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Supplemental Methods
Extracellular flux determination – Cells were seeded in triplicate at a density of 150,000 or 

250,000 cells/well. After 72 hours, cells were counted by hemacytometer and conditioned 

medium was collected by centrifugation. Glucose and lactate concentrations were measured in 

fresh and spent medium (after 24-72 hours of culture) using a NOVA Biomedical BioProfile 

FLEX Analyzer or a Yellow Springs Instruments (YSI) 7100. Concentrations of glutamine, 

glutamate, 2-hydroxyglutarate, pyruvate, and alanine in fresh and spent medium were 

determined by GC-MS analysis of corresponding methoxime-tBDMS derivatives. Briefly, 25 μl of 

fresh and conditioned medium was extracted in 200 μl of cold 80% methanol (-80oC) containing 

1 �g norvaline to serve as an internal standard. Concentrations were determined by comparing 

total ion counts to a calibration curve generated in parallel. The cell specific growth rate (μ) was 

measured assuming exponential growth and uptake/secretion fluxes (qi) for each of the 

aforementioned metabolites were quantified as follows: 
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Where Ci and X represent the concentration of the ith metabolite and the cell density, 

respectively. The spontaneous first-order degradation of glutamine to ammonia and 

pyrrolidonecarboxylic acid was estimated to be 0.002 h-1 and included in the calculation of the 

cellular uptake flux of glutamine (1, 2). 
Gas chromatography mass spectrometry (GC-MS) analysis – Extracted polar metabolites were 

derivatized to form methoxime-tBDMS derivatives by first dissolving the evaporated samples in 

20 μl of 2% (w/v) methoxylamine hydrochloride (MP Biomedicals, Solon, OH) in pyridine and 

incubating at 37oC for 60-90 minutes. Samples were then silylated by addition of 30 μl of N-tert-
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butyldimethylsily-N-methyltrifluoroacetamide (MTBSTFA) with 1% tert-butyldimethylchlorosilane 

(tBDMS) (Regis Technologies, Morton Grove, IL) and incubated at 37oC for 30-45 minutes. 

Samples were centrifuged at 14,000 rpm for 5-15 minutes and clarified supernatant was 

transferred to GC sample vials for analysis. Extracted nonpolar metabolites were esterified to 

form fatty acid methyl esters (FAMEs) by adding 500 μl of 2% (w/v) H2SO4 in methanol and 

incubating at 50oC for 90-120 minutes. The reactions were quenched with 100 μl of saturated 

NaCl solution and FAMEs were extracted with two hexane washes. Extracted hexanes were 

evaporated to dryness at room temperature, dissolved in 50-100 μl of hexane, and transferred 

to glass GC vials for analysis. Derivatized samples were analyzed by GC-MS using a DB-35MS 

(30m x 0.25mm i.d. x 0.25μm, Agilent J&W Scientific) installed in an Agilent 7890A gas 

chromatograph (GC) interfaced with an Agilent 5975C mass spectrometer (MS) operating in 

electron impact mode scanning over the range 100-650 m/z for methoxime-tBDMS derivatives 

and 100-350 m/z for FAMEs. The GC oven temperature methods for methoxime-tBDMS and 

FAME derivatives were run as previously described (3).

Metabolic Flux Analysis (MFA)

Metabolite fragment ions used for GC-MS analysis:
Metabolite Carbons Formula Mass (m/z)
Pyruvate 123 C6H12O3NSi 174
Lactate 23 C10H25O2Si2 233
Lactate 123 C11H25O3Si2 261
Citrate 123456 C20H39O6Si3 459
Citrate 123456 C26H55O7Si4 591
aKG 12345 C14H28O5NSi2 346
Succinate 1234 C12H25O4Si2 289
Fumarate 1234 C12H23O4Si2 287
Malate 1234 C18H39O5Si3 419
Alanine 23 C10H26ONSi2 232
Alanine 123 C11H26O2NSi2 260
Aspartate 12 C14H32O2NSi2 302
Aspartate 234 C17H40O3NSi3 390
Aspartate 1234 C18H40O4NSi3 418
Glutamate 12345 C17H36O2NSi2 330
Glutamate 12345 C19H42O4NSi3 432
Glutamine 12345 C19H43O3N2Si3 431
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2-HG 12345 C19H41O5Si3 433
Palmitate 1-16 C17H34O2 270

13C metabolic flux analysis was conducted under the following assumptions:

1. Cells were assumed to be at metabolic and isotopic steady state, i.e. intracellular free 

metabolite pool size and 13C enrichments are constant. 

