, showing overall differences in 
metabolite profiles between sampling sites. PERMANOVA p= 0.004, R2=0.288. (C) PCoA analysis 
of organic extraction from infected and uninfected ears, showing differences in global 
metabolite profiles between sampling sites. PERMANOVA p= 0.003, R2=0.248. (D) 
Representative subnetwork of phosphocholine (PC) molecular family members found in ear 
tissue and showing high relative abundance with infection (red) and low abundance without 
infection (blue). Nodes are scaled by normalized feature peak area. (E-J) PCs in the m/z range 
200-299, 400-499, 500-599, 600-699, 700-799 and 800-899, respectively, change with infection 
and sampling position in the ear. (K) Total PC levels were increased at the site of infection in the 
ear. (L) Representative metabolite decreased by infection at the site of the lesion: glutamine 
(Wilcoxon rank-sum test comparing infected ear center vs infected ear edge p=0.007937). (M) 
Representative metabolite increased only at infection-adjacent sites: PC(O-34:1), Wilcoxon 
rank-sum test comparing infected ear center vs infected ear edge p=0.007937). Non- 
overlapping boxplot notches indicate significantly different medians between groups. 
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Table 2. Top differential molecules for ear organic extraction as determined by random forest 
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Table 3. Top differential molecules for footpad aqueous extraction as determined by random forest 
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ed ear 

center 

281.0 

052 

2.55 NA NA NA NA NA High in 

infected 

0.008 Lowest in 

infected ear 

center 

compared to 

all other 

groups 

 
 
 

No 

differen

ce noted 

377.2 

661 

4.32 NA NA NA NA NA High in 

infected 

0.008 Lower in 

infected ear 

center 

compared to 

all other 

groups 

 
 

High 

in 

infect

ed ear 

center 

230.1 

756 

2.74 NA NA NA NA NA High in 

uninfected 

0.008 No difference 

noted 

 

ND 
1 Test returns identical p-values when non-overlapping peak areas are obtained between samples in each group (due to identical 

ranks regardless of the specific peak areas.) 
2 NA, not applicable 
3 ND, not detected 
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Table 4. Top differential molecules for footpad organic extraction as determined by random forest 

m/z RT Spectral match 
on GNPS / LIPID 
MAPS / 
Molecular 
networking 

Mass 
differenc 
e 

PPM 
error 

Cosine 
score 

Numbe 
r of 
matche 
d peaks 

Impact of 
infection in 
footpad 

P 
values 
1 

Impact of 
infection 
in ear 
(Aqueous 
extraction 
) 

Impact of 
infection 
in ear 
(Organic 
extraction 
) 

794.603 

5 

5.9 

7 

PC O-38:5 0 3 0.81 7 High in 

infected 

0.008 High in 

infected 

ear edge 

High in 

infected 

ear center 

768.588 

5 

5.8 

9 

PC O-36:4 NA2 2.21 NA NA High in 

infected 

0.008  

ND 

High in 

infected 

ear center 

703.575 

2 

4.7 NA NA NA NA NA High in 

infected 

0.008 High in 

infected 

ear center 

High in 

infected 

ear center 

720.589 

5 

6.6 

3 

NA NA NA NA NA High in 

infected 

0.008 High in 

infected 

ear edge 

High in 

infected 

ear center 

796.613 

5 

6.6 

4 

NA NA NA NA NA High in 

infected 

0.008 High in 

infected 

ear edge 

 

ND 

828.552 

1 

5.3 

6 

NA NA NA NA NA High in 

uninfected 

0.008  
 

ND 

High in 

uninfecte 

d ear 

center 
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811.668 

6 

6.5 

5 

SM 42:3;O2 NA NA NA NA High in 

infected 

0.008 High in 

infected 

ear edge 

 

ND 

796.618 

2 

6.5 

9 

PC(17:0/20:4) 0 3 0.8 6 High in 

infected 

0.008 High in 

infected 

ear edge 

 

ND 

744.589 

1 

6.0 

1 

PE(18:1/18:1) 0 4 0.76 13 High in 

infected 

0.008 High in 

infected 

ear center 

 

ND 

352.293 

7 

4.7 

1 

NA NA NA NA NA High in 

infected 

0.008  

ND 

High in 

infected 

ear center 

519.489 

1 

3.7 

9 

NA NA NA NA NA High in 

infected 

0.008  

ND 

 

ND 

480.309 

7 

2.8 

1 

PE(18:1(9Z)/0:0) NA NA NA NA High in 

uninfected 

0.008  
 
 
 

No 

difference 

noted 

Lowest in 

the 

infected 

ear center 

compared 

to all 

other 

groups 

813.686 

7 

7.5 

1 

SM(d18:1/22:0) 0 4 0.91 6 High in 

infected 

0.008  

ND 

High in 

infected 

ear edge 

585.534 3.5 

3 

NA NA NA NA NA High in 

infected 

0.016 High in 

infected 

ear center 

 

ND 

722.498 

3 

7.8 

5 

NA NA NA NA NA High in 

uninfected 

0.095  

ND 

 

