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Figure 1. Sample processing and chromatography parameters. (A) The number of metabolites identified with high confidence spectral database
matching in whole bone marrow (WBM) samples after HILIC or reverse phase chromatography (n = 3 replicates per group from one experiment). (B)
Figure 1 continued on next page
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Figure 1 continued

Average peak intensities in sheath fluid background samples after drying with a standard vacuum concentrator, a vacuum concentrator in a positive
pressure HEPA-filtered clean hood, or with no drying (n = 5 replicates per treatment from one experiment). (C) Number of metabolites significantly
above sheath fluid background in 10,000 sorted WBM cells after drying with a standard vacuum concentrator, a vacuum concentrator in a clean hood,
or with no drying (n = 5 replicates per treatment from one experiment). The threshold for statistical significance relative to background or other
samples was always set at fold change >2 and false discovery rate (FDR) < 0.05, unless otherwise indicated. (D) Metabolites detected in 100,000 WBM
cells extracted with 80% acetonitrile in water (ACN), 80% methanol in water (MeOH), or 40% ACN plus 40% MeOH in water (Mix) (n = 3 replicates per
treatment from one experiment). (E) Overlap in metabolites detected with each extraction solvent (n = 3 replicates per treatment from one experiment).
(F) Number of metabolites significantly above background in 10,000 WBM cells sorted using a 70 or 100 um nozzle, and 0.5x or 1.0x phosphate
buffered saline (PBS) sheath fluid (n = 5 replicates per treatment in each of three independent experiments; the metabolites that significantly differed
between 0.5x PBS versus 1x PBS sheath fluid are listed in Figure 1—source data 2, Supplementary Table 1). (G) Number of metabolites significantly
above background in 10,000 sorted WBM cells or 10,000-100,000 pipetted WBM cells (n = 5 replicates per treatment in each of three independent
experiments). (H-K): (H) Principal component analysis of 10,000 sorted or pipetted HNT-34 AML (AML) cells or DND-41 T-ALL (ALL) cells (one
experiment with n = 8 replicates per treatment; the metabolites that significantly differed between sorted and pipetted AML cells and between sorted
and pipetted ALL cells are shown in Figure 1—source data 3, Supplementary Table 2 and Figure 1—source data 4, Supplementary Table 3).

Figure 1—source data 8 shows the raw metabolomics data for the comparison of AML to ALL cells. () Metabolites that significantly changed between
AML and ALL cells in sorted versus pipetted samples (listed in Figure 1—source data 5, Supplementary Table 4). (J, K) Correlation between log2 fold
changes (in AML versus ALL cells) in sorted versus pipetted samples for all detected metabolites (J) and metabolites that significantly differed between
sorted AML and ALL cells (K). (L-P): (L) Number of metabolites above background in 10,000 pipetted WBM cell samples at various times after the death
of the mouse (one experiment with n = 5 replicates per time point). (M) Number of metabolites that significantly increased or decreased at each time
point relative to the 5 min time point (the metabolites are listed in Figure 1T—source data 6, Supplementary Table 5). (N-P) Log2-transformed (N), non-
transformed (O), and non-transformed intensity values for metabolites <1 %108 (P) in the 5 versus 120 min samples. The statistical significance of
differences between treatments was assessed using a paired t-test (A), a Kolmogorov—-Smirnov test (B) followed by Holm-Sidak’s multiple comparisons
adjustment, repeated measures one-way ANOVA followed by Tukey's (D) or Dunnett's (G) multiple comparisons adjustment, repeated measures two-
way ANOVA followed by Sidak’s multiple comparisons adjustment (F), or Spearman correlation analysis (J, K, N-P). All statistical tests were two-sided.
Data represent mean + SD. See also Figure 1—figure supplement 1.
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Figure 1—figure supplement 1. Chromatographic performance of lipids separated by HILIC. (A-D) Representative chromatograms for (A)

phosphatidylcholine (PC [36:2]), (B) phosphatidylethanolamine (PE [38:6]), (C) lysophosphatidylcholine (Lyso-PC [18:0]), and (D)

