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Supplementary Fig. S1. Glycolytic suppression dynamically changes the expression levels of 

enzymes in PANC-1 cells. (a) Levels of enzymes extracted from PANC-1 cells cultured in glucose 

(Glc), galactose (Gala), or low-glucose (Low-glc) medium for 48 hr were measured by LC-MS/MS 

and normalized against the amount of total cellular protein. Proteomic patterns were visualized using 

z-score plots and heat maps. (b) Cell lysates prepared from PANC-1 cells cultured in Glc, Gala, or 

Low-glc medium for 48 hr were subjected to western blotting with anti-MDH2, anti-GDH1/2, and 

anti-GAPDH antibodies. 

 



4 

 

  



5 

 

Supplementary Fig. S2. Glycolytic suppression changes mitochondrial morphology and 

increases the formation of autophagosomes. (a) Enlarged images of PANC-1 cells presented in Fig. 

2C. “N” indicates the nucleus, “M” indicates mitochondria, and red arrows indicate autophagic bodies. 

(b) PANC-1 cells cultured in glucose (Glc), galactose (Gala), or low-glucose (Low-glc) medium for 

48 hr were stained with MitoTracker Orange (red) and MitoTracker Green (green) and observed by 

confocal microscopy. Scale bars, 50 µm. 
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Supplementary Fig. S3. Glycolytic suppression by 2-deoxyglucose (2-DG) also upregulates 

mitochondrial function. (a) PANC-1 cells were treated with different concentrations of 2-DG (0–

100 mM) for 72 hr, and then cell viability was evaluated by MTT assay. Data represent means ± SD 

of three independent cell cultures. ** P < 0.01, compared with cells not treated with 2-DG. (b) PANC-

1 cells were treated with 2-DG (10 mM) for 48 hr. The amount of lactate released into the medium 

from the cells for the last 24 hr was measured. Data represent means ± SD of three independent cell 

cultures. ** P < 0.01. (c) PANC-1 cells were treated with 2-DG (10 mM) with or without oligomycin 

(Oligo; 20 ng/mL) for 48 hr, and then intracellular ATP content was quantitated. Data were normalized 

against the level in PANC-1 cells not treated with 2-DG or oligomycin. Data represent means ± SD 

of three independent cell cultures. ** P < 0.01. 



7 

 

 

  



8 

 

  



9 

 

Supplementary Fig. S4. Intracellular energy metabolism is reprogrammed to mitochondrial 

OXPHOS upon glycolytic suppression in PANC-1 cells. (a) Survival rate of PANC-1 cells cultured 

in glucose (Glc), galactose (Gala), or low-glucose (Low-glc) medium with or without oligomycin 

(Oligo; 0.8 ng/mL) for 72 hr was evaluated by PI uptake using flow cytometry. Data represent means 

± SD of three independent cell cultures. N.S., not significant. (b) Oxygen concentration in the culture 

medium of PANC-1 cells cultured in (a) was measured over time. Data represent means ± SD of three 

independent cell cultures. (c) Whole metabolomic patterns of the PANC-1 cells shown in Fig. 3 were 

visualized using z-score plots and heat maps. 
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Supplementary Fig. S5. Metabolic reprogramming by glycolytic suppression also occurs in 

A549 cells. (a) Survival rate of A549 cells cultured in glucose (Glc), galactose (Gala), or low-glucose 

(Low-glc) medium with or without oligomycin (Oligo; 1.0 ng/mL) for 72 hr was evaluated by PI 

uptake using flow cytometry. Data represent means ± SD of three independent cell cultures. N.S., not 

significant. (b) Oxygen concentration in the culture medium of the A549 cells cultured in (a) was 

measured over time. Data represent means ± SD of three independent cell cultures. (c) Whole 

metabolomic patterns of the A549 cells shown in Fig. 4B were visualized using z-score plots and heat 

maps. 
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Supplementary Fig. S6. Metabolic reprogramming by glycolytic suppression also occurs in 