ND 
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1 Test returns identical p-values when non-overlapping peak areas are obtained between samples in each group (due to identical 

ranks regardless of the specific peak areas.) 
2 NA, not applicable 
3 ND, not detected 
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Chapter 3: Discussion 
The metabolome provides a link between genotype and phenotype, by identifying 

changes occurring at the molecular level, for example when parasites and their hosts interact 
[15]. Metabolism is also an indicator of the host physiological state. Understanding the 
infection-induced host metabolic alterations could lead to new treatments for parasitic diseases 
[16], particularly host-targeted drug therapy focused on pathways otherwise redundant to the 
host but important for parasite invasion, replication and survival [17], or on mitigating damage 
caused by the parasite [16]. In addition, changes in host plasma metabolite abundance, 
including pyruvate, taurine and N-acetylglutamine, can serve as an indicator of response to CL 
treatment [18]. Several studies have investigated Leishmania metabolism during in vitro 
macrophage infection (e.g. [19]), or in amastigotes purified from mouse granulomatous lesions 
[20], but there is still a lack of knowledge of host metabolic responses during in vivo infection. 
Given the relative host vs parasite biomass, the slow replication of Leishmania during in vivo 
infection [20], and the fact that lesion-derived amastigote PC composition significantly differs 
from mouse tissue PC composition [21] whereas most detected metabolites in our study are 
found in both infected and uninfected samples, it is likely that most metabolites identified in 
our study were host-derived, thereby expanding our understanding of host metabolic 
contributions to CL pathogenesis. 

Amongst annotatable metabolites in our study, members of the PC family were most 
affected by infection in both intradermal ear infection and subcutaneous footpad infection 
models. PCs of the m/z range 200-799 and total PCs were significantly higher with infection at 
the site of infection (infected ear center) (Figure 1E-K). PCs were also increased in the infected 
footpad (Tables 3, 4, Figure S2). This increase concurs with prior reports of elevated 
lysophosphatidylcholine (LPC) and PCs in infected macrophages in vitro [22][23]. Concordance 
between infection models supports our approach and translatability of results. 

LPC has immunomodulatory roles that promote parasite growth [24]. PCs elevation may 
also reflect increased membrane turnover during infection and modulate immune responses 
[25]. For example, PC biosynthesis is a critical component of Golgi membrane remodeling 
following TLR4 engagement, and is required for secretion of TNFα and interleukin 6 cytokines 
[26]. TLR4 is required for control of L. major infection [27]. Elevation of PCs is also a marker of 
switch from monocyte to macrophage [28]. Increased PCs may also reflect phagolysosome 
membranes given the intracellular lifestyle of L. major [25], though PC elevation was also 
observed during infection with T. cruzi, which resides in the cytosol [29][30]. 

Miltefosine is a commonly administered oral drug for the treatment of visceral 
leishmaniasis and CL that targets the PC biosynthetic pathway, inhibiting 
phosphatidylethanolamine-N-methyltransferase and activating phospholipase A2 in Leishmania 
[31]. In mammalian cells, miltefosine also decreases phosphatidylethanolamine-N- 
methyltransferase activity, while also decreasing membrane-bound CTP:phosphocholine 
cytidylyltransferase activity, leading to reduced levels of PCs [32]. Thus, it may be expected to 
proceed via host-directed effects in addition to impacts on parasite metabolism [32]. This is 
further supported by recent observations that PC biosynthesis is dispensable in Leishmania 
amastigotes [21].We therefore speculate that miltefosine mechanism of action in CL may thus 
involve re-normalization of infection-induced changes in host PCs and restricting the parasite’s 
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ability to scavenge host PCs. Future studies are thus needed to investigate the mechanism of 
action of miltefosine with respect to host metabolism in CL in vivo. 

Additional annotatable infection-affected metabolites also included the omega-3 fatty 
acid eicosatrienoic acid and glutamine. Glutamine was significantly lower with infection at the 
site of the ear lesion. These findings contrast with metabolomic profiling of L. amazonensis- 
infected macrophages, which showed increased glutamine levels [33]. A recent study in mice 
infected with L. donovani, however, showed heightened glutamine consumption with infection 
and a role of glutamine supplementation in clearing parasite load [34], which concur with our 
findings. Future studies should aim to look at the specific functional role of glutamine 
metabolism in L. major infection. 

The clinical presentations of CL lesions can vary and lesions are capable of self-healing in 
some cases. However, resolving them can take several months to years, leaving a significant 
amount of scarring. In cases of Post-Kala Azar dermal leishmaniasis, patients can continue to 
serve as a reservoir for the parasites after the lesions have long been healed [35]. Our results 
showed significant perturbations in the metabolism of the skin lesions, with the area near the 
skin lesions also being affected in experimental CL. Our study relied on bioluminescence to 
measure parasite burden and as such we cannot ascertain whether parasites were still present 
at low levels in the sites adjacent to the skin lesions. There is therefore still a strong need to 
understand the role of lesion-free tissues in transmission of Leishmania and in disease 
pathogenesis. However, our results are consistent with findings of microbiota dysbiosis in 
lesion-adjacent tissues in humans and in lesion-free cutaneous sites in mice [36] 

This study looked at both ear and footpad infection models, although the effect of 
infection on metabolism was found to be more minor in the footpad. Nevertheless, PC family 
metabolites were increased with infection in both sites, showcasing similarities in pathogenesis 
processes between these two infection models. These similarities are particularly striking given 
differences in pathogenic processes between ear and footpad models, including differences in 
elicited immune response [37][38] and vaccine-mediated protection [39]. 

