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Figure S1. TCA metabolite levels in LPS/IFNYy stimulated whole blood (WB) and plasma from the
experiment shown in Figure 2A; n =3; mean + SEM; values < LLOQ were considered missing val-
ues. Lactate levels were > ULOQ. n/d = not detected.
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Figure S2. TCA metabolite levels in mouse organs in extracted mouse organs of 44 to 46 weeks old C57BL/6] mice from
the experiment shown in Figure 3; nn =4 male and n = 6 female mice, mean + SEM; values < LLOQ were considered missing
values.



Tables

Table S1. Summary of studies on itaconate quantification in diseases and disease models.

Reported
Reference Host Disease/Model Biosample Method eporte
LLOQ
Human
[52] Human Sepsis Serum GC-MS 0.5 uM
icl
[15] Human Systemic lupus Serum HPLC-MS -
erythematosus
[16] ’ Human ‘ Overactive bladder Urine GC-MS B
Aging female population syndrome
Plasma, serum, bron- 1 uM
[17] Human Sepsis cho-alveolar lavage GC-MS K
. . (plasma)
fluid, urine
ional 1
(53] Human ' Gestatlona' Materna’ serum. at GC-MS _
diabetes mellitus 20 weeks’ gestation
Animal
[54] Mouse P. aeruginosa infection Broncho-alveolar LC-MS -
lavage
[13] Chicken Eimeria acervulina infection Serum UPLC-MS/MS -
[55] Mussel Vibrio sp. infection Tissue GC-MS 6.25 uM
[12] Mussel Vibrio sp. infection Tissue GC-MS -
Chronic fati d
[56] Rat romic fatigue syndrome Serum, urine GC-MS -
(CES)
. Peritoneal
[57] Mouse Peritoneal tumors GC-TOF -
macrophages
Hind limb extract,
cell lysates (mouse
synovial fibroblast
. .. culture),
[14] Mouse Rheumatoid arthritis KAIM cells (human LC-MS/MS
synovial fibroblast
cell line culture),
serum, urine
[29] Mouse Sulmone.lla tyr.zhimurium U1"ine, §erum, intes- NMR B
infection tine, liver, spleen
(28] Mouse Mycobacterium tuberculosis Lung NMR _

infection




Table S2. Summary of studies on mesaconate quantification in diseases and disease models.

R
Reference Host Disease/Model Biosample Method eported
LLOQ
Human
HPLC-Q-
B Human e corelaton with esostron) Serum Tors )
& and GC-TOF/MS
[23] Human Isovaleric acidemia Urine GC-MS -
Squalene synthase deficiency
[24] Human (defect in cholesterol biosynthesis; Urine GC-MS -
mesaconate is product of farnesol catabolism)
[59] Human IgA nephropathy Urine NMR -
[60] Human Peritoneal dialysis pétlents with anemia/ intra- Serum LC-MS _
venous iron therapy
[61] Human Schizophrenia Serum NMR -
(mesaconate detected in healthy controls only)
[62] Human Treatment with sodium benzoate Urine GC -
Isovaleric academia, during a severe .
[63] Human L Urine GC-MS -
ketoacidotic attack
[64] Human Isovaleric acidemia Urine Headspace- GC -
[65] Human Fasting and (.ihabetl(? ket9ac1d051s Urine cc _
(also citraconic acid)
[66] Human Prenatal d1a@051s of r.nethylmal.omc academia Urine cc _
/ isovaleric academia Serum
Animal
[67] Mice Lung injury caused by paraquat Lung tissues LC-MS/MS -
[68] Rat Feeding study methylsuccinate (rat) Urine GS-MS -




Table S3. Summary of studies on citraconate quantification in diseases and disease models.

R
Reference Host Disease/Model Biosample Method eported
LLOQ
Human
Periodontal
P moivalis infecti
@ e MR s cous
p & (PDLSCs)
Human HepG2
[70] ;1/[ Extracellular magnesium deficiency RAW264.7 GC-MS -
e HUVECs
[20] Human Type 2 diabetes mellitus Serum GC/TOF-MS -
21] I Polychlorinated biphenyls (PCB) exposure Serum HILIC-MS/MS B
[ han in maternal and cord serum (cord blood) GC-NICI-gMS
irrhosi iral hepatitis vs.
22] Human Cirr osis due.tf) vira epat.lt.ls Vs Serum NMR _
primary biliary cholangitis
[19] Human Colorectal cancer Serum LC-MS/MS -
Methylmalonyl-CoA mutase deficiency
[18] Human (deranged isoleucine metabolism / Urine GC-MS -

ketotic attacks / methylmalonic acidaemia)




Table S4. Implementation of FDA recommendations for chromatographic assay validation.

FDA Validation Recommendations for Chromatographic Assays (CCs)

Implementation for Assay Validation

Parameter Elements
- A blank (no analyte, no ISTD), a zero calibrator - 11 calibrator levels for Citraconate, Itaconate,
(blank plus ISTD), and at least six non-zero calibra- Mesaconate & cis-Aconitate, 6-10 for the remaining
tor levels covering the quantitation range, including analytes (Table S6).
Calibration LLOQ in every run. - A surrogate matrix of PBS with 50 mg/ml HSA was
Curve - All blanks and calibrators should be in the same ma- used, due to the ubiquitous presence of TCA
trix as the study samples. metabolites in most samples.
- The concentration-response relationship should fit - the concentration-response relationship was fit with
with the simplest regression model. quadratic regression and 1/x weighting.
- For A & P Runs: Four QCs, including LLOQ, low (L:
defined as three times the LLOQ), mid M: defined as
Quality Controls  mid-range), and high (H: defined as high-range) - Three QCs were included (L, M & H; Table 1) with
(QC) from at least five replicates in at least three runs at least five replicates for all validation runs.
- For other validation runs: L, M, andh QCs in
duplicates
- Analyze blank samples of the appropriate - Base level concentrations of Itaconate isomers and
Selectivity biological matrix from at least six individual sources. TCA metabolites were analyzed in unspiked plasma
and whole blood samples (Table §13).
- The method specificity should be assessed for - All analytes were spiked in pla'sma f;md whole blood
interference by cross-reacting molecules samples (base level concentrations in Table S13) at
Specificity i?r(l)fzomitant rr}ie dications & § three QC concentrations (L, M & H; Table S14/S15
. o for Itaconate isomers; Table S16/S17 for TCA
bio-transformed species, etc. .
metabolites).
- Carryover was monitored for each analyte in double
- The impact of carryover on the accuracy of the study blanks (HPLC grade water) following QC-H sam-
Carryover ’ .
sample concentrations should be assessed. ples during HPLC-MS/MS sample analyses
(measured in n=10 different batches; Table 1).
. - The lowest nonzero standard on the calibration - LLOQ (Table 56) was defmec':l as five times t.he
Sensitivity analyte response of the matrix blank according to

curve defines the sensitivity (LLOQ).

recommendations.

