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Overview Results and Discussion

O Localize ether lipids in peroxisomal disorder brain tissue via matrix-assisted laser Motivation-
desorption/ionization (MALDI) imaging mass spectrometry (IMS) )

B _ ; _ N o _ Previously, we utilized LC-MS with 213 nm UVPD to identify and relatively quantify ether lipids in isolated regions of The LC-MS workflow was developed to identify conventional and ether PE and PC lipids with an untargeted search o - o
Q Uilize trapped ion mobility spectrometry (TIMS) to gain collisional-cross section information peroxisomal disorder mouse brain.4 In the cerebellum and cortex of both control and Pex7 model mice, a total of 17 followed by a separate run with UVPD for an in-depth, targeted characterization of ether lipids. While this method Table 1: List of PE plasmalogens identified by LC-MS/193 nm UVPD and collision
for ether lipids that are under-characterized in the field phosphatidylethanolamine (PE) plasmalogens were identified (Figure 1). The relative quantitation results confirmed worked well for ether lipids, IMS unveiled the dysregulation of non-ether lipids more rapidly. Figure 3 compiles the ion cross sections (CCS) determined by TIMS.
the expected downregulation of PE plasmalogens in the Pex7 model. We aim to use these findings to guide our images of six lipids, identified with MetaboScape, that have differential distributions in the control and Pex7 tissue.
- analysis of the control and Pex7 mouse brain when employing our MALDI-TIMS IMS workflow. These imaging results align with previous reports that PE 16:0/20:4 (m/z 738.50) was highly abundant in the cortex of ]
Introduction the Pex7 model.4 Further, other lipids, such as PI(38:4), that were not the focus of the LC-MS analysis were found to Theoretical m/z Lipid ID by LC-MS | RT (min) CCs (A?)
A) Cerebellum B) Cortex be dysregulated between these two tissue types. Future work aims to expand the untargeted LC-MS/MS workflow to [M-H] / [M+H]* N=3
Rhizomelic chondrodysplasia punctata (RCDP) is a rare peroxisomal disorder that is characterized 120 140 identify a wide range of lipids that may impact the disease state and are currently being overlooked.
by a severe deficiency of vinyl ether glycerophospholipids?, also known as plasmalogens, which A T S3 PE(P-18:2/20:4) 22.21
play a critical role in myelin development and function. Previous reports show that myelination is S Il u Control W Pex7 g 120 Bl (llE? Control Pex7 Control  Pex7 Control Pex7 746.51 / 748.53 PE(P-18:1/20:5) 23.06 2757 + 0.6
abnormal in RCDP patients and is correlated to plasmalogen dysregulation.? In this study, a RCDP S g [ e S 100 PE(P-16:0/22:6) 23 98
mouse model was created by mutating the gene that encodes for the peroxisomal protein § § 80 ; ’ i
transporter, Pex7; thus, preventing the transfer of alkyl-dihydroxyacetonephosphate synthase é 60 f‘;’ 722 51/ 724.53 PE(P-16:0/20:4) 24 .85 2717 +06
(AGPS), a key enzyme in the plasmalogen biosynthesis pathway, into the peroxisome (Scheme = a0 5 %0 ' ' ' ’ ' R
1).3 We previously cor_nb_ined liquid chromatography-mass sfpectrometr_y_ (LC_-MS) with 213 nm é % 40 ’ 748.53 | 750.55 PE(P-18:1/20:4) 25 50 2761+ 06
ultraviolet photodissociation (UVPD) to identify and quantify ether lipids in the cerebellum, SO0 1T1LLLU o e = o9 o | b o 575
hippocampus, and cortex of this mouse model.# We aim to enhance our understanding of the g o LLLLLL O . io L O i E JLLLLL |9 | | SLL o s PE(P-18:1/20:3) 27.53
spatial distribution of ether lipids within the brain tissue of RCDP-afflicted mice using matrix- S DB O SRR '\ AT b\ ,\\ N - DD A RRARD & DDA D NN 750.54 / 752.56 PE(P-16:0/22:4 28 67 2779+ 06
assisted laser desorption/ionization (MALDI) imaging mass spectrometry (IMS). Additionally, we = %Q\W:cb Q\WW&K\‘&.\\'\ A0 \“; S \Q\WW\\‘PZ\\W%\W &Z& 4 %Q\'tb Q\'»Z,\\'»:,\\'E,\\'\ZQ\WQQ\'» '\\i;\'; ,\\2,\\';@1,»\'»:0\10\'\‘*’ ' ' F’EE P 8: 0/ 0: 4; 30' 1 i
will utilize trapped ion mobility spectrometry (TIMS) to determine the collisional-cross sections PR '* N R R R R R R e e 1@ R '\ Netet e e '\‘° Nt e e : " : * : B : .
(CCS) for plasrr)r?alogens that atr}'/e cFl)JrrentIy unﬁe&-char;cterized by ion mobility Q(" ("\ ("\ ("\ ("\ ("\ Q’\ @\ ("\ ("\ Q’\ Q’\ Q’\ “’\ & Q‘" Q’\ ("\ ("’\ Q’\ Q’\ & @\Q“’\QQ’ ("\ ("\ ("\ ("\ Q’\ < PA 3804 = miz 723'490“"% o PA 4006 = miz 747'49& b PHSBA) — miz 88554
' 774.54 ] 776.56 PE(P-18:0/22:6) 29.05 281.7 £ 0.6
Peroxisome End(?plasmic Figure 1: Normalized peak areas of identified ether lipids categorized by control and Pex7 mutation. Statistical PE(P-16:0/18:1)
reticulum significance is denoted by p < 0.01 (**) and p < 0.05 (**). Circles in blue, black, and red represent normalized 700.53/702.54 29.18 2689+ 0.7
X ? o c onal abundances below LOQ, below LOD, and not detected, respectively. Adapted from Blevins, M.S.; Shields, S.W.J. PE(P-18:1/16:0)
o"R R0 0-P-on| > - Conventional — Anal. Chem. 2022 94 (37), 12621-12629
l —— o HOH O Glycerophospholipids PE(P-18:1/18:1) 29.80
_FAR1 o e | Tetew _ 726.54 /72856 | PE(P-18:0/18:2) | 3077 | 273.2+06
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Long <hain J Imaging: PE(P-16:0/20:2) 30.77
d dicono
oﬂ?{ﬂ MALDI-TIMS IMS was performed on control and Pex7 brain tissue, revealing the distribution of 9 PE plasmalogens PE(40:4) — m/z 794.57 § %, PE(36:4) — m/z 738.50 n, PE(36:2) - m/z 742.53 , "= 7% PE(P-18:0/22:4) 34.45
E" contrasted against lipids with opposing localization (Figure 2). Plasmalogens are absent in the Pex7 tissue, but 778.57 / 780.59 : : : 283.8+0.6
1-0-Alkyl-G3P insight into the spatial distribution of these lipids in healthy tissue can be discerned. For example, m/z 722.51, _ N _ o . o PE(P-20:0/20:4) 36.16
Alkyl-DHAP o N identified as PE(P-16:0/20:4) via LC-MS/MS analysis of the cortex, is the most abundant in the frontal lobe. LC-MS Figure 3: lon mobility selected images (50 um) for non-ether lipids that are dysregulated in Pex7 model. Lipids were _ _
v o syoton > [ > Ether lipids with 213 nm UVPD analysis identified PE(P-18:2/20:4) and PE(P-16:0/22:6) (m/z 746.51) in the cerebellum; however, identified via MetaboScape with less than a 10 ppm mass error. 79856 / 73058 | T E(P-16:0/20:1) 34.61 5754+ 0.7
the cerebellum contains both grey and white matter that serve critical, but different roles in the tissue. IMS localized PE(P-18:0/18:1) 35.04
_ : : : : these isomers (m/z 746.54) to the cerebellum’s grey matter, providing further insight into their role in the brain. o _ _ _
Scheme 1. Plasmalogen biosynthesis pathway where Pex7, a peroxisomal protein transporter By combining LC-MS with 193 nm UVPD and TIMS analysis, PE plasmalogens can be comprehensively PE(P-18:1/20:1) 35 37
responsible for the transfer of AGPS into the peroxisome, is disrupted. Control  Pex7 Control  Pex7 Control  Pex7 characterized (Figure 4). TIMS was utilized to establish the CCS values for underreported lipids (Figure 4A). The 754.58 1 756.59 PE(P-18:0/20:2) 36.16 2799108
LC-MS with 193 nm UVPD method not only determines the lipids retention time, but can also resolve the lipids ' i '