While this untargeted metabolomics study enabled us to uncover several metabolic 
pathways affected in CL, on average compounds that couldn’t be directly annotated (level 2 
annotations according to metabolites standards initiative [40]) still represent 71.11% of our 
data. Molecular networking did enable us to extend annotations further, so that 64.44% of our 
top 15 most differential metabolite features identified by random forest had at least family- 
level (level 3) annotations [40]. Nevertheless, metabolomics annotation rates are continuously 
improving. Our results have been deposited in a “living data” database [14], where they are 
continuously being re-annotated as reference libraries and computational tools expand. As 
such, they will continue to yield expanding insights into CL pathogenesis and serve as a building 
point for expanded studies of metabolism in CL. Such results will help guide the next generation 
of CL drug treatments. 
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Chapter 4: Materials and Methods 
In vivo experimentation 

Female BALB/c mice (6-8 week-old) were injected intradermally in the left ear with 
1x106 luciferase-expressing L. major strain LV39 promastigotes (n=5) or in the left rear footpad 
with 5x106 luciferase-expressing L. major strain LV39 promastigotes in PBS (n=5) [41]. These 
inocula were selected based on standard inocula for each model (see [42] and [43]). Infected 
and uninfected ear tissue, including the entirety of the lesion area (“infected ear center”) and 
the entirety of the surrounding, macroscopically-healthy surrounding area (“infected ear 
edge”), as well as matched positions from the other, uninfected, ear (“uninfected ear center”, 
“uninfected ear edge”) were collected 8 weeks post-infection and immediately snap-frozen. 
Infected and uninfected footpads were collected 7 weeks post-infection; lesion tissue was 
scraped off above the footpad bones and collected in its entirety, with matched tissue collected 
from the other, uninfected, footpad. The entirety of the tissue was immediately snap-frozen. 
Samples were stored at -80°C until metabolite extraction. Parasites were maintained at 28 °C in 
M199 medium (Sigma) supplemented with 10% fetal bovine serum (Sigma), 1% penicillin- 
streptomycin, RPMI 1640 vitamin mix (1%), HEPES (25 mM), adenosine (100 μM), glutamine (1 
mM), hemin (0.005%), NaHCO3 (12 mM) and folic acid (10 μM) (pH 7.2) [44]. 

 
LC-MS/MS 

Metabolite extraction, liquid chromatography and mass spectrometry were performed 
as previously described [45]. Briefly, metabolites were extracted by homogenization in a 
Tissuelyzer using a 5 mm stainless steel bead (Qiagen) in 50% methanol (aqueous extract) 
followed by 3:1 dichloromethane:methanol (organic extract). LC was performed on an UltiMate 
3000 UHPLC (Thermo Scientific) with Phenomenex UHPLC 1.7 µm 100 Å Kinetex C8 column (50 
X 2.1 mm), and with water and 0.1% formic acid as mobile phase A and acetonitrile and 0.1% 
formic acid as mobile phase B, flow rate of 0.5 mL/min and column temperature of 40°C. LC 
gradient parameters were optimized for each extraction with regards to overall chromatogram 
peak shape (Table 5). Daily MS calibration was performed with ESI-L Low Concentration Tuning 
Mix, which covers m/z 118.086 to 2721.895 (Agilent Technologies). The internal calibrant (lock 
mass) Hexakis(1H,1H,3H-tetrafluoropropoxy)phosphazene (Synquest Laboratories), m/z 
922.009798, was present throughout the run, as previously described [45][46][47]. MS was 
performed in positive mode on a Maxis Impact HD QTOF mass spectrometer (Bruker); 
instrumental parameters are listed in Table 6. MS/MS data for each run was collected by 
fragmentation of the ten most intense ions, in range 80-2,000 m/z, with active exclusion after 4 
spectra and release after 30s. Instrumental performance controls included solvent blanks, 
pooled quality controls for each tissue type and a standard mix of 6 molecules (sulfamethazine, 
sulfadimethoxine, sulfachloropyridazine, coumarin-314, sulfamethizole, amitriptyline). To 
further avoid any confounding from run order, we alternated between samples from infected 
and uninfected animals. 

 
Table 5. LC gradient parameters. 

Ear aqueous extraction 

Start 2% B 
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1 min 2% B 

1.5 min 40% B 

4 min 98% B 

5 min 98% B 

6 min 2% B 

7 min 2% B 

Ear organic extraction 

Start 2% B 

1 min 2% B 

1.5 min 60% B 

5.5 min 98% B 

7.5 min 98% B 

8.5 min 2% B 

10.5 min 2% B 

Footpad aqueous extraction 

Start 2% B 

1 min 2% B 

1.5 min 40% B 

6 min 98% B 

6.5 min 98% B 

7 min 2% B 

Footpad organic extraction 

Start 2% B 

1 min 2% B 

1.5 min 70% B 

7 min 98% B 



21 
 

 

8 min 98% B 

9 min 2% B 
10.5 min 2% B 

 

Table 6. MS parameters 
 

Detection mode Positive 

Nebulizer gas pressure 2 Bar 

Capillary voltage 4,500 V 

Ion source temperature 200°C 

Dry gas flow 9.0 L/min 

Spectra rate acquisition 3 spectra/s 

 
LC-MS/MS Data analysis 
LC-MS/MS data was processed using MZmine 2.37 [48], with parameters as shown in Table 7. 
Table 7. MZmine parameters 

Mass Detection 
MS level 1: Noise level 1.00E+03 
MS level 2: Noise level 10 
Mass detector Centroid 