- A & P should be established with at least three

Accuracy and independent A & P runs, four QC levels per run

- A & P was established for intra-, interday and opera-
tor A & P runs (Table 1), three QC levels (L, M &H)

. . - .
Precision (A & P) f;l;:l)Q, L, M,h QC), and 2 five replicates per QC per run and 35 (up to 10) replicates per QC level.
- Extracted samples at L, M, andh QC concentrations . L .
. i - Recovery experiment was performed with five repli-
Recovery versus extracts of blanks spiked with the cates per QC level (L, M & H; Table 1)
analyte post extraction (at L, M, and H). p ’ ’ ’

- Each stability test was performed with five repli-
cates, three QC levels (L, M &H) and up to four
timepoints:

- Auto-sampler (Table 1),
- For auto-sampler, bench-top, extract, freeze-thaw, ) Be.n ch-top (1-7 days at RT, Table 57)
. . . - Fridge (1-21 days at 4 °C, Table S8)
Stability stock solution and long-term stability, perform at . .
least three replicates at L. andh QC concentrations - Extract (1-35 days in extraction solvent
P ' at -20 °C/-80 °C, Table S9 &
1-21 days as dried extracts at RT, Table S10)
- Freeze/thaw (4 cycles, Table S11)
- Long-term stability (1-6 months at -20 °C,
Table S12)
. - QCs for planned dilutions, five replicates per - A & P of 1/10 diluted QC-H were analyzed for five
Dilution s ;
dilution factor. replicates (Table S18).
Repeat Analysis - No re-analysis of individual calibrators and QCs is - Samples were only reanalyzed to assess

permitted.

autosampler stability (Table 1).




Table S5. Mass spectrometry parameters and HPLC retention times.

Q1 Mass Q3 Mass vaell DP CE CXP Rete.ntlon
Analyte Time Time
(Da) (Da) (msec) (volts) (volts) (volts) (min)
1B3Cs-Itaconate_Q 134.017 88.900 30 -25 -14 -5 6.75
13Cs-Itaconate_2 134.017 44.100 30 -25 -22 -1
Itaconate/Citraconate_Q 128.859 85.000 30 -30 -14 -7 Citra: 4.60
Itaconate/Citraconate 2 129.017 41.100 30 -25 -22 -1 Ita: 6.75
Mesaconate_Q 128.856 84.900 30 -30 -10 -9 5.85
4-Octyl-itaconate-1 240.949 111.000 30 -35 -18 -7 8.04
4-Octyl-itaconate_Q 240.949 66.900 30 -35 -30 -5 )
13Ce-cis-Aconitate_Q 178.870 134.000 30 -30 -12 -7 302
13Ce-cis-Aconitate_2 178.870 115.900 30 -30 -12 -9 )
cis-Aconitate_Q 172.938 85.051 30 -30 -16 -7 302
cis-Aconitate_2 172.938 110.878 30 -30 -12 -9
1BBC,-Citrate_Q 192.909 112.951 30 -35 -18 -7 5 40
1BC,-Citrate_2 192.909 87.958 30 -35 -24 -5 '
Citrate _Q 190.886 110.984 30 -30 -18 -7 5 40
Citrate_2 190.886 86.968 30 -30 -22 -9 '
Fumarate_Q 114.820 71.000 30 -45 -10 -7 2.78
Isocitrate_Q 190.909 110.832 30 -30 -20 -9 1.54
Isocitrate_2 190.909 73.019 30 -30 -30 -5
13Cs-Lactate_Q 91.829 45.000 30 -100 -16 -5 1.76
13Cs-Lactate_2 91.829 43.000 30 -70 -34 -5
Lactate_Q 88.890 43.096 30 -40 -18 -1 1.76
Lactate_2 88.890 45.018 30 -40 -16 -1
Malate_Q 132.855 114.864 30 -30 -16 -7 1.49
Malate_2 132.855 70.931 30 -30 -22 -3
13Cs-Succinate_Q 121.000 76.000 30 -35 -16 -7 2.78
13Cs-Succinate_2 121.000 103.000 30 -35 -14 -7
Succinate_Q 116.847 73.000 30 -30 -16 -7 2.78
Succinate_2 116.847 99.000 30 -30 -14 -7

DP, declustering potential; CE, collision energy; CXP, collision cell exit potential; Q, quantifier mass transition generally
used for quantification.



Table S6. Limits of quantification for the HPLC-MS/MS assay.

Average Average Average Average Average  Average Molar

Analyte Internal LOD LLOQ LLOQ per LLOQ on LLOQ on ULOQ Average Mass

Standard (Calibrator) Sample Column Column (Calibrator) R?
(uM) (g/mol)
(uM) (pmol)  (pmol) (pg) (uM)

Itaconate 13Cs-Itaconate 0049  0.098(Cl) 490 0.490 64 100 (C11)  0.9999  130.099
Citraconate  Cs-Itaconate 0025  0.049(Cl) 245 0.245 32 50(C11) 09999  130.099
Mesaconate  13Cs-Itaconate 0049  0.098(Cl) 490 0.490 64 100 (C11) 09999  130.099

4-Octyl- 13Cs-Itaconate 0003  0.020(C3)  1.00 0.100 24 5(C11) 09999 242312

itaconate

cis-Aconitate BCo-cis-Aconitate  0.025  0.049(Cl)  2.45 0.245 43 50(C11)  1.0000  174.109
Citrate 13Co-Citrate (0195 0391 (C5 1955  1.955 376 25(C11) 09998 192124
Fumarate 1213&'(:1”,“9) 0780  1560(C6) 7800  7.800 905 50(C11)  1.0000  116.072
Cs-Succinate

Isocitrate 1Cs-Lactate 0012 0.098(C2) 490 0.490 94 50(C11) 09999 192124
Lactate BCi-Lactate  (7.8-15.6)* 31.300(C7) 156500 156500 14097 500 (C11)  0.9998  90.078
Malate 13Cs-Lactate 0049  0.196(C3)  9.80 0.980 131 50(C11) 09999  134.088
Succinate (PCo-Citrate) (201« 0781(C5)  39.05  3.905 461 50(C11) 09998  118.088

13C4-Succinate

Calibrators range from CO (matrix blank) to C11; LOD: limit of detection; LLOQ and ULOQ: lower and upper limit of
quantification; R? of quadratic regression with 1/x weighting. *Due to residual impurities in the surrogate matrix, the LOD

for these analytes is specified as > 3x the signal (peak area) of the matrix blank.



Table S7. Stability of quality controls in surrogate matrix at room temperature (bench-top).