2. Per cell extracellular flux of glucose, lactate, glutamine, glutamate, pyruvate, 2-HG, and 

alanine were assumed to be constant over the course of the labeling experiment.

3. Cells were assumed to grow exponentially.

4. Succinate and fumarate are structurally symmetric and can be enzymatically converted to 

their subsequent products in either configuration.

5. Labeled CO2 released during decarboxylation reactions is diluted upon release and does not 

reincorporate during carboxylation reactions. 

6. Separate mitochondrial and cytosolic pools of aspartate, malate, fumarate, pyruvate, and 

acetyl-CoA were modeled with exchange fluxes for malate and pyruvate.  The pool of 

succinate was comprised of an unlabeled dilution pool and a metabolically active pool (4).

7. Malic enzyme flux was assumed to be primarily mitochondrial, as minimal labeled lactate 

was detected from [U-13C5]glutamine.  Alanine exhibited more significant label from [U-

13C5]glutamine and the mitochondrial flux enabled us to address this discrepancy.

8. The extracellular flux of 2-HG was calculated assuming that all 2-HG produced by the cell is 

secreted.

9. Relative branching of glucose flux to the oxidative pentose phosphate pathway (PPP) 

relative to glycolysis was determined via the M1/M2 lactate ratio in HCT116 parental and 

IDH1 R132H/+ (2H1 clone) cells cultured in either normoxia or hypoxia with [1,2-

13C2]glucose. 
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Abbreviations used in Tables S1-S4: 2-HG, 2-hydroxyglutarate; 2-HG.x, 2-hydroxyglutarate 

secretion; 3PG, 3-phosphoglycerate; AcCoA.m, mitochondrial acetyl-coenzyme A; AcCoA.c, 

cytosolic acetyl-coenzyme A; aKG, alpha-ketoglutarate; Ala, alanine; Ala.x, alanine secretion;

Asp.c, cytosolic aspartate; Asp.m, mitochondrial aspartate; Cit, citrate; CO2, carbon dioxide; 

DHAP, dihydroxyacetone phosphate; E4P, erythrose 4-phosphate; F6P, fructose 6-phopsphate; 

Fum.c, cytosolic fumarate; Fum.m, mitochondrial fumarate; G6P, glucose 6-phosphate; GAP, 

glyceraldehyde 3-phosphate; Glc.x, glucose uptake; Gln, glutamine; Gln.x, glutamine uptake; 

Glu, glutamate; Glu.x, glutamate secretion; Lac, lactate; Lac.x, lactate secretion; Mal.c, cytosolic 

malate; Mal.m, mitochondrial malate; P5P, ribose 5-phosphate; Palm.d, dilution/already present 

Palmitate; Palm.s, de novo synthesized Palmitate; Pyr.c, cytosolic pyruvate; Pyr.m, 

mitochondrial pyruvate; Pyr.x, pyruvate secretion; S7P, sedoheptulose 7-phosphate; Suc, 

succinate; Suc.d, succinate dilution.

Determination of Oxygen Consumption – HCT 116 cells were grown at either normoxia or 

hypoxia (3% O2) and respiration was measured under these conditions using an XFe96 analyzer 

(Seahorse Bioscience). All cell growth and assays at 3% O2 were conducted using the Coy Dual 

Hypoxic Chambers for Seahorse XFe Analyzer (Coy Laboratory Products, Inc.). See set-up

pictured below:

  

Parental cells or IDH1 mutant cells were maintained in DMEM + 10% (v/v) fetal bovine 

serum + 2 mM GlutaMAX + 100U/mL penicillin���������	
��������������������������������-
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well XF assay plates subsequently kept at normoxia (parental - 1.75x104 cells/well; IDH1 

mutants – 2.0x104 cells/well) or hypoxia (parental - 1.25x104 cells/well; IDH1 mutants – 1.5x104

cells/well). After two days, medium was changed to DMEM supplemented with 10 mM glucose, 

4 mM glutamine, and 1.5 mM pyruvate prior to conducting the assay.   

