


Figure S1. Related to Figure 1. (A) Immunofluorescence staining for markers of 
hESCs (OCT4, SOX2), definitive endoderm (DE) (SOX17, FOXA2), mesoderm 
(HNF4a, ISL1), neural progenitor cells (NPC) (SOX1, PAX6) and pre-neural crest 
cells (NCSC) (PAX3, SOX1). Micron bars, 100 µm. (B) Flow cytometry analysis 
of hESCs, DE, mesoderm, NPC and NCSC. Cells were probed with antibodies 
for OCT4 and SOX2. The percentage of positive cells is indicated in each 
quadrant. (C) Multidimensional scaling analysis of transcript levels measured by 
RNA-seq of cell types from this study and three equivalent, publicly available 
data sets. Analysis was performed on either paired-end or single-end data sets 
as indicated. Shapes indicate cell source and color indicates cell type. Cell types 
that cluster based on identity are enclosed in a black oval shape. (D) Doubling 
time calculations in hours (hr) for hESCs, DE, mesoderm (Meso), NPC and 
NCSC. Cells were plated and cultured under normal growth conditions and 
collected after 2, 3 and 4 days, for hESCs, DE and Meso, or after 4, 5 and 6 days, 
for NPC and NSCS. Each time point was repeated in triplicate and each replicate 
was counted 4 times (n=36). Error bars represent the standard deviation. (E) 
Percentage of cells in the indicated cell cycle phase for hESCs, DE, Meso, NPC 
and NCSC. The X-axis indicates DNA content of the cell through FxCycle dye 
staining and the Y-axis represents incorporation of the nucleotide analog EdU 
after a brief pulse period (indicative of S-phase cells). 

	
  





Figure S2. Related to Figure 2. (A) Total 13C-carbon flux through glycolytic 
intermediates, lactate, alanine, acetyl-CoA and acetate over 4 hr in the indicated 
cell types. Units are nmol/hr standardized to 25 million cells with arrow color 
corresponding to bar color in the plot for each reaction. Error (+/-) represents the 
standard deviation. All experiments were performed in biological triplicate. (B) 
qRT-PCR heat map showing relative transcript levels for MYC, NMYC and 
representative metabolic 'switch' transcripts (HK1 through to TALDO1).  Samples 
were analyzed at different stages of neural progenitor cell differentiation: pre-
neural progenitor cells (pre-NPC) d2-5, neural progenitor cells d6-8, floor plate 
precursor cells d9-14. (C) qRT-PCR analysis of hESCs and NPC differentiation 
samples as in (B). Levels of PAX6 and floor plate neuron precursor (FOXA2, 
LMXA1) transcripts are shown. (D) 13C-glucose metabolic flux analysis where 
metabolite levels after 4 hr of labeling of hESCs and NPC differentiation samples 
as in (B). All experiments were performed in biological triplicate. Error bars 
represent the standard deviation. **** p<0.0001, *** p<0.001, ** p<0.01 for one-
way ANOVA. 

	
  





Figure S3. Related to Figure 3. (A) Immunofluorescence staining of WAO9 
hESCs and WAO9-derived definitive endoderm (DE) and neural progenitor cells 
(NPCs); see Figure 3B, E, and H. (B) qRT-PCR heat map analysis of 
pluripotency, endoderm mesoderm and ectoderm markers in WA09 hESCs 
treated with 2-DG, BrPA, and DCA treated cells relative to control treated cells. 
(C) Mesoderm (Meso) cells were analyzed by qRT-PCR analysis to determine 
transcript levels relative to WA09 hESCs and, (D) immunostained and probed for 
indicated antibodies then, (E) scored for the % of cells expressing NKX2.5 and 
ISL1. (F-I) Galactose and fructose rescue inhibition of hexokinase in NPCs. 
WA09 cells were transitioned onto glucose-free base media substituted with 17.5 
mM glucose, or 17.5 mM galactose, or 17.5 mM fructose over a single passage 
(5 days). Cells were then maintained under these conditions for an additional 
passage (5 days), then differentiated to NPCs. (F) Doubling times in hours (hr) 
for NPCs cultured in glucose, galactose and fructose growth conditions. Cells 
were counted on day 4, 5 and 6. Each time point was repeated in biological 
triplicate and each replicate was counted 4 times (n=36). (G) Glucose-, 
galactose- or fructose-grown hESCs were plated and grown under NPC 
differentiation conditions with their respective carbon sources for 24 hr. The cells 
were then further differentiated for an additional 5 days in glucose, galactose or 
fructose-based NPC media with vector alone or with 2-DG (2.2 mM) or BrPA (17 
µM). On the day of harvest, cells were labeled with 13C-glucose, 13C-galactose, 
or 13C-fructose for 4 hr, as indicated. NMR-based metabolic flux analysis was 
standardized to 25 million cells per sample. (H) PAX6 and SOX1 
immunofluorescence analysis on cells cultured under NPC conditions in the 
presence or absence of 2-DG and BrPA and, in the presence of different carbon 
sources. (I) qRT-PCR transcript analysis of PAX6 and SOX1 in samples 
corresponding to those on (G,H). **** p<0.0001, *** p<0.001, ** p<0.01 for one-
way ANOVA. Micron bars, 100 µm. See also Figures S4 and S5.  