Exp. Conc. | Mean Accuracy Precision: Mean Accuracy Precision. Mean Accuracy Precision
(uM) (uM) (%) (%CV)  (uM) (%) (%CV) |~ (uM) (%) (%CV)
Cs in Surrogate
?V[atrix at RTgfor 1 day 3 days 1 week
Itaconate 0.3 0.3 104.1 1.9 0.3 102.7 1.3 0.3 103.0 2.9
3 3.2 105.8 1.4 3.2 106.1 0.7 3.2 106.8 1.8
80 73.3 91.6 1.6 74.7 93.3 2.0 80.9 101.1 3.5
Citraconate 0.15 0.2 109.5 3.0 0.2 109.7 2.2 0.2 1112 2.6
3 3.2 105.7 1.8 3.2 105.4 12 3.2 106.9 1.5
40 39.3 98.2 1.5 39.5 98.8 1.6 41.6 104.1 24
Mesaconate 0.3 0.3 101.5 2.7 0.3 101.5 2.1 0.3 100.8 4.2
3 3.3 109.3 1.0 3.3 109.4 0.5 3.3 1107 3.0
80 78.8 98.5 1.4 79.3 99.2 1.7 82.5 103.2 23
4-Octyl-itaconate 0.03 0.03 86.1 7.3 0.03 90.9 10.2 0.03 95.5 8.3
0.3 0.3 101.3 5.0 0.3 101.1 2.4 0.3 106.5 4.1
2 1.8 914 1.5 1.8 91.0 1.0 1.9 94.6 23
cis-Aconitate 0.15 0.1 91.5 47 0.1 93.9 7.0 0.1 92.9 4.1
3 2.9 96.7 1.7 2.9 96.9 0.9 2.9 96.7 2.0
40 37.7 94.3 15 37.9 94.8 14 39.9 99.8 1.3
Citrate 1.2 1.3 107.2 1.7 1.3 105.3 1.2 1.3 104.3 1.9
6 6.4 105.9 1.2 6.4 106.5 5.0 6.3 104.6 1.0
20 19.8 99.0 2.2 19.6 98.0 1.7 20.1 100.7 1.2
Fumarate 5 5.1 102.6 1.2 5.2 103.0 1.3 5.3 106.1 1.4
12 12.6 104.7 4.2 12.8 106.5 2.8 13.3 1112 2.0
40 35.6 89.1 2.6 37.0 92.5 2.2 41.9 104.7 5.7
Isocitrate 0.6 0.7 1152 3.2 0.7 109.4 1.3 0.6 101.0 2.0
6 7.3 1224 2.9 7.1 117.6 2.8 6.6 1104 1.7
40 43.3 108.3 14 42.9 107.2 2.1 40.9 102.3 3.8
Lactate 50 48.7 97.4 8.3 47.6 95.1 2.3 50.1 100.2 4.0
150 159.2 106.1 2.1 160.0 106.7 1.7 167.8 1119 3.2
400 409.0 102.3 0.9 413.0 103.3 1.6 423.2 105.8 1.8
Malate 0.6 0.7 117.6 3.8 0.7 1142 3.0 0.7 108.6 2.1
6 7.2 119.2 3.2 7.1 117.6 3.0 6.9 115.0 5.7
40 43.4 108.5 1.1 43.1 107.7 1.8 41.9 104.7 2.8
Succinate 5 3.4 68.1 0.7 3.5 70.0 2.8 3.6 72.1 3.2
12 8.9 73.9 4.3 9.0 75.3 1.9 9.5 79.3 1.1
40 27.0 67.4 2.5 27.7 69.4 1.7 30.8 77.0 4.4

Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined twice;
n =5 for each QC and time point.



Table S8. Stability of quality controls in surrogate matrix at 4 °C (refrigerator).

Exp. Conc. | Mean Accuracy Precision Mean  Accuracy Precision | Mean  Accuracy Precision | Mean  Accuracy  Precision
(uM) (uM) (%) (%CV) (uM) (%) (%CV) (M) (%) (%CV) (uM) (%) (%CV)
QCs in Surrogate Matrix 1 day 1 week 2 weeks 3 weeks

at 4 °C for

Itaconate 0.3 0.3 103.1 2.0 0.3 101.2 1.8 0.3 99.6 2.9 0.3 102.7 5.2

3 3.2 105.7 2.8 3.2 105.2 0.8 3.2 105.1 2.0 3.2 105.8 1.5

80 77.0 96.3 1.7 80.8 101.0 1.8 79.9 99.9 1.3 79.2 99.0 4.4

Citraconate 0.15 0.2 109.2 4.3 0.2 107.1 3.9 0.2 106.3 3.1 0.2 108.7 4.5

3 3.1 104.7 2.7 3.2 105.1 2.3 3.2 105.7 2.2 3.2 105.7 0.7

40 40.1 100.3 1.0 41.0 102.6 1.1 41.0 102.5 0.9 40.7 101.9 2.2

Mesaconate 0.3 0.3 102.2 3.0 0.3 104.5 2.5 0.3 104.3 3.7 0.3 104.1 4.1

3 3.3 109.1 2.5 3.3 109.5 1.8 3.3 110.1 1.8 3.3 109.9 21

80 79.9 99.9 1.7 80.8 101.0 1.0 80.6 100.8 1.5 80.9 101.1 1.7

4-Octyl-itaconate 0.03 0.03 100.5 12.2 0.03 108.3 5.6 0.03 1103 2.5 0.03 113.1 3.0

