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Sample preparation of RBC lysates and RBC and plasma metabolite extraction

Preparation of RBC lysates and metabolite extraction were performed as previously described [1]. Briefly, whole blood was centrifuged at 120g for 15 minutes, and the supernatant containing platelets discarded. Isolation of the RBCs from leukocytes was performed with a cellulose column [2]. Following this step, the RBC purity was higher than 99.99%. RBC suspensions obtained were centrifuged and the supernatant discarded. RBCs when transferred, suspended in Milli-Q water in twice of the initial volume of packed cells, and boiled for 3 minutes. After centrifugation at 1430g for 3 minutes at 4°C, the supernatant was ultrafiltered with centrifugal filter devices at 4000g for 20 minutes at 20°C.  Before injection into the chromatographic system, the samples were diluted 1:1 with Milli-Q water.

Metabolites extraction was performed twice (HILIC (-) and C18 (+)) from 50µL of plasma following methanol-assisted protein precipitation as previously described [3] . Briefly, a volume of 200 μL of methanol containing internal standards at 3.75µg/mL (Dimetridazole, 2-amino-3-(3-hydroxy-5-methyl-isoxazol-4-yl) propanoic acid (AMPA), 2-methyl-4-chlorophenoxyacetic acid (MCPA), Dinoseb (Sigma-Aldrich, Saint-Quentin Fallavier, France)) was added to the 50µL of plasma. The resulting samples were then left on ice for 90 minutes until complete protein precipitation. After a centrifugation step at 20,000 g for 15 minutes at 4°C, supernatants were collected and dried under a nitrogen stream using a TurboVap instrument (Thermo Fisher Scientific, Courtaboeuf, France) and stored at -80 °C until analysis. Prior to LC-MS analysis, dried extracts were resuspended in 150µL of ammonium carbonate 10mM pH10.5 + ESS* /Acetonitrile (40:60, v/v) for ZIC-pHILIC analysis or H2O/Acetonitrile (95:5, v/v), containing 0.1% formic acid and ESS* for C18 analysis. After reconstitution, the tubes were vortexed and incubated in an ultrasonic bath for 5 minutes and then centrifuged at 20,000 g for 15 minutes at 4°C. Supernatant was transferred into 0.2 mL vials. A quality control (QC) sample was obtained by pooling 20 µL of each sample preparation. QC samples was injected every 10 samples in order to evaluate the signal variations of any metabolite.
*ESS (external standards solution): mixture of 9 authentic chemical standards covering the mass range of interest (13C-glucose, 15N-aspartate, ethylmalonic acid, amiloride, prednisone, metformin, atropine sulfate, colchicine, imipramine) added to all samples in order to check the consistency of analytical results in terms of signal and retention time stability during the experiments.

Untargeted metabolomics by liquid chromatography coupled to high-resolution mass 
Spectrometry (LC-HRMS°

The ultra-high performance liquid chromatographic (UHPLC) separation was performed on a Hypersil GOLD C18 1.9 µm, 2.1 mm x 150 mm column (RP) at 30°C (Thermo Fisher Scientific, les Ulis, France), and HPLC chromatographic separations were performed on a Sequant ZIC-pHILIC 5 µm, 2.1 x 150 mm (HILIC) at 15°C (Merck, Darmstadt, Germany). All chromatographic systems were equipped with an on-line prefilter (Thermo Fisher Scientific, Courtaboeuf, France). Experimental settings for each LC-HRMS condition are described below. Mobile phases for RP columns were 100% water in A and 100% acetonitrile in B, both containing 0.1% formic acid. Regarding HILIC, phase A consisted of an aqueous buffer of 10 mM ammonium carbonate in water adjusted to pH 10.5 with ammonium hydroxide, whereas pure acetonitrile was used as solvent B. Chromatographic elutions were achieved under gradient conditions as follows: (i) RP-based system: the flow rate was set at 500 µL/min. The elution consisted of an isocratic step of 2 minutes at 5% phase B, followed by a linear gradient from 5 minutes to 100% of phase B for the next 11 minutes. These proportions were kept constant for 12.5 min before returning to 5% B for 4.5 min. (ii) HILIC-based system: the flow rate was 200 µL/min. Elution started with an isocratic step of 2 min at 80% B, followed by a linear gradient from 80 to 40% of phase B from 2 to 12 min. The chromatographic system was then rinsed for 5 min at 0% B, and the run ended with an equilibration step of 15 min (80% B).
LC-MS analyses were performed using a U3000 liquid chromatography system coupled to an Exactive mass spectrometer from Thermo Fisher Scientific (Courtaboeuf, France) fitted with an electrospray source. The software interface was Xcalibur (version 2.1) (Thermo Fisher Scientific, Courtaboeuf, France). The mass spectrometer was calibrated before each analysis in both ESI polarities using the manufacturer’s predefined methods and recommended calibration mixture provided by the manufacturer (external calibration). The Exactive mass spectrometer was operated with capillary voltage at -3 kV for HILIC(-) analysis and 5 kV for C18(+) analysis and a capillary temperature set at 280°C. The sheath gas pressure and the auxiliary gas pressure were set, respectively, at 60 and 10 arbitrary units with nitrogen gas. The mass resolution power of the analyzer was 50,000 full width at half maximum (FWHM) at m/z 200, for singly charged ions. The detection was achieved from m/z 85 to 1000 for RP conditions for C18(+) and from m/z 50 to 1000 for HILIC (-). 

Data processing 

Data processing procedure was described elsewhere [1]. Briefly, the  raw LC-HRMS data were first converted into mzXML files using MSConvert (ProteoWizard), and further data processing (e.g., normalization, scaling, filtering) and statistical treatments were performed using the Workflow4Metabolomics (W4M) platform [4]. 

Metabolites annotation and LC-MS/MS validation

Feature annotation was performed considering a ±10 ppm mass tolerance and using our in-house spectral database [3,5], as well as the publicly available databases KEGG [6], HMDB, [7] and METLIN [8]. Annotation of the most statistically significant annotated metabolites was further confirmed by additional MS/MS experiments. To be identified, ions had to match at least two orthogonal criteria (among accurate measured mass, isotopic pattern, MS/MS spectrum, and retention time) to those of an authentic chemical standard analyzed under the same analytical conditions, as proposed by the Metabolomics Standards Initiative [9]. 
Complementary LC-MS/MS experiments were performed using a Dionex Ultimate chromatographic system combined with a Q-Exactive Plus mass spectrometer, under non-resonant collision-induced dissociation conditions using higher-energy C-trap dissociation (HCD).
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