HeLa cells. (a) Survival rate of HeLa cells cultured in glucose (Glc), galactose (Gala), or low-glucose 

(Low-glc) medium with or without oligomycin (Oligo; 0.8 ng/mL) for 72 hr was evaluated by PI 

uptake using flow cytometry. Data represent means ± SD of three independent cell cultures. N.S., not 

significant. (b) Oxygen concentration in the culture medium of HeLa cells cultured in (a) was 

measured over time. Data represent means ± SD of three independent cell cultures. (c) Whole 

metabolomic patterns of the HeLa cells shown in Fig. 4D were visualized using z-score plots and heat 

maps. 
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Supplementary Fig. S7. Autophagy mediates metabolic reprogramming toward OXPHOS in 

glycolysis-suppressed PANC-1 cells. (a) PANC-1 cells transfected with control siRNA (siControl) 

or siATG7 were subjected to quantitative RT-PCR to measure ATG7 mRNA levels. Data represent 

means ± SD of three independent cell cultures. ** P < 0.01. (b) PANC-1 cells transfected with 

siControl or siATG7 were cultured in glucose (Glc) or galactose (Gala) medium for 24 hr. The cell 

lysates were subjected to western blotting with anti-ATG7, anti-p62, anti-LC3B, and anti-GAPDH 

antibodies. (c) Whole metabolomic patterns of the PANC-1 cells shown in Fig. 6C were visualized 

using z-score plots and heat maps. 
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Supplementary Materials and Methods 

 

Reagents 

2-DG was dissolved in DMSO. The final DMSO concentration in the cell culture did not exceed 

0.5% (v/v). 

 

Evaluation of mitochondrial membrane potential and content 

To evaluate mitochondrial membrane potential and content, PANC-1 cells were incubated for 30 

minutes with 125 nM MitoTracker Orange and 125 nM MitoTracker Green (both from Life 

Technologies) dissolved in FBS-free RPMI-1640. After loading, cells were washed, and images were 

acquired on a Carl Zeiss LSM700 laser scanning confocal microscope. 

 

RNA isolation and quantitative real-time PCR 

Total RNA was isolated from PANC-1 cells using the Sepasol-RNA I reagent (Nacalai Tesque) and 

reverse-transcribed using ReverTra Ace qPCR RT Master mix (TOYOBO). The resulting cDNA was 

mixed with THUNDERBIRD quantitative real-time PCR mix. The mixture was subjected to 

quantitative real-time PCR as described in Materials & Methods. Primers were as follows: ATG7 

forward, 5´-ACC CAG AAG AAG CTG AAC GA-3´; reverse, 5´-CTG CTT GTT CCA AAA GGA 

GC-3´; β-actin forward, 5´-TTC AAC ACC CCA GCC ATG TAC G-3´; reverse, 5´-GTG GTG GTG 

AAG CTG TAG CC-3´. 

 

Western blotting 

PANC-1 cells were lysed on ice in lysis buffer [PBS (pH 7.4) containing 1% Triton X-100 and 

protease inhibitor cocktail (Roche)]. Identical amounts of protein from each sample were separated 

by SDS-PAGE and transferred to a PVDF membrane (Merck Millipore, Berlin, Germany). 

Membranes were blocked and probed with primary antibodies specific for MDH2, GDH1/2, ATG7, 

p62, LC3B, and GAPDH (all from Cell Signaling Technology). Immunolabeled proteins were 

detected using HRP-labeled secondary antibodies (Santa Cruz Biotechnology, Dallas, TX, USA) and 

ECL Prime detection reagents (GE Healthcare, Buckinghamshire, UK). Signals were visualized using 

the ImageQuant LAS 4000 system (GE Healthcare). 
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Quantitative proteomics analysis 

In vitro proteome-assisted multiple reaction monitoring for protein absolute quantification 

(iMPAQT) analysis was performed at Kyushu Pro Search LLP (Fukuoka, Japan) 1. 
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