SUPPLEMENTARY INFORMATION

Embryonic Stem Cell Proliferation Stimulated By Altered Anabolic

Metabolism From Glucose Transporter 2-Transported Glucosamine

Jin Hyuk Jung, Kumiko Iwabuchi, Zhihong Yang, and Mary R. Loeken

List of Supplementary Materials
Supplementary Tables

Supplementary Table 1, related to Figure 1
Supplementary Table 2, related to Figure 5
Supplementary Table 3, related to Methods
Supplementary Table 4, related to Methods
Supplementary Methods

Supplementary References

S1



Supplementary Table 1 (Related to Figure 1)
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SUPPLEMENTARY DATA
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Supplementary Table 2 (Related to Figure 5)
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Supplementary Table 3 (Related to Methods)

Immunoblot Antibodies

Antibody Dilution | Species Source

Anti-GLUT1 1:500 Mouse Abcam (ab40084)

Anti-GLUT2 1:1000 Rabbit Santa Cruz Biotechnology (sc-9117)
Anti-GLUT3 1:1000 Mouse Santa Cruz Biotechnology (sc-74399)
Anti-PCNA 1:2000 Mouse Santa Cruz Biotechnology (sc-56)
Anti-B-ACTIN 1:5000 | Mouse Sigma (A5441)

Anti-HK1 1:500 Rabbit Cell Signaling Technology (2024)
Anti-HK2 1:500 Rabbit Cell Signaling Technology (2867)
Anti-PKM1/2 1:500 Rabbit Cell Signaling Technology (3190)
Anti-PKM2 1:500 Rabbit Cell Signaling Technology (4053)
Anti-PFKP 1:500 Rabbit Cell Signaling Technology (8164)
Anti-PDHA 1:500 Rabbit Cell Signaling Technology (3205)
Anti-LDHA 1:500 Rabbit Cell Signaling Technology (3582)
Anti-GIcNAc 1:1000 Mouse Santa Cruz Biotechnology (sc-59624)
Anti-OXPHOS cocktail 1:500 Mouse Abcam (ab110413)

Anti-NANOG 1:1000 Rabbit Cell Signaling Technology (8822)
Anti-SOX2 1:1000 Rabbit Cell Signaling Technology (2748)
Anti-OCT4 1:1000 Rabbit Santa Cruz Biotechnology (sc-9081)
Anti-Mouse 1gG (HRP- 1:3000 Goat Santa Cruz Biotechnology (sc-2055)
coupled)

Anti-Rabbit IgG (HRP- 1:3000 Donkey GE Healthcare (NA934V)

coupled)
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Supplementary Table 4 (Related to Experimental Procedures)

Immunoprecipitation antibodies

Antibody Amount Species Source

Anti-OCT4 1ug Rabbit Santa Cruz Biotechnology (sc-9081)

Anti-NANOG 1:100 Rabbit Cell Signaling Technology (8822)
(vol:vol)

Anti-SOX2 1:100 Rabbit Cell Signaling Technology (2748)
(vol:vol)

Anti-GIcNAc 1ug Mouse Santa Cruz Biotechnology (sc-59624)

Nonimmune Mouse IgG 1ug Mouse Santa Cruz Biotechnology (sc-2025)

Nonimmune Rabbit IgG 1 ug Rabbit Calbiochem (12-370)
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SUPPLEMENTARY METHODS

LG-ESC Culture and Transfection

Murine LG-ESC were grown in low glucose DMEM (Life Technologies) with 15% fetal
calf serum (Atlanta Biologicals) as described' + GlIcN (Sigma), added at 0.8 mM unless
otherwise indicated. To maintain glucose concentrations at 5.5 mM in cultures lasting
more than 2 days, media glucose concentrations were measured with a blood glucose
meter (Roche Diagnostics) and then media were brought to 5.5 mM by adding
appropriate volumes of 25% glucose as described?. Cultures are tested for mycoplasma

contamination using the MycoAlert Mycoplasma Detection Kit (Lonza).

G2KD-LG-ESC were generated by stably transfecting LG-ESC with pSUPER
(OligoEngine) containing a short hairpin RNA (shRNA) against Glut2/Sic2a2® as
described®. A control cell line, C-LG-ESC, was generated by transfecting with empty
pSUPER vector. OGT-KD-LG-ESC cells were derived by stably transfecting LG-ESC
with doxycycline (Dox)-inducible pSingle (Clontech) containing one of three shRNA
sequences against Ogt mRNA that were previously reported® or a scrambled shRNA
sequence (Sc-LG-ESC)°. shRNA expression was induced with 1 pg/ml Dox). 1-10 mM

alloxan (Sigma) was added to LG-ESC cultures to inhibit OGT enzyme activity.