0.3 0.3 102.3 47 0.3 102.5 41 0.3 105.2 2.9 0.3 102.7 3.0

2 1.9 93.5 1.9 1.8 89.1 7.7 1.9 96.7 2.2 1.9 95.0 4.3

cis-Aconitate 0.15 0.1 95.3 6.8 0.2 109.6 2.3 0.2 105.7 1.1 0.2 107.7 2.6

3 2.9 97.0 1.9 3.0 98.5 2.9 2.9 97.1 1.0 2.9 97.2 14

40 38.4 96.1 1.3 39.9 99.7 1.1 39.3 98.2 1.5 39.6 98.9 34

Citrate 1.2 1.3 105.7 0.9 1.3 107.2 2.0 1.3 108.2 4.0 14 1133 8.9

6 6.4 106.0 1.6 6.3 104.9 1.7 6.4 106.9 0.9 6.4 106.9 0.6

20 20.5 102.5 15 20.4 102.1 1.1 20.0 99.9 2.1 20.3 101.6 3.0

Fumarate 5 5.1 102.4 1.6 5.4 107.5 1.9 5.3 106.5 3.1 5.4 107.4 3.2

12 12.4 103.3 2.4 13.2 109.7 1.7 13.2 110.2 1.1 13.1 109.2 3.3

40 38.4 96.1 2.1 41.4 103.6 3.8 40.1 100.4 5.8 40.4 101.1 8.9

Isocitrate 0.6 0.7 113.8 2.6 0.6 104.9 1.8 0.6 103.5 3.5 0.6 106.2 5.6

6 7.4 1239 2.4 6.7 1114 1.0 6.7 1119 1.9 6.8 112.8 5.2

40 42.8 106.9 0.6 41.5 103.8 2.1 41.3 103.2 4.4 41.0 102.5 2.6

Lactate 50 49.3 98.5 3.7 48.7 97.4 34 54.9 109.8 6.6 58.3 116.6 9.4

150 159.0 106.0 1.4 162.4 108.3 1.9 167.8 1119 1.7 167.0 111.3 1.6

400 409.4 102.4 1.6 427 .4 106.9 1.3 426.8 106.7 1.3 423.6 105.9 2.0

Malate 0.6 0.7 1151 2.5 0.7 1115 5.2 0.7 111.8 6.2 0.7 115.0 8.1

6 7.2 1199 2.7 6.7 112.2 1.4 6.8 112.8 1.4 6.8 113.3 53

40 42.5 106.4 0.8 42.0 104.9 2.1 41.7 104.3 3.4 41.6 104.0 2.4

Succinate 5 35 69.2 2.1 3.6 72.8 1.8 3.8 76.8 1.6 3.9 77.2 2.0

12 8.8 73.2 1.9 9.4 78.0 2.3 9.7 80.5 0.6 9.4 78.6 4.0

40 28.7 71.8 2.7 30.4 76.0 3.5 30.4 76.0 5.5 29.9 74.7 7.8

Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined twice; n =5 for each QC and time point.
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Table S9. Stability of quality controls in surrogate matrix processed with extraction solvent at 20 °C and -80 °C.

Exp. Conc.. Mean Accuracy Precision Mean Accuracy Precision Mean Accuracy Precision;Mean Accuracy Precision Mean Accuracy Precision
pM)  (uM) (%) (%CV)  (uM) (%) (%CV)  (uM) (%) (%CV) (uM) (%) (%CV)  (uM) (%) (%CV)
QCs in Extraction Solvent
at =20 °C for 1 day 2 days 7 days 35 days 21 days at -80 °C

Itaconate 0.3 0.3 103.9 2.4 0.3 97.6 4.9 0.3 102.7 2.5 0.3 107.3 2.3 0.3 109.8 1.6
3 3.1 102.1 1.5 3.0 101.4 2.1 3.2 105.2 1.7 3.2 105.1 0.5 3.3 108.9 1.8
80 87.7  109.6 3.5 842 1053 2.6 84.6 1057 2.1 853  106.7 1.4 879  109.9 2.3
Citraconate 0.15 0.2 103.1 2.3 0.1 96.1 5.6 0.2 102.9 5.1 0.2 101.2 5.8 0.1 96.1 5.5
3 3.0 100.6 3.2 3.1 101.7 2.9 3.1 103.6 1.3 3.0 101.5 2.3 3.2 106.5 1.5
40 43.5 108.8 3.8 422 1055 1.8 423 1058 1.7 431  107.8 1.6 431  107.8 3.0
Mesaconate 0.3 0.3 97.7 7.8 0.3 106.1 4.3 0.3 105.7 2.8 0.3 105.8 4.9 0.3 1105 4.5
3 3.1 102.7 2.2 3.1 104.5 2.2 3.2 106.3 0.6 3.1 103.7 2.3 3.2 105.8 0.9
80 87.3 109.2 3.9 852  106.5 1.8 843 1054 2.1 86.0 107.5 1.3 86.7  108.4 2.0
4-Octyl-itaconate 0.03 0.03 106.2 5.6 0.03 88.9 5.8 0.03 1149 1.8 0.03 97.0 8.8 0.03  103.8 10.9
0.3 0.3 88.0 2.9 0.3 85.3 4.1 0.3 103.4 1.3 0.2 77.0 0.8 0.2 82.8 9.5
2 2.0 99.3 3.6 1.8 92.0 2.5 2.2 111.8 1.6 1.7 85.0 0.4 2.0 101.5 9.8
cis-Aconitate 0.15 0.2 102.5 3.8 0.2 101.9 4.0 0.1 98.3 6.0 0.2 100.1 2.7 0.1 98.4 3.6
3 3.0 100.4 2.1 3.1 102.2 1.4 3.1 104.3 1.4 3.1 103.2 2.5 3.2 105.3 2.2
40 43.3 108.4 1.4 431  107.8 2.0 441 1102 1.7 439  109.8 2.0 443 1108 2.2
Citrate 12 1.3 105.7 1.8 1.3 104.7 1.8 1.3 112.0 2.5 1.4 1137 1.7 1.3 107.7 2.1
6 6.3 105.7 2.4 6.6 109.6 15 6.6 1102 2.4 6.9 1147 1.1 6.6 1101 1.1
20 215 107.3 1.7 220 1102 2.0 219 1094 1.1 235 1175 24 220 1102 2.1
Fumarate 5 5.4 108.8 1.9 5.4 108.8 2.9 5.7 1146 1.9 5.9 1172 1.0 5.6 1123 4.3
12 12.7  106.2 1.8 13.0 1083 2.9 13.7 1138 2.3 141 1172 3.2 140 1165 25
40 44.0 110.0 2.7 448  112.0 3.0 465 1162 2.6 477 1194 3.3 453 1133 2.0
Isocitrate 0.6 0.6 98.3 5.0 0.6 101.1 3.2 0.6 95.9 2.7 0.6 106.6 4.7 0.7 108.6 5.4
6 6.3 104.2 2.7 6.5 108.4 3.2 6.2 104.0 2.2 6.4 107.4 24 6.9 1153 3.9
40 41.4 103.5 3.2 40.1 100.3 2.0 40.8 102.0 44 43.3 108.3 2.8 43.8 109.4 0.9
Lactate 50 52.2 104.3 2.1 56.4 112.8 11.0 58.3 116.6 11.4 52.1 104.3 6.6 54.2 108.4 6.2
150 158.0 1053 4.0 161.8  107.9 2.7 1658  110.5 1.3 163.0 108.7 4.1 171.6 1144 51
400 432.8 1082 2.9 4272 1068 2.2 4454 1114 1.5 4424 1106 3.9 4414 1104 1.5
Malate 0.6 0.6 107.1 3.9 0.7 1119 3.1 0.7 110.7 4.5 0.7 108.4 3.1 0.7 118.5 6.0
6 6.4 107.2 29 6.7 1115 1.6 6.5 107.5 2.5 6.6 110.1 2.0 7.2 120.1 3.4
40 42.0 105.1 2.9 40.5 101.2 1.9 41.0 102.4 3.6 44.3 110.7 2.8 452  113.0 1.4
Succinate 5 44 88.0 2.2 4.5 89.2 3.3 4.6 92.3 2.7 4.6 91.4 3.4 4.5 89.8 59
12 10.6 88.3 24 11.1 92.5 0.9 11.1 92.8 2.9 11.1 92.7 2.7 11.2 93.3 3.0
40 38.3 95.9 3.2 39.9 99.7 3.0 40.3 100.9 2.5 42.4 106.1 2.5 40.0 100.0 2.1

Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined twice; n =5 for each QC and time point.
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Table S10. Stability of quality controls as dried extracts at RT.

