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Liquid chromatography—Mass spectrometry (LC-MS) provides one of the most popular platforms for lipidomic analysis. Comparative studies of the complex lipid mixtures found e — _ |” - Sl — . Meascore 1 nmmmmmAmam_n os = il Mass Spectrum: miz versus Intensity “ ' - e Mass Spectrum: miz versus Intensity
in cells and tissues could potentially reveal lipid biomarkers. We have developed a lipidomics analysis method — LC coupled with high resolution Orbitrap Velos Pro MS e | '
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instrument methods; lipid identification using database search of MS/MS data from both the positive, and negative modes; and multivariate statistical analysis - to identify the T

significant lipid species that are responsible for classifying multiple biological groups of malaria samples. Commercially available software tools namely, SimLipid, and ) : i —

LipidSearch were used for lipid identification using MS/MS data, and SIMCA-P software tools were used for downstream data analysis that includes multivariate statistical e ——— — o
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Lipids were extracted from Plasmodium berghei wild type strains or hemolysin 11l knockout ANKA (PbHIylll KO) isolate using Folch method. Two independent
experiments using different KO isolates were performed with 3 biological replicates per wild type or KO strain each resulting in total of 12 samples.

Figure 2: Typical GUIs of LipidSearch software showing LC-MS peak detection, and search parameters. e oo D ] Deta(Da) _remt| piote | ot | _veo || | _mest | e
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| e | - resaia e s TS MS2 G0 MoHE 00018 with fragment ions of the identified lipid species CL(18:2/18:2/18:2/18:2). The with fragment ions of the identified lipid species PI(18:0/22:6). The zoom in
LC-MS: LC-MS analysis was carried out on Accela 1250 quaternary pump with Accela Open autosampler on-line coupled to an LTQ Orbitrap Velos Pro Hybrid MS (Thermo ' — ' zoom in spectrum has been manually inserted for clear visualization of the spectrum has been manually inserted for clear visualization of the fragment

Fisher Scientific, USA). Plasmodium lipid extracts were separated on an Accucore C18 2.1x150 mm 2.6 um column using 30 min gradient (Hu et al., 2008) RESULTS AND DISCUSSION Figure 3(A). Typical GUIs of SL software showing the MS/MS spectrum annotated with fragment  Figure 3(B): Typical GUIs of LS software showing the fragment ions. ions. LS software did not identify any Pl lipids in negative mode data.
’ ' ' ' K ' ions of the identified lipid species PC(16:0/18:2). The zoom in spectrum has been manually MS/MS spectrum annotated with fragment ions of the

inserted for clear visualization of the fragment ions. identified lipid species PC(16:0/18:2).

Data Analysis: Lipid profiling: SimLipid v. 6.00 (PREMIER Biosoft, USA), and LipidSearch v. 4.1.30 (Thermo Scientific, USA) software. The following numbers of unique lipids were identified by SL/LS database searches from the samples:
Statistical analysis: SIMCA-P software. STATISTICAL ANALYSIS

OVERVIEW OF THE DATA ANALYSIS
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The lipidomics analysis constitutes the following steps: (1) raw data processing, (2) lipid identification using MS/MS data, and (3) statistical analysis. The statistical analysis was
performed on the following experimental design: group 1: KO1+KO2 vs group 2: WT1+WT2. Multivariate techniques namely, Principal Component Analysis (PCA), and Partial
Least Square-Discriminant Analysis (PLS-DA) were also conducted to identify the lipid species that significantly contributed in classifying the groups.

. C8H11(107.085472)

ggmgﬂij" ?ééfg This is an important step to ensure that we get correct and reliable results from the statistical analyses that we may subject our data to further hypothesis testing. For a biological

CO9H17(125.132568) group, the exported peak area of every IDed lipid was normalized with respect to the sum of peak areas of all the identified IDed lipids from all the technical replicates of the

S lon ?ﬂ 3?1;33%31 biological group. This data normalization is done to fulfil the assumption that if a lipid is identified, its abundance is observed consistently throughout the technical replicates.

C11H17(149.132614)
C11H19(151.14827)

Ciznt QHEQ Te2721 ; The normalized data was subjected into the following multivariate statistical techniques namely, Principal component analysis (PCA), Partial least squares Discriminant Analysis

M G(16:0)-OH(313.273987) (PLS-DA), Orthogonal Projections to Latent Structures Discriminant Analysis (OPLS-DA). From every technique, we display the (a) Score plot: showing the classification of the

NE s soatey biological groups while their corresponding (b) Correlation loadings plot: showing the lipid species responsible for classification of the biological groups.

Table 5: Table showing the characteristic ions based on which SL, and LS identify
the lipid species using MS/MS data.
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The raw data were processed for peak detection, peak picking, and molecular feature finding with the two software tools — SimLipid (SL), and LipidSearch (LS)-using their

respective parameter settings. The outputted peak lists were then subjected to their respective MS/MS database searches with a 5 ppm error tolerance for both the precursor,
and product ions. Stringent filter criteria were applied in SL software to remove false positives in the results. For LS, all the identified lipids with Grades A-D were considered. Ceramides
Figure 1 (A) shows typical graphical user interfaces of SL software with optimized parameter settings for peak detection from LC-MS data generated by LTQ Orbitrap Pro Velos
system. The MS/MS database search parameters shown in Figure 1(B) were used for lipid identification by SL software. Figure 2 shows some of the parameters of the LS P
software.
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The ions a-j reported by LS software could be noise signals.
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Fiqure 1(A): Typical GUIs of SimLipid software showing the LC-MS data processing parameters for LTQ Orbitrap Velos Pro Hybrid MS. Table 3 shows the parent molecular ions of the lipid species belonging to the top 11 lipid classes from which maximum number of lipids were identified by SL, and LS from the CL(20:4/16:0/18:0/20:4), (7) CL(20:4/16:0/20:3/20:4), and (8) CL(22:6/16:0/16:0/20:4). | Lipid (Short Name) CL (72:8) CL (72:8)
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tools. 1. We have developed a lipidomics analysis method —LC coupled with high resolution Thermo’s Orbitrap Velos Pro MS instrument methods; lipid identification using database
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LS software miss assigned the compound with CL(20:4/16:0/16:0/20:4) with the following annotations: 2. SimLipid software identified 689 unique lipid species across the 12 samples while LipidSearch identified 562. The number of unique lipids identified by LS software further
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e ety s o otk Sy et ety s o ot ot Sy | H20(486.2975), M-16:0(504.3083), M- M-H3(742.537385), D M-CH3 M-CH?3 M-CH3 SL identified 32 lipid species belonging to the lipid main class phosphoinositol(Pl), 29 out of the identified lipid species from the negative data. However, no Pl lipid was REFERENCES

e i e L A ] S d by LS software. From the positive mode data, LS reported 1 P! lipid species. Figure 6 shows the annotated MSIMS spectrum of the lipid species PI(18:0/22:6) b
Table 4(A): Table showing the characteristic ions based on which SL, Table 4(B): Description of the characteristic ions of the lipid PC(16:0/18:2). reported by Ls software. From the positive mode data, Lo reporte Ipid species. Figure 6 shows the annotate Spectrum o ine ipid Species ( ' ) y

Figure 1(B): Typical GUIs of SimLipid software showing the MS/MS database search parameters for structural identification of lipids using product ions data. and LS identify the lipid species using MS/MS data. SL software. 1. Hu, C. etal. (2008) Proteome Res. 7. 4982-4991.
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