identity down to the double bond position (Figure 4B & 4C). This data analysis workflow was performed for all PE

plasmalogens identified by the LC-MS with 193 nm UVPD method and are presented in Table 1.
onclusion

A) EIM (-): m/z 774.5405%0.005 C) 193 nm UVPD: m/z 776.54 (+)

Brain samples from Pex7ni"l and Pex7 Wil mice, provided by the Research Institute of McGil 508 83% 5 0 Localized 9 PE plasmalogens to gain insight into the role they play in the mouse
U_nlver3|ty Health Centre, were c_ryo-sectloned qt a 12 um thickness, thaw-r_nounted onto glass X106 e e e e e ] X brain tissue of the peroxisomal disorder, RCDP

slides, and washed three times with cold ammonium formate (50 mM). The slides were heated to 61CCS: 281.8 A2 oMy ot O N ' _ _ o .

50°C and coated with 10 mg/mL 1,5-diaminonaphthalene (DAN) in 70% acetonitrile using a HTX N M T M T O H IHO 3 Q Leveraged the information provided from combining LC-MS with 193 nm UVPD

M5 sprayer. All experiments were performed in negative mode using a Bruker timsTOF fleX mass PE(0-36:5) — m/z 722,51 % -1 >4 10 9 3 7 5 5 7 3 > 1 O_448 and MALDI-TIMS IMS to comprehensively characterize PE plasmalogens
spectrometer. Tissue imaging data was acquired at 50 ym resolution with 200 shots per pixel. - & o B a0t @ 466 O Determined CCS values for underreported ether lipids with TIMS analysis
TIMS mode was used to obtain CCS (A2) values for the ether lipids (Scheme 2). 2, 100- N x25 .
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TIMS analysis for CCS determination, B) LC-MS chromatography for retention time information, and C) 193 nm
Figure 2: lon mobility selected images (50 um) for ether lipids identified via LC-MS/MS analysis with 10 ppm mass UVPD (8 pulses, 2.5 mJ/pulse) for structural identification. Double bond region is highlighted with a pink dashed
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