Figure 1T—figure supplement 1 continued on next page

DeVilbiss et al. eLife 2021;10:e61980. DOI: https://doi.org/10.7554/eLife.61980

4 of 12


https://doi.org/10.7554/eLife.61980

ELIfe Tools and resources

Figure 1—figure supplement 1 continued

Stem Cells and Regenerative Medicine

lysophosphatidylethanolamine (Lyso-PE [20:4]). (E-H) Standard curves of isotopically labeled lipids from four classes of lipids we detected (black) and

the corresponding endogenous lipid (red) for (E) phosphatidylcholine, (F) phosphatidylethanolamine, (G) lysophosphatidylcholine, and (H)
lysophosphatidylethanolamine (n = 3 replicates, data represent mean =+ SD).
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Figure 2. Metabolic differences between hematopoietic stem cell (HSC)/multipotent progenitors (MPPs) and whole bone marrow (WBM) cells. (A)
Metabolites significantly above background in 10,000 sorted HSC/MPPs or WBM cells (n = 3-7 replicates per treatment in each of four independent
experiments; fold change >2 and false discovery rate [FDR] < 0.05). (B) Metabolites that were significantly depleted (left) or enriched (right) in HSC/
MPPs as compared to WBM cells (fold change >2.5, FDR < 0.01; all metabolites with fold change >2.0 and FDR < 0.05 are listed in Figure 2—source
data 2, Supplementary Table 1). Data in (A) represent mean + SD. A comparison of these differences to those observed by Agathocleous et al., 2017
between HSCs and WBM cells is shown in Figure 2—figure supplement 1and a summary of the differences in lipid species is shown in Figure 2—

figure supplement 2.
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A Enriched in HSC/MPP v WBM

Agathocleous et al DeVilbiss et al

Metabolite FC FDR FC FDR
glycerophosphorylcholine 34 <0.0001 29 <0.0001
ascorbate 18 0.0001 n.d. (no EDTA added)
phosphocholine 2.7 <0.0001 4.3 <0.0001
choline 21 <0.0001 4.5 <0.0001
GSH 2.0 0.002 1.6 0.0025

B Depleted in HSC/MPP v WBM

Agathocleous et al DeVilbiss et al

Metabolite FC FDR FC FDR
glutamine 0.18 <0.0001 0.33 <0.0001
N-acetylaspartate 0.30 <0.0001 0.57 <0.0001
hypoxanthine 0.34 <0.0001 0.46 0.048
carnitine 0.36 <0.0001 0.21 <0.0001
IMP 0.36 0.0003 0.10 <0.0001

spermidine 0.38 0.002 n.d.
acetylcholine 0.42 <0.0001 0.37 <0.0001
trimethyllysine 0.48 <0.0001 0.27 <0.0001
betaine 0.50 <0.0001 n.d.

glutamate 0.64 <0.0001 0.69 0.030
taurine 0.77 0.0001 0.64 <0.0001

Figure 2—figure supplement 1. Metabolites that were detected as differing between hematopoietic stem cells

(HSCs)/multipotent progenitors (MPPs) and whole bone marrow (WBM) cells using the Agathocleous et al.’s
method (Agathocleous et al., 2017) versus the method described in this study. Metabolites identified by
Agathocleous et al. as (A) enriched or (B) depleted in HSC/MPPs as compared to WBM cells and the results