Exp. Conc. | Mean Accuracy Precision Mean  Accuracy Precision | Mean  Accuracy Precision @ Mean Accuracy  Precision
(uM) (uM) (%) (%CV) (uM) (%) (%CV) (M) (%) (%CV) (uM) (%) (%CV)
Dried Extracts 1 day 1 week 2 weeks 3 weeks
Stability at RT for
Itaconate 0.3 0.3 101.8 2.6 0.3 101.7 1.8 0.3 102.2 6.3 0.3 102.2 2.7
3 3.2 105.3 15 3.1 103.9 1.8 3.2 105.3 1.3 3.2 107.4 1.2
80 78.6 98.2 1.3 734 91.8 3.6 774 96.7 14 83.3 104.1 3.1
Citraconate 0.15 0.2 113.7 4.9 0.2 105.2 4.4 0.2 109.5 1.0 0.2 1113 4.3
3 31 104.8 1.6 3.1 103.7 14 3.2 105.7 14 3.3 109.3 2.8
40 40.7 101.9 1.3 38.8 97.0 3.2 40.6 101.6 1.1 42.5 106.4 1.8
Mesaconate 0.3 0.3 100.3 5.9 0.3 107.8 2.6 0.3 108.1 7.4 0.3 105.9 7.1
3 3.3 109.0 1.6 3.2 107.5 1.3 3.3 109.0 1.6 3.5 1171 2.9
80 81.2 101.5 1.6 77.9 97.3 2.7 80.3 100.4 1.0 83.1 103.8 2.0
4-Octyl-itaconate 0.03 0.03 98.7 11.8 0.03 93.3 15.3 0.03 93.9 11.2 0.03 95.7 4.5
0.3 0.3 103.5 2.2 0.3 91.7 7.5 0.3 93.3 3.2 0.3 96.6 3.5
2 1.9 95.7 2.7 1.7 82.8 6.2 1.8 88.0 1.6 1.8 89.0 34
cis-Aconitate 0.15 0.1 94.1 7.1 0.2 107.6 1.8 0.2 108.7 41 0.2 106.4 3.7
3 2.9 97.1 1.6 2.9 96.3 0.5 2.9 97.7 1.6 3.0 100.5 1.2
40 39.6 99.0 0.8 40.1 100.2 49 39.0 97.6 1.8 41.0 102.6 2.2
Citrate 1.2 1.3 105.2 4.5 1.3 107.8 2.3 1.3 1105 6.7 14 1182 2.5
6 6.3 104.8 1.7 6.5 107.8 0.8 6.4 106.6 14 6.8 1135 7.2
20 20.4 101.8 1.8 20.0 100.0 15 20.3 101.7 1.8 22.1 110.3 7.8
Fumarate 5 5.1 101.0 3.0 5.0 100.2 2.7 5.2 103.4 3.2 5.3 105.8 1.9
12 12.3 102.7 1.9 12.3 102.7 2.5 12.5 103.8 3.3 13.1 108.8 1.3
40 40.7 101.7 3.7 36.9 92.2 4.4 37.0 92.5 4.1 41.8 104.4 7.8
Isocitrate 0.6 0.7 112.6 3.0 0.7 1157 3.6 0.7 1143 41 0.6 106.9 2.1
6 7.2 120.7 2.4 7.3 1219 42 7.4 1233 2.6 6.8 114.1 2.1
40 39.8 99.6 3.4 41.1 102.7 5.3 42.9 107.3 1.4 42.4 106.1 3.9
Lactate 50 55.3 110.5 3.6 52.8 105.6 4.3 56.0 112.0 7.7 67.1 1342 20.4
150 162.4 108.3 2.8 165.8 110.5 2.5 168.2 112.1 4.0 186.6 1244 11.8
400 403.6 100.9 2.0 411.0 102.8 1.9 425.2 106.3 1.2 467.4 1169 10.6
Malate 0.6 0.7 1196 105 0.8 133.4 6.8 0.7 122.8 4.9 0.7 1147 3.0
6 7.1 117.5 2.4 7.4 123.9 6.7 75 125.2 4.1 7.0 116.9 2.8
40 40.1 100.2 3.3 41.9 104.8 4.3 43.8 109.5 1.2 42.3 105.7 5.4
Succinate 5 3.5 69.6 3.4 3.7 73.5 1.7 3.8 75.3 4.0 3.8 76.9 2.6
12 8.8 73.5 2.5 9.1 76.2 2.4 9.2 76.8 1.3 9.7 80.8 1.7
40 30.3 75.7 4.3 28.2 70.4 2.1 27.6 69.0 3.4 30.6 76.5 6.4

Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined twice; n =5 for each QC and time point.



Table S11. Stability of quality controls in surrogate matrix after repeated freezing and thawing.