LG-ESC Sex Determination

The sex of each cell line was determined by performing PCR of genomic DNA for Zfy, a

Y chromosome marker as described”® except Glut2 as an autosomal PCR control®.
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*H-GIcN Transport Assay

3 x 10° cells were cultured in 35 mm dishes for 48 hr in 5.5 mM glucose media. Cells
were incubated with 10 uCi D-[6-3H(N)]GIcN (PerkinElmer) in 0.8 mM GIcN with 5§ mM
or 16 mM 2-deoxy-D-glucose for 20 min. Reactions were stopped and cells were
solubilized as described'®. 950 pl of cell lysate were counted using a liquid scintillation
counter. 50 pl of cell lysate were used to measure protein concentration with Protein

Assay Dye Reagent (Bio-Rad).

2-deoxy-D-Glucose Transport Assay

3 x 10° cells were cultured in 35 mm dishes for 48 hr in 5.5 mM glucose media, then
were incubated with 0.125 mM or 0.4 mM of the fluorescent 2-deoxy-D-glucose analog,
2-NBD-glucose (2-deoxy-2-[(7-nitro-2,1,3- benzoxadiazol-4-yl)amino]-D-glucose,
Cayman Chemical) in 5 mM or 16 mM 2-deoxy-D-glucose, respectively, + 0.8 mM GIcN,
for 20 min. Reactions were stopped by solubilizing cells according to the manufacturer’s
recommendations. 485/535 nm (excitation/emission) was measured using 50 pl of cell

lysate in a 96 well plate. Protein was assayed as above.

Real Time RT-PCR

Total RNA was extracted after 4 days of culture using Ultraspec reagent (Biotecx
Laboratories, Friendswood, TX) and 200 ng were reverse transcribed using the High-
Capacity cDNA Reverse Transcription Kit (Life Technologies). Real time PCR was
performed using TagMan PCR Master Mix (Life Technologies) as described'". Primers

and FAM-labeled probes for Nanog (Mm 02384862), Sox2 (Mm 00488369), Oct4 (Mm
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00658129), and VIC-labeled probe for rRNA (4310893E) were obtained from Life

Technologies.

Extracellular Flux (XF) Analysis

3 x 10° cells were cultured for 12 hr then were washed with DMEM (0 glucose) with 143
mM NaCL and incubated for 1 hr in DMEM (5.5 mM glucose with 2 mM glutamine) + 0.8
mM GIcN in a 37° oven. Extracellular acidification rates (ECAR) and oxygen
consumption rates (OCR) were measured using a Seahorse Extracellular Flux Analyzer
(XF24) 6 times over 1.5 hr. DNA was extracted with 50 mM NaOH heated to 95 °C for
30 min followed by neutralization with 1M Tris-Cl pH 6.8. DNA concentrations were

measured by NanoDrop™ (Thermo Scientific).

Metabolic Profiling

Six replicate 10 cm culture dishes of 5 x 10° cells were grown under 4 culture conditions
((+)GLU(-)GLCN; (+)GLU(+)GLCN; (-)GLU(-)GLCN; (+)GLU(+)GLCN), in which cultures
were grown in 5.5 mM glucose + 0.8 mM GlIcN for 47 hr, and then media were replaced
with the same media, or 0 glucose media + GIcN, for the final h of culture. Cells were
harvested by scraping into PBS, pelleted, flash frozen in liquid nitrogen, and stored at -
80 °C until analysis by Metabolon, Inc. Three independent platforms were employed for
untargeted metabolic profiling: ultrahigh performance liquid chromatography/tandem
mass spectrometry (UHLC/MS/MS) optimized for basic species, UHLC/MS/MS
optimized for acidic species, and gas chromatography/mass spectrometry (GC/MS).

Samples were processed essentially as described previously®'®. For UHLC/MS/MS
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analysis, aliquots were separated using a Waters Acquity UPLC and analyzed using an
LTQ mass spectrometer (Thermo Fisher Scientific, Inc.), which consisted of an
electrospray ionization (ESI) source and linear ion-trap (LIT) mass analyzer. The MS
instrument scanned 99-1000 m/z and alternated between MS and MS? scans using
dynamic exclusion with approximately 6 scans per second. Derivatized samples for
GC/MS were separated on a 5% phenyldimethyl silicone column with helium as the
carrier gas and a temperature ramp from 60°C to 340°C and then analyzed on a
Thermo-Finnigan Trace DSQ MS (Thermo Fisher Scientific, Inc.) operated at unit mass
resolving power with electron impact ionization and a 50-750 atomic mass unit scan
range. Metabolites were identified by automated comparison of the ion features in the
experimental samples to a reference library of chemical standard entries that included
retention time, molecular weight (m/z), preferred adducts, and in-source fragments as
well as associated MS spectra and curated by visual inspection for quality control using
software developed at Metabolon'. Experimental samples and controls were
randomized across a one-day platform run. Any missing values were assumed to be
below the limits of detection and for statistical analyses and data display purposes,
these values were imputed with the compound minimum (minimum value imputation).
Statistical analysis of log-transformed data was performed using “R” (http://cran.r-
project.org/). Two-way ANOVA was performed to determine main effects of glucose and
GIlcN and glucose:GIcN interaction. Student t-test was performed to compare data
between experimental groups. Multiple comparisons were accounted for by estimating

the false discovery rate (FDR) using g-values'®.
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