Chromatogram Builder 
Min time span 0.06 min 
Min peak height 3.00E+03 
m/z tolerance 1e-6 or 10 ppm 

Chromatogram deconvolution 
Algorithm Baseline cutoff 
Min peak height 3.00E+03 
Peak duration range (min) 0.06-2 min (ear), 0.01-7 min 

(footpad) 
Baseline level 1.00E+02 (ear), 1.50E+03 (footpad) 
m/z range for MS2 scan pairing (Da) 0.01 
RT range for MS2 scan pairing (min) 0.2 min 

Isotopic Peaks Grouper 
m/z tolerance 1e-6 or 10 ppm 
Retention time tolerance (absolute: min) 0.05 min 
Monotonic shape Enabled 
Maximum charge 3 
Representative isotope Most intense 
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Join Aligner 
m/z tolerance 1e-6 or 10 ppm 
Weight for m/z 7 
Retention time tolerance (absolute: min) 0.5 min 
Weight for RT 3 

Manual filtering 
Min number of peaks per row 3 
RT range 0.2-10.5 (ear organic and footpad), 0.2-6.9 (ear 

aqueous), 

MS2 required 
Manual validation of peak shape 

Gap-filing 
m/z tolerance 0.000001 or 10 ppm 
RT tolerance 0.5 min 
Intensity tolerance 30% 
RT correction Enabled 

 

Features with peak area within 3-fold of peak area in blanks were removed. 
Normalization to total peak area (Total ion current (TIC) normalization) and data processing was 
performed in Jupyter notebook in R [49]. Principal Coordinate Analysis (PCoA) was done using 
the Bray-Curtis-Faith dissimilarity matrix implemented in QIIME1 [50] and PERMANOVA 
calculations were performed using the R package “vegan” to compare the chemical similarity of 
samples from the four groups of varying condition and position of infection [51,52]. EMPeror 
was used to visualize PCoA plots [53]. randomForest package in R was used to find variables of 
importance associated with infection and sampling conditions, using 7000 trees [13]. Global 
Natural Products Social Molecular Networking platform (GNPS) was used to annotate molecules 
from spectral library references and to perform feature-based molecular networking 
[14][54][55]. The following parameters were used in GNPS: precursor ion mass tolerance of 
0.02 Da, fragment ion mass tolerance of 0.02 Da, minimum cosine score of 0.7 and 4 or more 
matched fragment ions. The maximum shift allowed between two MS/MS spectra was 500 Da, 
10 maximum neighbor nodes allowed and maximum difference between precursor ion mass of 
searched MS/MS spectrum and library spectra was 100 Da. Spectral matches were evaluated by 
considering cosine scores, quality of mirror plots, as well as the number of matched peaks. 
Molecular network visualization was done in Cytoscape 3.7.2 [56]. All members of the PC 
subnetworks were visually inspected and verified to contain the diagnostic MS/MS peaks with 
m/z 184.08 (phosphocholine), m/z 125.00 (2,2-Dihydroxy-1,3,2-dioxaphospholan-2-ium) and 
m/z 86.10 (N,N,N-Trimethylethenaminium) from the phospholipid head group. Putative 
annotations for members of the PC subnetworks that were not available through spectral 
matching in GNPS were obtained using LipidMaps [57]. Notched box plots showing metabolite 
feature abundance for the four different groups (infected/uninfected vs. center/edge) for the 
ear samples and two different groups (infected vs. uninfected) for the footpad samples along 
with non-parametric two-tailed Wilcoxon statistical tests were both performed in R. Boxplot 
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whiskers represent the lowest and largest data points and non-overlapping boxplot notches 
indicate different medians between groups (95% confidence) [58]. 
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Chapter 5: Supplemental information 

Supplementary Materials: 

Figure S1. Mirror plots for differential annotatable metabolites. (A) m/z 746.6052 RT 4.78 min, 
PC O-16:0/18:1. 
(B) m/z 147.0815 RT 0.34 min, Glutamine. 
(C) m/z 792.5574, RT 5.71 min, PC O-16:0/22:6. 
(D) m/z 303.2323, RT 4.1 min, 5,6-Epoxy-8Z,11Z,14Z-eicosatrienoic acid from NIST14. 
(E) m/z 508.3764, RT 4.01 min, PC P-18:0/0:0. 

 
 

 
 

Figure S2 PC subnetworks. (A-D) PC family metabolites in the footpad organic, footpad 
aqueous, ear aqueous and ear organic molecular networks, respectively. Metabolite abundance 
in the presence of infection is shown in red and absence of infection is blue. 
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Table S1. All annotatable PC metabolites for ear organic extraction. 
m/z RT GNPS/LIPID MAPS Cosine 