Exp. Conc. . Mean Accuracy Precision Mean Accuracy Precision Mean Accuracy Precision | Mean  Accuracy Precision
(uM) (uM) (%) (%CV) (uM) (%) (%CV) (M) (%) (%CV) (uM) (%) (%CV)
Freeze/Thaw 1 cycle 2 cycles 3 cycles 4 cycles
Cycles
Itaconate 0.3 0.3 106.8 2.4 0.3 101.4 4.2 0.3 100.7 2.0 0.3 98.6 4.4
3 3.1 101.7 0.9 3.0 100.6 1.2 3.0 98.4 0.9 3.1 103.2 14
80 85.2 106.5 0.7 83.0 103.7 1.3 83.0 103.8 1.6 824 103.0 1.1
Citraconate 0.15 0.1 99.2 1.9 0.2 100.9 1.9 0.2 102.8 5.3 0.1 96.8 2.8
3 3.0 99.7 1.8 3.0 100.5 1.3 2.9 98.2 1.7 3.1 101.7 2.4
40 42.3 105.7 1.2 41.1 102.9 1.2 41.2 103.1 2.5 41.5 103.8 1.0
Mesaconate 0.3 0.3 99.5 4.5 0.3 97.7 5.4 0.3 99.1 9.5 0.3 101.9 5.8
3 3.0 101.1 1.0 3.1 102.0 1.2 3.0 101.5 1.8 3.2 105.1 22
80 84.4 105.6 1.7 83.4 104.3 1.6 82.9 103.6 14 83.1 103.9 1.2
4-Octyl-itaconate 0.03 0.03 104.6 4.3 0.03 1109 10.9 0.03 1134 7.5 0.03 112.7 4.4
0.3 0.3 88.0 3.0 0.3 89.1 2.8 0.3 90.3 2.0 0.3 99.8 1.0
2 2.1 104.4 2.5 2.3 113.5 2.0 2.2 110.6 2.2 2.2 107.7 0.9
cis-Aconitate 0.15 0.1 95.6 14.0 0.1 96.9 5.3 0.1 97.3 3.6 0.1 94.5 34
3 3.0 100.5 1.2 3.0 98.5 0.9 2.9 97.7 1.2 3.0 100.3 1.0
40 42.9 107.3 0.6 41.8 104.6 1.7 41.8 104.6 0.5 423 105.8 14
Citrate 1.2 1.2 103.3 1.6 1.2 100.5 2.3 1.2 98.5 1.5 1.2 101.7 4.5
6 6.3 105.7 0.9 6.1 101.5 0.8 6.1 101.1 1.8 6.2 102.7 14
20 20.7 103.5 15 20.9 104.5 1.6 20.5 102.5 2.2 204 101.9 1.6
Fumarate 5 5.3 105.5 1.6 5.2 103.6 2.0 5.1 102.7 1.7 5.2 104.7 2.1
12 12.9 107.5 1.2 12.4 103.0 0.7 12.4 103.0 2.2 12.9 107.3 1.9
40 43.1 107.9 2.2 44.2 1104 2.4 42.5 106.4 2.1 42.7 106.9 2.2
Isocitrate 0.6 0.6 99.7 0.8 0.6 99.6 3.0 0.6 96.5 4.8 0.6 96.4 5.8
6 6.3 105.0 14 6.2 103.5 2.9 6.4 106.1 1.0 6.2 103.0 2.2
40 41.1 102.7 2.7 40.0 100.0 2.1 39.1 97.7 2.8 41.2 103.0 3.0
Lactate 50 52.6 105.2 3.8 54.7 109.4 3.8 50.4 100.8 6.6 50.1 100.2 54
150 158.2 105.5 2.3 159.0 106.0 6.0 158.4 105.6 0.8 157.0 104.7 1.7
400 428.0 107.0 3.4 407.8 102.0 2.1 415.6 103.9 1.0 423.6 105.9 1.8
Malate 0.6 0.7 110.8 29 0.7 115.0 5.9 0.6 106.2 2.5 0.6 106.4 6.0
6 6.6 109.5 1.5 6.6 109.2 1.7 6.6 110.7 0.4 6.3 105.2 1.4
40 41.6 103.9 2.8 40.2 100.5 2.0 39.3 98.2 2.3 41.1 102.8 1.8
Succinate 5 4.3 85.8 1.8 4.3 86.1 5.1 4.1 82.8 2.0 4.2 83.0 2.2
12 10.7 89.0 1.0 10.6 88.2 0.8 10.6 88.2 3.4 10.4 87.0 2.7
40 38.1 95.4 2.4 39.1 97.8 2.0 37.8 94.5 2.5 37.3 93.3 2.5

Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined twice; n =5 for each QC and time point.
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Table S12. Long-term stability of quality controls in surrogate matrix at —20 °C.

Exp. conc..Mean Accuracy Precision:Mean Accuracy Precision Mean Accuracy Precision;Mean Accuracy Precision Mean Accuracy Precision
M) (uM) (%) (%CV) [ (uM) (%) (%CV)  (uM) (%) (%CV) (uM) (%) (%CV) (uUM) (%) (%CV)
QCs in Surrogate Matrix 6 months 6 months
at —20 °gc for 1week 1 month 2 months (ISTD 13C Succinate) (ISTD 5C Citrate)
Itaconate 0.3 0.3 104.1 2.3 0.3 1131 4.0 0.3 104.4 1.6 0.3 100.7 1.2
3 3.2 106.1 31 3.3 108.2 3.4 3.1 104.4 1.0 3.1 104.4 3.2
80 843 1054 2.8 86.5 1082 3.0 883 1103 1.9 80.2  100.3 2.0
Citraconate 0.15 0.2 104.4 4.5 0.2 101.9 7.5 0.2 106.7 4.7 0.2 97.9 2.5
3 3.1 104.5 2.3 3.2 105.5 3.3 3.1 103.7 1.0 3.2 107.2 2.1
40 424  106.0 3.3 43.6  109.0 3.0 442  110.6 2.2 39.7 99.4 2.1
Mesaconate 0.3 0.3 102.7 4.8 0.3 110.0 2.7 0.3 1107 2.7 0.3 95.9 1.9
3 3.2 105.7 2.7 3.2 107.5 4.1 3.2 105.5 0.7 3.2 106.3 2.8
80 85.3  106.7 3.1 89.1 1114 3.7 885 1107 2.6 80.2  100.3 1.6
4-Octyl-itaconate 0.03 0.03 1157 4.7 0.04 1169 12.1 0.03 1165 2.2 0.03  100.6 7.6
0.3 0.3 102.9 3.4 0.3 84.8 3.0 0.3 102.1 2.0 0.3 92.1 4.4
2 2.3 1125 3.1 2.3 1131 3.6 2.2 1122 2.5 1.7 85.3 3.7
cis-Aconitate 0.15 0.2 97.2 2.5 0.1 98.5 5.6 0.2 101.5 2.9 0.1 96.8 2.0
3 3.1 103.2 2.2 3.2 105.0 2.1 3.1 103.3 3.1 3.0 99.3 3.1
40 43.8  109.5 1.9 442  110.6 3.0 452 1131 3.3 39.5 98.8 0.6
Citrate 12 1.3 105.5 2.6 1.3 104.2 2.3 1.3 105.7 3.6 12 97.2 5.1
6 6.4 106.7 19 6.5 107.8 2.1 6.4 106.9 3.1 6.2 103.3 4.1
20 21.1  105.6 1.9 21.6  108.1 4.1 22.0 1102 3.2 19.0 94.9 2.7
Fumarate 5 5.6 1117 2.0 5.6 1111 1.3 5.5 1107 1.9 4.9 97.0 1.6 5.1 101.2 3.2
12 134 1118 2.3 135 1125 2.7 135 1122 3.2 121 101.0 2.8 129 1075 3.8
40 455 1139 3.2 452 1131 5.3 459 1148 3.2 39.8 99.6 2.8 37.0 92.6 4.0
Isocitrate 0.6 0.6 100.3 2.4 0.6 106.7 5.5 0.6 106.2 4.9 0.7 109.4 3.4
6 6.4 106.5 5.0 6.4 107.0 2.0 6.4 106.9 2.1 6.3 104.3 2.0
40 434  108.6 4.0 421 1053 4.0 442 1104 1.6 37.9 94.8 34
Lactate 50 55.4 110.7 4.3 54.7 109.3 4.1 53.5 107.0 11.4 48.0 96.1 10.4
150 166.2 1108 3.8 165.6 1104 3.3 159.8  106.5 2.6 141.8 94.5 1.7
400 4468 1117 2.2 439.8 110.0 3.3 4478 1120 1.8 367.8 92.0 3.3
Malate 0.6 0.7 108.3 4.1 0.7 1125 54 0.7 1183 8.9 0.6 103.0 7.4
6 6.6 109.8 5.0 6.6 109.5 2.3 6.6 1105 2.7 6.4 106.9 2.7
40 42.8 106.9 3.0 43.0 107.4 2.5 43.7 109.3 2.2 37.7 94.2 2.8
Succinate 5 4.4 87.3 2.6 4.2 84.5 24 4.9 97.3 2.6 4.6 92.2 4.0 4.8 96.4 52
12 10.9 91.0 3.7 10.7 89.0 3.1 12.1 101.0 3.8 11.8 98.2 4.1 12.5 104.5 4.9
40 39.2 98.0 2.7 39.7 99.4 6.2 42.7 106.7 2.4 38.2 95.4 3.2 33.3 83.2 4.6

Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined twice; n =5 for each QC and time point.
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Table S13. Base level concentrations of itaconate isomers and TCA intermediates in
plasma/whole blood from donor C.

Mean Precision Mean Precision
(uM) (%CV) (uM) (%CV)
Plasma Whole Blood
Itaconate <LLOQ <LLOQ
Citraconate 0.39 3.5 0.35 7.8
Mesaconate <LLOQ <LLOQ
4-Octyl-itaconate <LLOQ <LLOQ
cis-Aconitate 3.34 3.9 1.78 7.1
Citrate 123.24 0.9 63.45 44
Fumarate <LLOQ <LLOQ
Isocitrate 40.06 2.6 19.86 6.9
Lactate 1247.20 2.0 898.50 7.1
Malate 10.58 1.4 23.20 7.1
Succinate 4.58 3.7 2.98 3.8

n =5 aliquots from each biosample type.
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Table S14. Stability of spiked-in itaconate isomers and derivatives in plasma from donor C at RT and 4 °C.

Exp. Conc. . Mean  Accuracy Precision Mean  Accuracy Precision Mean  Accuracy Precision Mean  Accuracy Precision
(uM) (uM) (%) (%CV) (uM) (%) (%CV) (uM) (%) (%CV) (uM) (%) (%CV)
.Stablhty OhatRT 8hatRT 24 h atRT 24 hat4°C
in Plasma
Itaconate 0.3 0.3 108.5 2.9 0.3 107.9 2.0 0.3 106.4 2.2 0.3 107.1 1.8
3 3.2 105.6 1.4 3.2 106.2 0.9 3.1 104.0 2.4 3.1 104.4 22
80 82.6 103.3 0.9 81.7 102.1 1.0 82.0 102.6 2.8 81.8 102.3 1.7
Citraconate 0.15 0.1 84.7 16.2 0.0 -30.4 -22.2 0.0 -22.4 -37.2 0.0 4.3 94.4
3 3.0 99.2 3.0 2.0 67.5 3.3 2.1 69.9 3.0 2.2 74.4 2.4
40 40.4 101.1 1.3 39.6 99.0 1.2 40.2 100.6 2.2 39.9 99.8 2.0
Mesaconate 0.3 0.3 90.2 0.0 0.2 57.4 7.5 0.2 57.0 5.4 0.2 63.0 2.0
3 2.7 89.7 0.1 1.9 62.5 2.8 1.9 63.1 1.7 2.0 65.8 1.6
80 84.6 105.8 0.8 81.8 102.2 1.6 82.2 102.8 1.8 81.7 102.1 1.0
4-Octyl-itaconate 0.03 0.03 99.2 4.5 0.02 69.4 3.7 0.02 63.7 4.4 0.02 62.5 12.5
0.3 0.3 94.6 6.5 0.2 71.1 2.5 0.2 63.3 4.2 0.2 63.5 7.1
2 2.0 98.7 2.5 2.0 100.4 2.8 1.9 92.5 3.4 1.8 87.7 8.3

0 h samples were extracted 15 min after spike-in and aliquotation. Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined
twice; n =5 for each QC and time point.
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Table S15. Stability of spiked-in itaconate isomers and derivatives in whole blood from donor C at 37 °C.

Exp. Conc. Mean Accuracy Precision Mean Accuracy Precision Mean Accuracy Precision
(uM) (uM) (%) (%CV) (uM) (%) (%CV) (uM) (%) (%CV)
- ;ﬁ;‘;‘gloo 4 0Ohat37°C 4hat37°C 8hat37°C

Itaconate 0.3 0.3 95.6 3.6 0.3 100.8 5.5 0.3 107.9 6.6

3 2.8 92.7 2.2 2.9 95.8 2.4 3.1 103.3 6.1

80 71.6 89.5 8.0 79.9 99.9 5.6 84.0 105.0 1.9
Citraconate 0.15 0.1 96.8 12.5 0.1 95.3 94.8 0.0 11.6 59.9

3 2.8 93.9 2.8 2.5 84.7 1.3 2.4 80.3 8.2

40 35.4 88.5 8.4 39.6 99.0 5.9 40.9 102.4 3.0

Mesaconate 0.3 0.2 65.6 2.6 0.2 60.9 8.7 0.2 55.6 4.7

3 2.0 68.0 2.0 1.9 64.0 1.0 1.9 63.1 7.2

80 69.5 86.8 8.4 78.6 98.2 6.2 82.1 102.6 2.1

4-Octyl-itaconate 0.03 0.02 66.5 4.0 0.02 61.2 12.6 0.02 51.9 5.0
0.3 0.2 68.6 4.8 0.2 63.1 2.7 0.2 57.8 9.1

2 1.7 85.3 8.7 1.8 92.0 4.8 1.9 94.5 2.3

0 h samples were extracted 15 min after spike-in and aliquotation. Deviations >10% are underlined once; deviations >15%, which do not meet FDA recommendations, are underlined
twice; n =5 for each QC and time point.
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Table S16. Stability of spiked-in TCA metabolites in plasma from donor C at RT and 4 °C.