Respiration under hypoxia was measured using Wave 2.0 software with the XFe96 in 

Hypoxia Mode and the oxygen tension set to 3%. 250 mM sodium sulfite was added during the 

course of the experiment to provide a zero-point calibration of the system. Medium was buffered 

with 44 mM NaHCO3, as the hypoxia chamber enclosing the instrument contained 5% CO2.

Respiration data under normoxia was obtained both on the benchtop (medium buffered with 10 

mM HEPES) and in the Coy chamber, with bicarbonate-buffered medium and the oxygen 

tension set to 20.7% O2. The respiration data collected in the chamber and on the benchtop 

showed no qualitative difference, so the values were pooled for analysis.  Five independent, 

biological replicates were conducted with 10 technical replicates per cell line. Immediately after 

the assay, total cell protein was calculated by lysing cells in 20uL/well RIPA buffer and protein 

was calculated using the bicinconinic acid (BCA) assay. All oxygen consumption values were 

normalized to microgram of total cell protein. 

ATP-linked respiration was determined by the amount of oxygen consumption sensitive 

����	
������
omycin. Maximal respiration was determined under normoxia as the amount of 

respiration stimulated by the protonophore FCCP (added in subsequent injections for final 

concentrations of 500 nM and 750 nM in the medium). Non-mitochondrial respiration was 

deter������ ��� �������
� ����� �������������� ��������� ���������� ����� �� 	�� ��������� ���� �� 	��

antimycin A. The ratio of maximal respiration to ATP-linked respiration (i.e. the respiratory 

capacity) was also determined. Uncoupler-stimulated respiration was not calculated under 3% 

O2 because the well reached anoxia during the measurement phase.
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Statistical analysis was conducted on the raw data by analysis of variance (ANOVA) of 

repeated measurements with Dunnett’s post-hoc test (p<0.05). All respiration data are 

presented as mean +/- S.E.M.  

Biomass Equation – In order to quantify the per cell dry weight, 18-20 million HCT116 cells were 

pelleted by centrifugation and washed three times with cold acetone (-80oC) to remove free 

metabolites. Cell pellets were then evaporated to dryness overnight and weighed. The dry 

weight per cell was estimated to be approximately 400 pg. The dry cell mass composition (in 

%w/w) was estimated from the literature for hybridomas (5, 6) and the stoichiometric coefficients 

(in fmol/cell) were determined by multiplying the biomass composition by the per cell dry weight 

(7).

RNA Interference and LC-MS analysis of citrate – IDH1/2 shRNAs were generated in pLKO-

based lentiviral vectors containing a tetracycline-inducible promoter as described previously (8).

The targeting sequences for the IDH1/2 shRNAs were as follows: IDH1 shRNA A, 

GGAATCCGGAATAAATACTAC; IDH1 shRNA B, GCCTGGCCTGAATATTATACT; IDH2 

shRNA A, GTGGACATCCAGCTAAAGTAT; IDH2 shRNA B, CACCATACTGAAAGCCTACGA. 

The indicated cells lines were transduced with these shRNAs or a nontargeting control (NTC). 

After viral transduction, 0.6 �g/ml puromycin was added to select for polyclonal pools of cells 

with stable integration of the shRNA constructs. For all experiments, cells were grown in the 

presence of 100 ng/ml doxycycline where noted for the indicated number of days to induce 

shRNA expression. Quantitative PCR (qPCR) was performed as previously described (8).

HCT116 Parental cells with NTC or IDH1/2 shRNA were cultured in glutamine free 

DMEM media supplemented with [U-13C5]glutamine under normoxia and hypoxia (1% oxygen).