score 
Number 
of 
shared 
peaks 

PPM 
error 

Mass 
differenc 
e 

468.310 
2 

2.78 PC 14:0/18:0 0.96 11 1 0 

482.361 3.04 PC O-16:0/0:0 0.81 6 2 0 
494.325 
2 

2.86 LPC 16:1 or LPC O- 
16:2;O * 

  2.23  

496.341 2.98 LPC 16:0 0.77 8 0 0.01 
508.340 
5 

2.94 PC P-18:0/0:0 0.91 10 3 0 

508.340 
5 

3.07 LPC 17:1 or LPC O- 
17:2;O * 

  0.27  

508.376 
6 

3.12 PC P-18:0/0:0 0.91 10 3 0 

510.357 
1 

3.11 PC 17:0/0:0 0.93 9 0 0 

510.392 
4 

3.35 LPC O-18:0 0.79 6 2 0 

518.322 
6 

2.98 LPC 18:3 *   2.5  
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518.323 
5 

2.93 LPC 18:3 *   1.16  

520.340 
4 

3 LPC 18:2 or LPC O- 
18:3;O * 

  1.15  

522.284 
4 

3.02 LPC 17:2;O *   66.25  

522.356 
2 

3.05 LPC 18:1 0.96 14 2 0 

524.371 
8 

3.59 LPC 18:0 or LPC O- 
18:1;O * 

  1.34  

526.313 
9 

3.13 LPC 17:0;O *   69.16  

548.371 
8 

3.31 LPC 20:2 or LPC O- 
20:3;O or PC O-20:2 * 

  1.28  

550.387 
5 

3.31 LPC 20:1 0.95 16 0 0 

552.403 
1 

3.56 PC 20:0/0:0 0.91 11 1 0 

568.340 
1 

2.91 LPC 22:6 or PC O-22:6 *     

580.434 
5 

3.93 PC 22:0/0:0 0.94 13 0 0 

594.450 
3 

4.17 LPC 23:0 or LPC O- 
23:1;O or PC O-23:0 * 

  1.68  

608.465 
8 

4.42 LPC 24:0 0.93 13 1 0 

700.572 5.25 LPC O-32:3 *     
706.539 
2 

5.38 PC 14:0/16:0 0.97 8 0 0 

716.523 
9 

5.53 LPC 31:3;O *   1.95  

724.527 
8 

5.71 LPC 33:5 or LPC O- 
33:6;O or PC O-33:5 * 

  2.3  

728.558 
9 

6.4 LPC 33:3 *   0  

730.539 
4 

5.14 PC 16:1/16:1 0.96 12 1 0 

732.554 
7 

5.5 PC 18:1/14:0 0.97 10 0 0 

734.57 6.02 PC 14:0/18:0 0.99 15 0 0 
734.57 8.81 PC 14:0/18:0 0.99 15 0 0 
740.523 
4 

5.4 LPC 33:5;O *   1.22  
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742.539 
9 

5.63 LPC 33:4;O or PC 33:3 or 
PC O-33:4;O * 

  0.31  

744.555 5.61 LPC 33:3;O or PC 33:2 or 
PC O-33:3;O * 

  0.16  

744.584 
8 

5.59 LPC 34:2 or LPC O- 
34:3;O or PC O-34:2 * 

  7.25  

746.57 5.89 PC O-16:0/18:1 0.89 12 1 0 
746.604 
8 

8.81 PC O-16:0/18:1 0.93 12 3 0 

748.527 
9 

5.52 PC O-35:7 *   0.4  

750.543 5.79 PC O-35:6 *   1.75  
752.558 
4 

6.29 PC O-35:5 *   0.66  

754.537 
5 

5.48 LPC 34:5;O or PC 34:4 or 
PC O-34:5;O * 

  0.8  

756.552 
4 

6.01 LPC 34:4;O or PC 34:3 or 
PC O-34:4;O * 

  1.85  

758.569 
6 

5.62 PC 16:0/18:2 0.98 12 3 0 

760.585 
1 

6.15 PC 16:0/18:1 0.99 24 2 0 

760.585 
3 

8.8 PC 16:0/18:1 0.99 24 2 0 

762.598 
6 

8.8 LPC 34:1;O or PC 34:0 or 
PC O-34:1;O * 

  2.75  

762.598 
6 

8.81 LPC 34:1;O 0.85 7 2 0 

764.523 
4 

5.38 PC 35:6 or PC O-35:7;O *   1.18  

766.539 
2 

5.52 PC 35:5 or PC O-35:6;O *   1.44  

766.539 
3 

5.54 PC 35:5 or PC O-35:6;O *   1.57  

766.570 
6 

5.78 PC O-36:5 0.92 9 1 0 

768.580 
7 

5.74 PC O-36:4 *   12.36  

768.584 5.73 PC O-36:4 *   8.07  
768.586 
2 

5.26 PC O-36:4 *   5.2  

770.571 
5 

5.46 PC 35:3 or PC O-35:4;O *   2.73  
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770.601 
9 

5.7 PC O-36:3 *   5.06  

772.528 5.72 PC O-37:9 *   0.52  
772.587 5.91 PC P-18:0/18:1 0.92 9 1 0 
772.620 
4 

8.81 PC O-36:2 *   1.42  

774.544 
1 

5.65 PC O-37:8 *   1.16  

776.558 
9 

6.06 PC O-37:7 *   0  

778.536 
6 

5.24 PC 36:6 0.95 8 0 0 

778.574 6.27 PC O-37:6 *   0.64  
780.553 
2 

5.59 PC 36:5 or PC O-36:6;O *   0.77  

780.553 
4 

5.55 PC 36:5 or PC O-36:6;O *   0.51  

780.553 
5 

5.59 PC 36:5 or PC O-36:6;O *   0.38  

782.568 
