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Materials and methods 

Reagents 

Reverse-osmosed ultrapure water, used to prepare all the aqueous solutions, was obtained from a Milli-Qplus185 

system (Millipore, Billerica, MA, USA). LC-MS grade methanol (MeOH), acetonitrile (ACN), and isopropanol (IPA) 

were obtained from Fisher Scientific (Pennsylvania, United States). methyl tert-butyl ether (MTBE) (HPLC grade, 

≥99.8%), chloroform (CHCl3) (HPLC grade, ≥99.9%) ammonium fluoride (NH4F) (ACS reagent, ≥98%), and palmitic 

acid-d31 were purchased from Sigma-Aldrich (Steinheim, Germany). Analytical grade ammonia solution (28%, GPR 

RECTAPUR®), and acetic acid glacial (AnalaR® NORMAPUR®) were obtained from VWR Chemicals (Pennsylvania, 

United States). LightSPLASH® LIPIDOMIX® Quantitative Mass Spec Primary Standard, and sphinganine (d17:0) pri-

mary standard were obtained from Avanti Polar Lipids, Inc. (USA).  

 

Liquid Chromatography Mass Spectrometry Analysis 

 The analysis of plasma extracts was performed as previously described[28]. For the analysis of the lipidomic pro-

file, an Agilent 1290 Infinity II UHPLC system coupled to an Agilent 6546 quadrupole time-of-flight (QTOF) mass spec-

trometer was used. An Agilent InfinityLab Poroshell 120 EC-C18 (3.0 × 100 mm, 2.7 µm) (Agilent Technologies) column 

with a compatible guard column (Agilent InfinityLab Poroshell 120 EC-C18, 3.0 × 5 mm, 2.7 µm) thermostated at 50°C 

was used for the analysis. The autosampler injected a volume of 1 µL of each sample, which was maintained at 15°C to 

preserve compounds in a stable environment and avoid lipid precipitation. 

The solvent system consisted of solvent (A) 10 mM ammonium acetate, 0.2 mM ammonium fluoride in 9:1 wa-

ter/methanol and (B) 10 mM ammonium acetate, 0.2 mM ammonium fluoride in 2:3:5 acetonitrile/methanol/isopropa-

nol. The chromatography gradient started at 70% of B at 0 – 1 min, 86% at 3.5 – 10 min, 100% B at 11-17 min. The starting 

conditions were recovered by minute 17, followed by a 2 min re-equilibration time; the total running time was 19 min. 

The flow rate was held constant, set at 0.6 mL/min. The multi-wash strategy consisted of a mixture of methanol:isopro-

panol (50:50, v/v) with the wash time set at 15 s, and aqueous phase: organic phase (30:70, v/v) mixture to assist in the 

starting conditions.  

The Agilent 6546 QTOF mass spectrometer equipped with a dual AJS ESI ion source was set with the following 

parameters: 150 V fragmentor, 65 V skimmer, 3500 V capillary voltage, 750 V octopole radio frequency voltage, 10 L/min 

nebulizer gas flow, 200°C gas temperature, 50 psi nebulizer gas pressure, 12 L/min sheath gas flow, and 300°C sheath 

gas temperature. Data were collected in positive and negative ESI modes in separate runs, operated in full scan mode 

from 100 to 1700 m/z with a scan rate of 3 spectra/s. A solution consisting of two reference mass compounds were used 

throughout the whole analysis: purine (C5H4N4) at m/z 121.0509 for the positive and m/z 119.0363 for the negative ioni-

zation modes; and HP-0921 (C18H18O6N3P3F24) at m/z 922.0098 for the positive and m/z 980.0163 (HP-0921 + acetate) for 

the negative ionization modes. These masses were continuously infused into the system to provide a constant mass 

correction.  



Ten Iterative-MS/MS runs were performed using a QC sample for both ion modes at the end of the analytical run. 

They were operated with an MS and MS/MS scan rates of 3 spectra/s, 40-1700 m/z mass window, a narrow (~ 1.3 amu) 

MS/MS isolation width, 3 precursors per cycle, and 5000 counts and 0.001% of MS/MS threshold. Five iterative-MS/MS 

runs were set with a collision energy of 20 eV, and the subsequent five runs were performed at 40 eV. References masses 

and contaminants detected in blank samples were excluded from the analysis to avoid inclusion in the iterative-

MS/MS[28]. 

Lipid Annotation  

Correctly annotating the lipid species and additional compounds detected by LC-MS is crucial to provide a proper 

biological explanation for the results obtained. The annotation workflow consisted of three steps: initial tentative iden-

tification of lipid features, based on the MS1 data, using our online tool CEU Mass Mediator (CMM) 

(http://ceumass.eps.uspceu.es/mediator/) [30,31]. This tool for mass-based compound annotation comprises the infor-

mation available in different databases (KEGG, HMDB, LIPID MAPS, METLIN, MINE, and an in-house library). This 

stage started with the tentative assignment based on (i) accurate mass (maximum mass error tolerance 10 ppm); (ii) 

retention time (RT); (iii) isotopic pattern distribution; (iv) possibility of cation and anion formation; and (v) adduct 

formation pattern. 

Secondly, the raw LC-MS/MS data obtained was imported into the Lipid Annotator software (Agilent Technologies 

Inc., Santa Clara, CA, USA) to increase the level of confidence annotation. The software builds a fragmentation-based 

(MS/MS) library comprising the m/z of all the precursors identified as lipids by the software, together with their corre-

sponding RT. The Lipid Annotator method [56] was set as follows: ion species [M+H]+, [M+Na]+, and [M+NH4]+ for 

positive; and [M-H]-, and [M+CH3COOH-H]- for negative ionization mode. Then, for both ion modes, the Q-Score was 

set at ≥ 50; all the lipid classes were selected, mass deviation was established as ≤ 20 ppm, fragment score threshold was 

fixed as ≥ 30, and total score was set at ≥ 60.  

Finally, a manual MS/MS spectral interpretation was carried out using the software Agilent MassHunter Qualitative 

(version 10.0), comparing the retention time and MS/MS fragmentation to the available spectral data included in 

METLIN [32], MS-DIAL[33], and LIPID MAPS [34]. The software ChemSketch MS Fragmenter (ACD/Laboratories, 

v.2015.2.5) was also employed for product ion and fragment structure prediction. The MS/MS analysis of both IS and 

the LightSPLASH® Lipidomix® standard mixture also provided higher confidence level annotations for the lipid clas-

ses included in the mixture. 

 

Quantification and Semi-quantification 

One of the most significant challenges when performing a non-targeted lipidomics-based approach is the quantifi-

cation of the analytes of interest. The addition of the LightSPLASH® Lipidomix® standard mixture, which contains 

non-endogenous class-specific lipid standards, together with the sphinganine (d17:0), and palmitic acid-d31 allowed the 



quantification of 15 lipid classes by assuming that each lipid standard has the same response factor (RF) as the lipid of 

interest belonging to that class [57]. 

The remaining lipids and metabolites detected as significantly affected were semi-quantified using the standard 

presenting the minimum difference in RT and in mass versus the biological compound [57]. 
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