Cell pellets were lysed in 80% methanol in water (4:1 v/v) via 3 cycles of freeze-thawing in liquid 

nitrogen. Supernatants of the cell extracts were dried down and reconstituted in water for LC-
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MS/MS analysis. Citrate 13C-labelled isotopologues were quantified using LC-MS/MS with an 

API4000 triple quadruple MS system (AB Sciex, Framingham, MA). Analytes of interests were 

individually tuned and the most sensitive MRM was selected for quantification. Citrate was 

separated on Phenomenex Luna PFP 2x150mmc column, 3�m particle size with 0.1% formic 

acid in water as mobile phase A (MPA) and 0.1% formic acid in acetonitrile as mobile phase B 

in a 7 minute gradient from 100% MPA to 90% MPA. The retention times were verified using 

authentic standards. Contributions from natural isotope distribution and mass spec cross-talk 

from isotopologues that are within 2 Da have been corrected for the data presentation.

Generation of �0 Cells – To generate �0 cells, cells were grown in DMEM with 10% fetal bovine 

serum, 100�g/ml uridine, 1mM sodium pyruvate and 50 ng/ml ethidium bromide for 4-6 weeks. 

To ensure inactivation of mitochondrial DNA, cells were cultured in DMEM without glucose, with 

10% dialyzed fetal bovine serum and 25mM galactose; no surviving cells after 48 hours 

confirmed the of inactivation of mitochondrial DNA.

Growth-inhibition assay – Cells (HT-1080 or SW1353) were plated at 3000 or 6000 cells per 

well in a 96-well plate. Each 96-well plate contained six replicates of treatment concentration 

gradient, vehicle control, and background control. Cells were allowed to attach overnight and

phenformin- (Fluka) or vehicle- (DMSO, Sigma) containing media was added after 

approximately 16 hours. Following 48 hour incubation, media was removed and cells were fixed 

with ice-cold 4% paraformaldehyde (Electron Microscopy Sciences) in PBS for 15 minutes at 

room temperature. Then, 0.9% (w/v) crystal violet (Sigma) in water was added to each well and 

incubated for 8-10 minutes at room temperature. Crystal violet solution was removed and plates 

were washed and allowed to dry overnight. Absorbed dye was dissolved in a 4:1:1 
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ethanol:methanol:water mixture and the absorbance was measured at a fixed wavelength of 

595 nm. Measured absorbance was background-corrected and normalized to vehicle control.

Xenograft studies – Cells tested were free of mycoplasma and viral contamination in the 

IMPACT 1 PCR assay panel (RADIL, MU Research Animal Diagnostic Laboratory, Columbia, 

MO).  For xenograft growth analysis, 2x106 cells were injected subcutaneously in a suspension 

in PBS (cat# 17-516F, Lonza) solution. The total injection volume containing cells in suspension 

was 200 �l. For cell implantation, mice were anesthetized with continuous flow of 1.5-3.5% 

isoflurane/oxygen mixture using the integrated multi chambers anesthesia center (IMCAC) and 

induction chamber (Vetequip, Inc. Pleasanton, CA). Animal wellbeing and behavior, including 

grooming and ambulation were monitored twice daily.  Individual tumor volumes were measured 

twice a week by manual calipers and data collected in the Abivo data capture package.  Tumor 

!��������������������������"���
���$������'�=�$�>����?��\���!��������������
����"^_=������

measured twice a week.  The percent change in BW was calculated as (BWcurrent-

BWinitial)/BWinitial x100.  