4 

8.76 PC 18:2/18:2 0.99 19 2 0 

782.568 
9 

5.52 PC 18:2/18:2 0.99 19 2 0 

784.582 
9 

8.79 Spectral Match to 
Arachidonoylthio-PC 

0.89 6 1 0 

784.583 
1 

5.72 PC 36:3 0.95 10 1 0 

786.600 
8 

6.32 PC 18:0/18:2 0.98 19 4 0 

786.601 
1 

8.8 PC 18:0/18:2 0.98 19 4 0 

788.615 
8 

8.81 PC 18:0/18:1 0.95 7 5 0 

788.616 
5 

4.85 PC 36:1 or PC O-36:2;O *   0.13  

790.542 
4 

5.43 PC 37:7 or PC O-37:8;O *   5.44  

790.567 5.61 PC O-38:7 *   9.49  
792.557 
4 

5.72 PC O-16:0/22:6 0.86 7 8 0.01 

792.567 
6 

5.75 PC O-16:0/22:6 0.87 7 20 0.02 
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792.576 
4 

5.75 PC O-16:0/22:6 0.92 14 9 0.01 

792.582 
4 

5.67 PC O-38:6 0.92 14 9 0.01 

792.585 
8 

5.69 PC O-38:6 0.94 13 3 0 

794.600 
9 

5.88 PC O-38:5 *   6.17  

796.588 5.84 PC 37:4 or PC O-37:5;O *   3.64  
804.551 
6 

5.53 PC 38:7 or PC O-38:8;O *   4.82  

806.568 
2 

5.42 PC 38:6 or PC O-38:7;O *   1.49  

808.582 
7 

5.61 PC 38:5 or PC O-38:6;O *   2.97  

808.582 
9 

8.75 PC 38:5 or PC O-38:6;O *   2.72  

810.598 
6 

8.76 PC 18:0/20:4 0.98 15 0 0 

810.599 
5 

6.12 PC 18:0/20:4 0.98 15 0 0 

816.584 
5 

5.6 PC O-40:8 *   6.98  

828.551 
6 

5.44 PC O-40:10;O or  PC 40:9 
* 

  1.2  

830.567 
1 

5.35 PC 20:4/20:4 0.78 8 3 0 

832.583 
5 

5.48 PC 40:7 or PC O-40:8;O *   0  

834.599 
4 

5.91 PC 40:6 or PC O-40:7;O *   1.56  

 

Table S2. All annotatable PC metabolites for ear aqueous extraction. 
m/ 
z 

RT GNPS/LIPID MAPS Cosine 
score 

Numb 
er of 
shared 
peaks 

PP 
M 
err 
or 

Ma 
ss 
diff 
ere 
nce 

25 0.37 alpha-GPC 0.86 5 8 0 
8.1       
13       
1       
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46 3.28 PC 14:0/18:0 0.98 15 2 0 
8.3       
09       
6       
48 3.5 LPC 15:1 or LPC O-15:2;O *   2.2  
0.3   9 
09    
6    
48 3.53 PC O-16:0/0:0 0.76 10 2 0 
2.3       
61       
2       
49 3.2 LPC 16:3 or LPC O-16:4;O *   1.6  
0.2   3 
93    
6    
49 3.36 LPC 16:1 or LPC O-16:2;O *   2.0  
4.3   2 
25    
1    
49 3.48 LPC 16:0 or LPC O-16:1;O *   2.0  
6.3   2 
40    
8    
50 3.57 PC P-18:0/0:0 0.94 9 3 0 
8.3       
76       
7       
51 3.58 LPC 17:0 0.91 8 0 0 
0.3       
56       
5       
51 3.79 LPC O-18:0 0.79 7 1 0 
0.3       
92       
51 3.34 LPC 18:4 or LPC O-18:5;O *   3.8  
6.3   7 
06    
5    
51 3.48 LPC 18:3 or LPC O-18:4;O *   2.8  
8.3   9 
22    
6    



31 
 

 

52 
0.3 
40 
5 

3.38 LPC 18:2 or LPC O-18:3;O *   1.3 
5 

 

52 
2.3 
56 
1 

3.54 LPC 18:1 0.99 18 0 0 

52 
4.3 
70 
9 

3.7 PC 18:0/0:0 0.96 14 0 0 

53 
6.3 
35 
1 

3 LPC 18:2;O *   0.7 
5 

 

54 
4.3 
39 
9 

3.43 LPC 20:4 or LPC O-20:5;O *   0.1 
8 

 

54 
8.3 
71 
6 

3.61 LPC 20:2 or LPC O-20:3;O *   0.9 
1 

 

55 
0.3 
87 
1 

3.77 LPC 20:1 0.87 13 0 0 

56 
0.3 
34 
6 

3.13 LPC 20:4;O or PC 20:3 or PC O-20:4;O *   0.1 
8 

 

56 
8.3 
40 
2 

3.41 LPC 22:6 or PC O-22:6 *   0.7  

57 
0.3 
54 
5 

3.5 LPC 22:5 or LPC O-22:6;O or PC O-22:5 *   1.5 
8 

 

57 
2.3 

3.59 LPC 22:4 or LPC O-22:5;O or PC O-22:4 *   0  
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71 
1 

      

60 
8.4 
65 
5 

4.44 LPC 24:0 0.92 12 0 0 

71 
8.5 
75 
2 

6.13 LPC 32:1 or LPC O-32:2;O or PC O-32:1 *   0.9 
7 

 

72 
0.5 
88 
7 

4.7 LPC 32:0 or LPC O-32:1;O or PC O-32:0 *   2.0 
8 

 

74 
4.5 
90 
6 

4.48 LPC 34:2 or LPC O-34:3;O or PC O-34:2 *   0.5 
4 

 