obtained for the same metabolites in the current study (data are from Figure 2).
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Figure 2—figure supplement 2. Glycerophospholipids are enriched in hematopoietic stem cell (HSC)/multipotent progenitors (MPPs) as compared to
whole bone marrow (WBM) cells. (A) Schematic of glycerophospholipid metabolism and (B) list of phosphatidylcholines (PC),
phosphatidylethanolamines (PE), phosphatidylserines (PS), Lyso-PCs, and Lyso-PEs detected in 10,000 HSCs/MPPs or WBM cells by our method. Red
metabolites were enriched in HSC/MPPs and blue metabolites were depleted in HSC/MPPs. Purple metabolites were detected but not significantly
changed. Black metabolites were not detected (n = 11 replicates per cell population from a total of four independent experiments).
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Figure 3. Metabolic differences between methotrexate-treated and control hematopoietic stem cells (HSCs) or circulating melanoma cells and primary
tumors. (A-D) Bone marrow cellularity (A) and the frequencies of CD150"CD48 Lin"Scal*c-kit" HSCs (B), CD150°CD48 Lin"Scal*c-kit"multipotent
progenitors (MPPs) (C), and Lin"Scal™c-kit* cells (D) in femurs and tibias from mice treated with methotrexate or vehicle control (n = 5 mice per
treatment from two independent experiments). (E) Percentage of nucleated blood cells that were donor-derived after competitive transplantation of
bone marrow cells from methotrexate-treated versus control mice into irradiated recipients (two independent experiments). (F) AICAR levels in HSC/
MPPs from mice treated with methotrexate or vehicle (11 control samples and 9 MTX samples from four independent experiments). (G) Metabolites
detected above background in primary tumor cells or circulating melanoma cells (n = 3 or four replicates per treatment in one experiment; fold change
>2 and false discovery rate [FDR] < 0.05). (H-K) Levels of the purines inosine monophosphate (IMP) (H), xanthosine monophosphate (XMP) (1),
guanosine monophosphate (GMP) (J), and adenosine monophosphate (AMP) (K) in primary tumor and circulating melanoma cells. Statistical
significance was assessed by t-test (A), repeated measures two-way ANOVA (B-D), or mixed effects analysis (E) followed by Sidak’s multiple
comparisons adjustment. All tests were two-sided. Data represent mean + SD. The flow cytometry gates used to isolate each cell population are shown
in Figure 3—figure supplement 1. All of the metabolites that differed between circulating melanoma cells and subcutaneous tumor cells are listed in
Figure 3—source data 2, Supplementary table 1.
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Figure 3—figure supplement 1. Flow cytometry gating strategies. (A) Flow cytometry gating strategies for isolating CD150"CD48 Lin"Scal"c-

kit" hematopoietic stem cells (HSCs; 0.0057% of bone marrow cells), CD150 CD48 Lin"Scal*c-kit"multipotent progenitors (MPPs; 0.0047% of bone
marrow cells), and Lin"Scal"c-kit" cells (0.19% of bone marrow cells). (B) Flow cytometry gating strategy for isolating live
HLA*DsRed*mTer119mCD45 mCD31" human melanoma cells from mechanically dissociated subcutaneous tumors from xenografted NSG mice (all
melanomas were tagged with stable DsRed expression). (C) Flow cytometry gating strategy for isolating live HLA"DsRed " mTer119 mCD45 mCD31
circulating melanoma cells from the blood of xenografted NSG mice.
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Figure 4. Metabolomic profiling of hematopoietic stem cells (HSCs) isolated by flow cytometry. (A) Overview of the method. (B) Metabolites detected
above background in 10,000 HSCs/multipotent progenitors (MPPs) in this study (green numbers, 159 metabolites total) as compared to our prior study

Figure 4 continued on next page
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using a different method (Agathocleous et al., 2017) (blue numbers, 57 metabolites total). These data are from one experiment, representative of four

independent experiments. Metabolites detected above background were calculated by comparing three whole bone marrow (WBM) or three HSC/MPP
samples to three sheath fluid blanks (fold change >2, false discovery rate [FDR] < 0.05).

DeVilbiss et al. eLife 2021;10:e61980. DOI: https://doi.org/10.7554/eLife.61980 12 of 12


https://doi.org/10.7554/eLife.61980