For in vivo glutamine infusion studies, Parental HCT116, HCT116 IDH1 R132H/+ 2H1, 

or HCT116 IDH1 R132C/+ 2A9 cells were suspended in sterile PBS, and injected at 5 × 106, 5 x 

106, or 10 x 106 cells, respectively, into the flanks of nu/nu mice. Tumor growth was monitored 

by caliper measurement in two dimensions and tumor volume was estimated by the equation V 

= (�/6)(L*W2). Mice were prepared for glutamine infusions when tumors reached a minimum

diameter of 0.8cm. Chronic venous catheters were implanted into the jugular vein of animals 

with xenograft tumors 5-7 days before performing glutamine infusion experiments. After surgical 

recovery, mice were fasted overnight before [1-13C]-glutamine was reconstituted in saline and 

infused into conscious mice for 360 min following a bolus to achieve steady-state enrichments, 

as previously reported (9). Next, mice were anesthetized with sodium pentobarbital injection and 
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tissue harvested within 5 minutes, snap frozen in liquid nitrogen using Biosqueezer (BioSpec

Products), and stored at -{�|}�~���������������������������������������$��������?������������

procedures followed protocols approved by MIT’s Committee on Animal Care. Data are 

expressed at means + SEM. 

Metabolites were extracted by finely grinding tissue at liquid nitrogen temperatures using 

a Retsch Cryomill. Tissues were resuspended in 3:1:2 methanol, water, chloroform and phase 

extracted. Polar metabolites were dried under nitrogen gas and frozen at -80|C for subsequent 

derivitization and analysis by gas-chromatography mass-spectrometry.

Synthesis of IDH1i A

OH
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A mixture of 2-fluorobenzaldehyde (250 mg, 2.014 mmol) and 3-chloro aniline (257 mg, 2.014 

mmol) was stirred at room temperature in a 50 mL reaction tube for 30 minutes. The resulting 

beige solid was dissolved by the addition of toluene (8 ml) and warming at 60 °C. 2-

(methoxycarbonyl(methyl)amino)-acetic acid (296 mg, 2.014 mmol) and cyclohexylisocyanide 

(0.250 ml, 2.014 mmol) were added and the reaction stirred at 60 °C for 20 hours. The resulting 

amber solution was cool to room temperature and poured into water. The aqueous mixture was 

extracted with CH2Cl2 and organic layer was washed with brine, dried over MgSO4 and

concentrated under reduced pressure to give a brown oil. The crude material was purified via 

HPLC (Sunfire Prep C18 column, OBO 5um, 19x100 mm, 10-80% acetonitrile /water gradient 

over 15 min) to give methyl (2-((3-chlorophenyl)(2-(cyclohexylamino)-1-(2-fluorophenyl)-2-

oxoethyl)amino)-2-oxoethyl)(methyl)carbamate as a white solid (110 mg).
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The enantiomers of this compound were separated via chiral HPLC (Chirapak IA column, 5um 

particle size, 20x250 mm, 20% MeOH + 5mM NH4OH in CO2) To give the individual 

enantiomers: 

(R)-methyl (2-((3-chlorophenyl)(2-(cyclohexylamino)-1-(2-fluorophenyl)-2-

oxoethyl)amino)-2-oxoethyl)(methyl)carbamate: 25 mg, white solid, HPLC (chiral prep) tR = 1.85 

����"����������=?��������������������������������������"�=�����������������������

comparison of the biochemical activity versus the enantiomer below and comparison of these 

results to the results of an analogous set of compounds prepared in a chirally specific manner. 

This enantiomer is less active than the (S) enantiomer, and was not used for these studies.

(S)-methyl (2-((3-chlorophenyl)(2-(cyclohexylamino)-1-(2-fluorophenyl)-2-

oxoethyl)amino)-2-oxoethyl)(methyl)carbamate: 17 mg, , white solid, HPLC (chiral prep) tR =

�?�������"����������=?�1H NMR (400 MHz, CD2Cl2) (mixture of rotamers) � 7.12-7.33 (m, 4H), 

6.88-7.12 (m, 4H), 6.37 (s, 0.6H), 6.34 (s, 0.4H), 6.18 (d, J = 7.53 Hz, 0.6H), 5.72 (d, J = 7.53 

Hz, 0.4H), 3.68-3.96 (m, 3H), 3.70 (s, 2H), 3.63 (s, 1H), 2.92 (s, 2H), 2.89 (s, 1H), 1.84-2.12 (m, 

2H), 1.58-1.84 (m, 4H), 1.05-1.46 (m, 4H); 13C NMR (101 MHz, CD2Cl2) major rotamer �

169.19, 167.67, 161.41 (d, J = 247 Hz), 157.70, 140.13, 134.73, 132.26 (d, J = 3 Hz), 131.16 (d, 

J = 8 Hz), 130.48, 129.15, 129.18, 128.73, 124.36 (d, J = 3 Hz), 122.10 (d, J = 14 Hz), 115.59 

(d, J = 22 Hz), 58.68, 53.15, 52.40, 49.37, 35.99, 33.10 (2C), 25.95, 25.41, 25.30, minor 

rotamer � 169.00, 167.83, 161.35 (d, J = 247 Hz), 157.07, 139.93, 134.73, 131.89 (d, J = 3 Hz), 

131.25 (d, J = 8 Hz), 130.48, 129.15, 129.18, 128.73, 124.54 (d, J = 3 Hz), 121.81 (d, J = 13 

Hz), 115.67 (d, J = 21 Hz), 58.32, 52.96, 51.76, 49.30, 36.14, 33.18 (2C), 25.87, 25.25, 25.16; 

HRMS (ESI-MS) m/z calcd for C25H29ClFN3O4 [M + H]+ 490.1909, found 490.1884; HPLC tR

= 2.70 min. This compound was presumed to be the (S) enantiomer based on a comparison of 

the biochemical activity versus the enantiomer below and comparison of these results to the 

results of an analogous set of compounds prepared in a chirally specific manner. For the studies 
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presented in this paper, only the (S) enantiomer was used. Biochemical assays using IDH1i A 

were performed as previously described (10).
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Supplementary Figures and Tables

Figure S1: Isogenic IDH1 mutation compromises metabolic reprogramming under 

hypoxia. (A, B, C and D) �-Ketoglutarate (A), Fumarate (B), Malate (C) and Aspartate (D)

MIDS labeling from [U-13C5]glutamine for HCT116 Parental and HCT116 IDH1 R132H/+ clone

2H1 cells cultured in normoxia or hypoxia (2% oxygen) for 72 hours.

Figure S2: Simulated and measured uncorrected MIDs. Simulated and measured 

uncorrected MIDs; outside and inside (black-outlined) bars, respectively; for HCT116 parental

and HCT116 IDH1 R132H/+ 2H1 cells cultured in either hypoxic (2%) or normoxic (21%) 

conditions. Simulated MIDs were extracted from best model fit listed in Tables S1-S4.

Figure S3: Compromised Reductive TCA Metabolism is specific to cells with mutant IDH1.

(A) Relative level of reductive glutamine metabolism, determined by M5 labeling of citrate 

normalized to M5 labeling of glutamate from [U-13C5]glutamine in HCT116 Parental cells with or 

without 10mM 2-HG, or HCT116 IDH1/2-mutant isogenic cells cultured in normoxia or hypoxia 

(2% oxygen) for 72 hours. (B) M6 labeling of citrate from [U-13C5]glutamine  in cells cultured as 

in Figure S3A. (C and D) Relative levels of IDH1 and IDH2 mRNA and protein from cells 

cultured as in Figure 2F. (E) Relative level of glutamine reductive carboxylation, determined by 

M5 labeling of citrate normalized to M5 labeling of glutamate from [U-13C5]glutamine of cells 

cultured as in Figure 2G.

Figure S4: Cells with endogenous IDH1 and IDH2 mutations respond differently to 

mitochondrial stress. (A) Glutamine reductive metabolism, as determined by M5 labeling of 

citrate relative to M5 labeling of glutamate from [U-13C5]glutamine in cells cultured as in Figure

3A. (B) Relative level of oxidative TCA flux, determined by M3 labeling of �KG relative to M5 

labeling of �KG from [U-13C5]glutamine in A549 and 143B wild-type or �0 cells. (C) Relative level 
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of oxidative TCA flux, determined by % M3 labeling of �KG from [U-13C5]glutamine in A549 and 

143B wild-type or �0 cells. (D) Relative level of oxidative TCA flux, determined by M3 labeling of 

�KG relative to M5 labeling of �KG from [U-13C5]glutamine in HT-1080 and SW1353 wild-type or 

�0 cells. (E) Relative level of oxidative TCA flux, determined by % M3 labeling of �KG from [U-

13C5]glutamine in HT-1080 and SW1353 wild-type or �0 cells. (F and G) Relative level of 

pyruvate carboxylase activity, as determined by M1 labeling of aspartate (F) and malate (G)

from [3-13C]glucose in HT-1080 and SW1353 wild-type or �0 cells.