74 
4.5 
90 
6 

6.16 LPC 34:2 or LPC O-34:3;O or PC O-34:2 *   0.5 
4 

 

74 
6.6 
05 
2 

4.78 PC O-16:0/18:1 0.96 14 4  

76 
0.5 
85 
2 

4.6 PC 16:0/18:1 0.98 13 2 0 

77 
0.6 
05 

4.58 PC O-36:3 *   1.0 
4 

 

77 
2.6 
20 
1 

4.7 PC O-36:2 *   1.8 
1 

 

78 
6.6 
00 
7 

4.65 PC 18:0/18:2 0.97 16 4 0 

79 
4.6 

4.42 PC 20:3/18:1 0.82 5 0 0 
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05 
1 

      

79 
4.6 
05 
2 

6.13 PC 20:3/18:1 0.76 5 0 0 

79 
6.6 
20 
5 

4.91 PC O-38:4 *   1.2 
6 

 

 

Table S3. All annotatable PC metabolites for footpad organic extraction. 
m/ 
z 

R 
T 

GNPS/LIPID MAPS Cos 
ine 
sco 
re 

Number 
of 
shared 
peaks 

PP 
M 
erro 
r 

Mass 
diffe 
renc 
e 

258 
.11 
22 

0. 
3 

alpha-GPC 0.8 
5 

5 4 0 

468 
.30 
97 

2. 
6 
1 

LPC 14:0 0.9 
6 

13 2 0 

496 
.34 

2. 
7 

LPC 16:0 *   2.42  

1 7   

510 
.35 
62 

2. 
8 
4 

PC 17:0/0:0 0.9 
4 

12 1 0 

518 
.32 
48 

2. 
7 

LPC 18:3 *   1.35  

520 2. LPC 18:2   1.92  
.34 7   
08 2   

522 
.35 
62 

2. 
7 
9 

LPC 18:1 0.9 
9 

19 0 0 

524 
.37 
22 

2. 
9 
6 

PC 18:0/0:0 0.9 
7 

14 2 0 

544 
.34 
06 

2. 
7 

LPC 20:4 *   1.47  
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546 2. LPC 20:3 *   0.18  
.35 7   
55 7   
548 2. LPC 20:2 *   2.01  
.37 8   
22 3   

550 
.38 

3. 
0 

LPC 20:1 0.9 
6 

14 0 0 

74 4      
552 
.40 
35 

3. 
2 
4 

LPC 20:0 0.9 
5 

13 0 0 

568 
.34 
09 

2. 
7 

LPC 22:6 *   1.94  

570 2. LPC 22:5 or LPC O-22:6;O or PC O-22:5 *   0.35  
.35 7   
56 8   
572 2. LPC 22:4 or LPC O-22:5;O or PC O-22:4 *   0.52  
.37 8   
08 3   
580 
.43 
46 

3. 
5 
8 

PC 22:0/0:0 0.9 
7 

14 0 0 

580 
.43 
47 

3. 
5 
8 

LPC 22:0 0.9 
7 

14 0 0 

608 
.46 
57 

4. 
0 
5 

PC 24:0/0:0 0.9 
6 

14 1 0 

608 
.46 
57 

4. 
0 
5 

Lyso PC 24:0 0.9 
6 

14 1 0 

700 5. LPC 31:3 *   1.14  
.52 8   
84 1   
706 
.53 
9 

5. 
3 

PC 14:0/16:0 0.9 
9 

8 0 0 

714 5 LPC 31:4;O or PC 31:3 or PC O-31:4;O *   0.98  
.50    
75    
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718 
.53 
92 

6. 
0 
2 

LPC 31:2;O or PC 31:1 or PC O-31:2;O *   1.53  

718 5. LPC 32:1 *   0.28  
.57 8   
43 9   

720 
.55 

5. 
6 

LPC 31:1;O *   1.25  

47 5   
728 6. LPC 33:3 *   0.82  
.55 4   
95 6   
730 
.53 
89 

4. 
9 
8 

PC 16:1/16:1 0.9 
9 

16 1 0 

730 7. LPC 33:2 pr LPC O-33:3;O or PC O-33:2 *   0.41  
.57 1   
48 3   

732 
.55 
46 

5. 
4 
8 

PC 14:0/18:1 0.9 
7 

12 0 0 

734 
.57 
03 

6. 
0 
4 

PC 14:0/18:0 0.9 
7 

11 0 0 

738 4. LPC 33:6;O or PC 33:5 or PC O-33:6;O *   0.54  
.50 9   
72 7   
740 5. LPC 33:5;O *   0.81  
.52 3   
31 7   
740 5. LPC 33:5;O or PC 33:4 or PC O-33:5;O *   1.08  
.52 1   
33 4   
742 5. LPC 33:4;O or PC 33:3 or PC O-33:4;O *   0.94  
.53 6   
88 4   
744 6. LPC 33:3;O *   1.75  
.55 1   
51 7   
744 6. LPC 34:2 or LPC O-34:3;O or PC O-34:2 *   1.48  
.58 0   
91 1   
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746 
.57 
02 

5. 
8 
9 

PC O-16:0/18:1 0.9 
2 

8 5 0 

746 
.60 
26 

6. 
7 
9 

PC O-16:0/18:1 0.9 
5 

18 0 0 

750 
.54 

5. 
8 

PC O-35:6 *   0.4  

35 8   
752 6. PC O-35:5 *   0  
.55 3   
89 9   
756 6. LPC 34:4;O or PC 34:3 or PC O-34:4;O *   1.06  
.55 0   
3 5   
758 
.57 
02 