Exp. Conc.. Mean Accuracy Precision Mean Accuracy Precision Mean Accuracy Precision Mean Accuracy Precision
(uM) (uM) (%) (%CV) (uM) (%) (%CV) (uM) (%) (%CV) (uM) (%) (%CV)
Stability
. OhatRT 8hatRT 24 h atRT 24 hat4°C
in Plasma
cis-Aconitate 0.15 0.3 214.7 42.4 0.7 444.0 11.7 0.7 462.7 11.8 0.1 70.7 1535
3 3.0 99.0 5.3 2.2 71.7 7.7 2.0 65.5 1.1 1.7 57.4 16.8
40 373 93.3 1.8 20.0 50.0 3.0 16.6 414 1.2 19.2 48.0 6.
Citrate 12 -4.5 -376.7 52.0 0.9 73.3 152.5 -0.6 -46.7 436.0 7.9 656.7 56.1
6 1.8 30.0 148.6 7.1 118.7 101.6 0.5 8.0 384.2 23.0 384.0 28.1
20 10.2 50.8 57.9 22.9 114.6 19.1 25.2 126.2 16.6 40.6 203.2 13.5
Fumarate 5 4.3 85.5 9.1 2.6 52.2 11.6 1.5 29.6 29.0 2.4 47.7 12.6
12 12.0 100.3 5.2 8.1 67.5 4.5 47 39.6 7.0 7.8 65.0 10.7
40 41.3 103.2 1.2 30.3 75.8 4.7 21.8 54.6 2.5 29.8 74.6 5.2
Isocitrate 0.6 2.7 456.7 44.7 6.5 1090.0 16.3 8.3 1383.3 12.0 13.4 2236.7 13.2
6 26.5 441.0 5.2 29.7 495.0 11.9 30.9 515.7 3.9 44.6 743.7 7.1
40 155.5 388.8 4.1 164.4 411.0 3.1 169.1 422.9 2.5 206.3 515.9 6.1
Lactate 50 57.2 1144 62.5 185.2 370.4 21.4 2444 488.8 18.4 2852 5704 29.1
150 144.8 96.5 30.9 275.2 183.5 17.6 389.2 259.5 14.5 504.4 336.3 19.3
400 3524 88.1 22.3 483.6 120.9 5.8 548.0 137.0 8.7 703.2 175.8 18.0
Malate 0.6 -1.0 -162.7 43.5 1.6 260.7 30.5 5.5 9113 8.5 3.8 638.7 153
6 8.2 136.7 10.1 13.4 223.0 8.8 19.3 321.0 2.1 19.5 3243 11.5
40 59.7 149.3 3.4 70.8 177.1 2.3 85.1 2129 2.1 87.6 219.1 6.6
Succinate 5 3.1 61.7 9.1 2.9 57.3 13.1 3.3 66.6 3.3 2.7 54.2 7.6
12 7.0 58.7 3.9 6.8 56.5 3.4 7.3 60.9 5.8 6.7 56.0 4.5
40 23.1 7.9 3.3 22.4 56 4.3 22.8 57.0 3.7 23.1 57.7 1.1

0 h samples were extracted 15 min after spike-in and aliquotation. Deviations > 10% are underlined once; deviations > 15%, which do not meet FDA recommendations, are underlined

twice; n =5 for each QC and time point.
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Table S17. Stability of spiked-in TCA metabolites in whole blood from donor C at 37 °C

Exp. Conc. Mean Accuracy Precision Mean Accuracy Precision Mean Accuracy Precision
(uM) (uM) (%) (%CV) (uM) (%) (%CV) (uM) (%) (%CV)
- V\S,;:‘(:’lﬂlgoo q 0Ohat37°C 4hat37°C 8hat37 °C
cis-Aconitate 0.15 0.2 157.3 34.6 1.3 868.0 11.9 14 921.3 12.6
3 2.2 74.5 5.8 2.4 78.6 2.9 2.5 83.9 8.8
40 27.8 69.4 6.7 18.6 46.5 4.4 16.4 409 2.3
Citrate 12 -3.4 -280.8 51.7 -59 -490.8 33.8 -7.4 -617.5 11.2
6 2.1 =35.5 1036 -3.1 -50.8 37.8 -1.6 =26.2 1592
20 5.7 28.8 103.2 15.8 79.2 204 18.4 92.0 6.5
Fumarate 5 4.9 98.5 204 6.9 137.9 5.0 8.7 1731 9.9
12 11.2 93.4 6.7 9.1 76.0 3.5 11.3 94.3 9.2
40 34.0 85.1 10.5 21.9 54.7 7.5 23.7 59.2 6.9
Isocitrate 0.6 5.1 843.3 31.9 16.6 2763.3 9.6 19.1 3183.3 4.9
6 29.3 487.7 8.7 45.0 750.3 1.8 52.1 867.7 8.3
40 134.8 337.0 10.1 200.5 501.4 5.4 234.9 5874 1.7
Lactate 50 573.6 1147.2 5.8 5313.2 10626.4 3.9 9025.2 18050.4 3.0
150 637.6 425.1 10.1 5285.2 3523.5 2.5 9165.2 6110.1 6.0
400 825.2 206.3 13.3 5697.2 1424.3 5.5 9541.2 2385.3 14
Malate 0.6 3.9 646.7 27.7 58.0 9660.0 3.3 99.2 16526.7 5.3
6 11.7 1953 4.1 69.8 1163.3 2.8 112.0 1866.7 7.2
40 64.4 161.0 7.8 154.8 387.0 5.1 196.4 491.0 1.3
Succinate 5 1.8 36.6 9.0 2.8 55.4 11.6 4.0 80.4 9.7
12 5.0 41.9 7.5 5.8 48.0 3.8 7.3 60.8 7.3
40 16.8 421 9.6 20.7 51.8 6.3 22.9 57.3 2.2

0 h samples were extracted 15 min after spike-in and aliquotation. Deviations > 10% are underlined once; deviations > 15%, which do not meet FDA recommendations, are underlined

twice; n =5 for each QC and time point.
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Table S18. Accuracy and precision of QC-H dilutions.

Exp. Conc. Mean Accuracy Precision
(uM) (uM) (%) (%CV)
QC-H 1:10 Diluted Extracted Samples

Itaconate 8 8.5 106.7 1.9
Citraconate 4 4.2 105.8 1.6
Mesaconate 8 8.7 108.9 1.9
4-Octyl-itaconate 0.2 0.2 109.0 2.1
cis-Aconitate 4 4.3 106.2 1.7
Citrate 2 1.9 93.3 2.9
Fumarate 4 4.4 110.2 2.6
Isocitrate 4 4.8 120.9 3.6
Lactate 40 49.6 124.0 5.7
Malate 4 5.7 142.3 2.3
Succinate 4 4.2 106.1 1.8

Deviations > 10% are underlined once; deviations > 15%, which do not meet FDA recom-
mendations, are underlined twice; n = 5.
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