Figure S5: Inhibition of mutant IDH1 does not rescue reprogramming of TCA metabolism. 

(A) mRNA levels of EMT markers (which have been previously shown to be modulated by 2-HG 

levels (8)) in HCT116 IDH1 R132H/+ 2H1 and HCT116 IDH1 R132C/+ 2A9 cells which were 

cultured in the presence or absence of 10�M IDH1i A for 28 days. Expression is normalized to 

DMSO control for each cell line. (B-D) �KG (B), Malate (C), and Aspartate (D) MID labeling from 

[U-13C5]glutamine from cells cultured as in Figure 5D. (E) Citrate MID labeling from [U-

13C5]glutamine from HCT116 Parental cells cultured in the presence or absence of 10�M of 

IDH1i A for 3 or 12 days, the final 72 hours of which the cells are grown in hypoxia (2% oxygen).

(F) �KG/citrate ratio from cells cultured as in Figure S5E.

Figure S6: Cells expressing mutant IDH1 are sensitive to pharmacological inhibition of 

mitochondrial oxidative metabolism. (A) Growth curves for HCT116 Parental and IDH2

mutant xenografts. (B) Maximal respiration rate for the indicated cells in Normoxia. (C)

Respiratory capacity (ratio of maximal respiration to ATP-linked respiration) of the indicated 

cells in Normoxia. (D) Representative trace of oxygen consumption rates in Normoxia for the 

indicated cell lines. Data is presented as percentage of HCT116 Parental cells setting the third 

measurement as 100%. (E) Representative trace of O2 levels for HCT116 IDH1 R132H/+ 2H1

cells in Normoxia. Data is presented as percentage of background. (F) Representative trace of 
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oxygen consumption rates in Hypoxia (3% O2) for the indicated cell lines. Data is presented as 

percentage of HCT116 Parental cells setting the third measurement as 100%. (G)

Representative trace of O2 levels for HCT116 IDH1 R132H/+ 2H1 cells in Hypoxia (3% O2). 

Data is presented as percentage of background. (H) Growth charts from cells cultured as 

indicated. Images were acquired every 12 hours to measure confluency. (I) Relative level of 

oxidative TCA flux, determined by M3 labeling of �KG relative to M5 labeling of �KG from [U-

13C5]glutamine in HCT116 parental, HCT116 IDH1 R132H/+ 2H1, or HCT116 IDH1 R132C/+ 

2A9 cells cultured in the presence or absence of 100nM Rotenone for 72 hours. (J) Reductive 

glutamine metabolism, determined by M5 Citrate labeling from [U-13C5]glutamine of cells 

cultured as in Figure S6I. (K) Ratio of �-ketoglutarate to citrate from cells cultured as in Figure

S6I. (L) Relative level of oxidative TCA flux, determined by %M3 �KG labeling from [U-

13C5]glutamine from cells cultured in the presence or absence of 1�M Rotenone or 1�M

Antimycin for 6 hours. (M and N) Reductive glutamine metabolism, determined by M3 Fumarate 

(M) and Malate (N) from [U-13C5]glutamine of cells cultured as in Figure S6L. (O) M4 labeling of 

Succinate from [U-13C5]glutamine from cells cultured as in Figure S6L. (P and Q) Growth charts 

from cells cultured as indicated. Images were acquired every 12 hours to measure confluency. 

(R) Average IC50’s of the CCLE cell panel across all compounds tested. HT-1080 and SW1353 

are indicated. Dotted lines represent +/- 1 standard deviation (SD), and +/- 2 SD.
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