5. 
5 
9 

16:0-18:2 PC 0.9 
2 

12 2 0 

760 
.58 
56 

6. 
1 
7 

PC 18:1/16:0 0.9 
9 

18 4 0 

762 7. LPC 34:1;O *   2.1  
.59 0   
91 4   

762 
.59 
97 

7. 
1 

PC 34:0 *   1.31  

766 
.57 
44 

5. 
8 
2 

PC O-36:5 0.9 
6 

15 3 0 

768 
.55 
59 

6. 
1 

PC 35:4 *   2.73  

768 5. PC O-36:4 *   2.21  
.58 8   
85 9   
772 5. PC O-37:9 *   1.04  
.52 2   
84 5   

772 
.58 
58 

5. 
9 
6 

PC P-18:0/18:1 0.9 
5 

8 0 0 
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774 5. PC O-37:8 *   0.52  
.54 6   
36 6   
776 6. PC O-37:7 *   0.64  
.55 2   
94 1   

776 
.56 

6. 
1 

PC O-37:7 *   1.42  

 1   

778 
.53 
88 

4. 
7 
8 

PC 18:3/18:3 0.9 
5 

8 3 0 

778 6. PC O-37:6 *   0.51  
.57 3   
41 3   
780 5. PC 36:5/PC O-36:6;O *   1.41  
.55 6   
27 2   

782 
.56 
97 

5. 
4 
9 

PC 16:0/18:1 0.9 
8 

20 0 0 

784 
.58 
45 

5. 
7 
7 

Arachidonoylthio-PC 0.9 
4 

8 0 0 

786 
.60 
14 

6. 
3 
5 

PC 18:0/18:2 0.9 
8 

23 0 0 

788 
.61 
65 

7. 
1 
6 

PC 18:0/18:1 0.9 
5 

7 5 0 

790 5. PC O-38:7 *   5.82  
.56 5   
99 9   
792 
.55 
37 

5. 
3 

PC O-16:0/22:6 0.9 
1 

7 3 0 

792 
.55 
62 

5. 
9 
2 

PC O-16:0/22:6 0.9 
1 

7 3 0 

792 
.58 
79 

5. 
7 
2 

PC O-16:0/22:6 0.9 
7 

16 2 0 
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794 5. PC O-38:5 *   2.9  
.60 9   
35 7   
796 5. PC 37:4 *   1.26  
.58 8   
61 8   

796 
.59 

6. 
6 

PC 37:4 *   7.78  

13 1   
796 6. PC O-38:4 *   4.14  
.61 5   
82 9   
800 6. PC 37:2 or PC O-37:3;O *   1.75  
.61 8   
78 5   
804 5. PC 38:7 *   0.5  
.55 1   
34 3   
804 4. PC 38:7 *   0.37  
.55 9   
41 4   
808 5. PC 38:5 *   4.08  
.58 4   
18 1   

810 
.60 
09 

6. 
2 
4 

PC 18:0/20:4 0.9 
9 

14 2 0 

812 
.61 
33 

6. 
3 

PC 38:3 *   3.82  

814 7. PC 38:2/PC O-38:3;O *   0.86  
.63 4   
27 8   

830 
.56 
98 

5. 
0 
7 

PC 20:4 0.9 
1 

17 6 0.01 

832 
.58 
53 

5. 
5 

PC 40:7 *   0.24  

 

Table S4. All annotatable PC metabolites for footpad aqueous extraction. 
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m/z RT GNPS/LIPID MAPS Cosin 
e 
score 

Number of 
shared 
peaks 

PPM 
error 

Mass 
diffe 
renc 
e 

440. 
2777 

3.21 LPC 12:0 0.9 5 0 0 

468. 
3088 

3.4 LPC 14:0 0.97 15 4 0 

494. 
3244 

3.64 LPC 16:1 or LPC O-16:2;O *   0.61  

496. 
3401 

3.82 LPC 16:0 0.86 9 22 0.01 

508. 
3764 

4.01 PC P-18:0/0:0 0.91 10 2 0 

510. 
3562 

4.03 LPC 17:0 0.92 9 1 0 

516. 
308 

3.46 LPC 18:4 or LPC O-18:5;O *   0.97  

518. 
3243 

3.52 LPC 18:3 or LPC O-18:4;O *   0.39  

520. 
3399 

3.68 LPC 18:2 or LPC O-18:3;O *   0.19  

522. 
3556 

3.92 LPC 18:1 or LPC O-18:2;O *   0.38  

524. 
3709 

4.18 LPC 18:0 0.97 15 0 0 

544. 
3397 

3.72 LPC 20:4 or LPC O-20:5;O or PC O-20:4 *   0.18  

544. 
3401 

3.67 LPC 20:4 or LPC O-20:5;O or PC O-20:4 *   0.55  

568. 
3399 

3.67 LPC 22:6 or PC O-22:6 *   0.18  

570. 
3539 

3.83 LPC 22:5 or LPC O-22:6;O or PC O-22:5 *   2.63  

572. 
3708 

3.95 LPC 22:4 or LPC O-22:5;O or PC O-22:4 *   0.52  

580. 
3613 

3.98 PC 20:1;O *   0.69  

594. 
3766 

4.1 PC 21:1;O *   0.17  
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