	
  





Figure S4. Related to Figure 3. (A) Percentage of neural progenitor cells (NPC) 
in different cell cycle phases when grown on glucose-free base media substituted 
with 17.5 mM glucose, or 17.5 mM galactose, or 17.5 mM fructose, as in Figure 
S3F. X-axis indicates cell DNA content by FxCycle dye staining and the Y-axis 
indicates cells in S-phase through incorporation of the nucleotide analog EdU, 
after a 2 hr pulse period. (B) 13C-glucose metabolic flux analysis over 4 hr in 
hESCs, definitive endoderm, nascent mesoderm (Meso) and early ectoderm 
(NPC). 24 hr after plating, cells were cultured for a further 3 days (hESCs, DE 
and Meso) or 5 days (NPC and NCSC) in the presence of dichloroacetic acid 
(DCA, 2.5 mM) where indicated. Units of 13C-flux are µmol, standardized to 25 
million cells. Error bars represent the standard deviation. Cells were 
immunostained and probed for indicated antibodies, then scored for % cells 
expressing lineage markers and analyzed by qRT-PCR analysis to determine 
transcript levels in WA09 hESCs (C-E), NPC (F-H), DE (I-K) or Meso (L-N). **** 
p<0.0001, *** p<0.001, ** p<0.01 for one-way ANOVA. All experiments were 
performed in biological triplicate. Error bars represent the standard deviation. 
Micron bars, 100 µm. See also Figures S3 and S5.  

	
  





Figure S5. Related to Figure 3. (A-H) WA09 hESCs were aggregated and 
cultured in 10% fetal bovine serum for 16 days to induce embryoid body 
differentiation as a control CTL (A-B), or in the presence of 2-deoxyglucose (2-
DG, 2.2 mM)(C-D), 3-bromopyruvate (BrPA, 17µM)(E-F) or dichloroacetic acid 
(DCA, 2.5 mM)(G-H). (A, C, E and G) qRT-PCT heat map analysis of lineage 
markers analyzed every 2 days of embryoid body differentiation for the conditions 
indicated. (B, D, F and H) Bright field images were taken every 2 days of 
embryoid body differentiation for the conditions indicated. Micron bars, 200 µm 
See also Figures S3 and S4.  

	
  





Figure S6. Related to Figure 5. (A) Immunofluorescence analysis of WA09-
derived definitive endoderm (DE) or DE derived from a WA09 line carrying a 
MYC-ER transgene cultured with or without 4-hydroxytamoxifen (4OHT; 1 µM), 
for the final 48 hours of differentiation. Cells were probed with antibodies for 
SOX17, FOXA2 and counterstained with DAPI. (B) Experimental scheme where 
a MYC-ER transgene is under control of 4OHT. (C) Immunofluorescence 
analysis of WA09-derived mesoderm (Meso) or Meso derived from a WA09 line 
carrying a MYC-ER transgene cultured with or without 4-hydroxytamoxifen 
(4OHT; 1 µM), for the final 48 hours of differentiation. Cells were probed with 
antibodies for NKX2.5, ISL1 and counterstained with DAPI. (D) Enzyme activity 
assays for hexokinase, pyruvate kinase and lactate dehydrogenase 
corresponding to samples described in (B). (E) 13C-glucose NMR metabolic flux 
analysis following 4 hr labeling. (F) qRT-PCR analysis of metabolic genes for 
samples described in (B). **** p<0.0001, *** p<0.001, ** p<0.01 for one-way 
ANOVA. All experiments were performed in biological triplicate. Error bars 
represent the standard deviation. Micron bars, 100 µm. 

	
  





Figure S7. Related to Figure 6. (A) qRT-PCR analysis of transcripts in 
untreated WA09 hESCs and WA09 hESCs transduced with lentivirus expressing 
shRNA for GFP shRNA, MYC shRNA#1, co-expressing MYC shRNA#1 and 
MYCN shRNA#1, or co-expressing MYC shRNA#2 and MYCN shRNA#2 for 3 
days. (B) Immunofluorescence of pluripotency markers in hESCs and hESCs 
transduced with lentivirus expressing GFP shRNA, co-expressing MYC shRNA#1 
and MYCN shRNA#1, or co-expressing MYC shRNA#2 and MYCN shRNA#2 for 
3 days. Cells were probed with antibodies for OCT4 and SOX2 then 
counterstained with DAPI. (C) qRT-PCT heat map analysis of lineage marker and 
metabolic 'switch' transcripts of hESCs transduced with lentivirus as in (B). (D) 
13C-glucose metabolic flux analysis of hESCs transduced with lentivirus as in (B). 
(E) Immunofluorescence of pluripotency markers in hESCs and hESCs 
transduced with lentivirus expressing GFP shRNA, co-expressing LDHA 
shRNA#1 and LDHC shRNA#1, or co-expressing LDHA shRNA#2 and LDHC 
shRNA#2 for 3 days. Cells were probed with antibodies for OCT4 and SOX2 then 
counterstained with DAPI. (F) qRT-PCT heat map analysis of lineage marker and 
metabolic 'switch' transcripts of hESCs transduced with lentivirus as in (E). (G) 
13C-glucose metabolic flux analysis of hESCs transduced with lentivirus as in (E). 
All experiments were performed in biological triplicate. Error bars represent the 
standard error of the mean. **** p<0.0001, *** p<0.001, ** p<0.01 for one-way 
ANOVA. Micron bars, 100 µm. 
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