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SUPPLEMENTARY METHODS 
 

Plasmids and establishment of stable cell lines: pBabe-puro (pBp) and pBp-NRASQ61K 

constructs were purchased from Addgene (plasmid #12543). pMSCV-IRES-GFP (MSCV) 

and MSCV-Bcl-2 were a gift from Dr. Clare Scott (Walter and Eliza Hall Institute of Medical 

Research, Melbourne, Australia). pMSCV-IRES-mCherry (pMIC) and pMIC-MycER was a 

gift from Dr. Gretchen Poortinga. HEK-293T cells were transfected with each plasmid along 

with the packaging plasmids pEQ-PAM3-E and RD114 (provided by Assoc. Prof. Phil Darcy, 

Peter MacCallum Cancer Centre, Melbourne, Australia) by complexing with 

polyethylenimine. Virus generated by HEK-293T cells was supplemented with protamine 

sulfate (10 µg/ml), filtered, and transferred to melanoma cell lines four times for 12-16h. 

Virus-infected cells were selected in 1µg/ml puromycin (pBp) or by FACS (MSCV, pMIC and 

pMSCV-LMP). 

 

Patient biopsies. For patients 1-7, melanoma biopsies were obtained from patients treated 

with the BRAF inhibitor, dabrafenib ±, as previously described (4). Briefly, biopsies were 

obtained prior to commencing treatment, after which patients received 300mg dabrafenib 

daily. Early on treatment biopsies were obtained 3-14 days after commencing treatment and 

post-progression biopsies were obtained after progression criteria were reached (4).  

 

Examination of gene expression in melanoma biopsies. 

For patients 1-7 and 10-12, (4-6) fresh frozen melanoma biopsies were examined by a 

pathologist (Richard A. Scolyer) and tumour content was determined. Tumours containing 

more than 80% tumour cells were selected for further analysis. 20–30  mg of fresh frozen 

tissue was used for total RNA extraction and tissue samples were homogenized in the 

presence of Trizol with a high-speed agitation polytron blender (Kinematica, Luzern, 

Switzerland). RNA was isolated and purified using an RNeasy purification kit (Qiagen 

RNeasy purification kit; Qiagen) with a DNAse I digestion step on the column. An Agilent 



	   2	  

2100 Bioanalyser (Agilent Technologies, Palo Alto, CA) was used to confirm RNA quality: 

RNA integrity scores were greater than 8 for all samples. The Illumina TotalPrep RNA 

amplification kit was used according to the manufacturer's directions (Ambion, Austin, TX) 

for cRNA amplification and labelling (performed using 250ng total RNA). Gene expression 

was analysed using the Sentrix Human-HT-12 v4 Expression BeadChips (Illumina, San 

Diego, CA) and BeadStation system from Illumina according to the manufacturer's 

instructions. Data analysis was performed using GenomeStudio ver3 (Illumina Inc., 

Singapore). The cubic spline function was used for data normalisation, and genes were 

selected if the detection P-value was less than 0.01 (indicating the transcript detection) in at 

least one group. All samples were coded and blinded analysis. Data were displayed as 

mean average signal intensity ± SD and data were analysed using a Wilcoxon matched-

pairs signed rank test (p<0.05). 

 

For patient 8 (7), tumour samples were snap frozen in liquid nitrogen after which RNA was 

extracted from samples using an RNeasy Mini Kit as per the manufacturer’s protocol 

(Qiagen). mRNA expression was quantified using Affymetrix Human Gene 1.0 ST Array with 

three technical replicates for each sample. Raw microarray intensities were log2 transformed 

and RMA-normalized using the RMA function in the R package oligoR. For each sample, 

gene expression levels were computed by averaging normalized intensities over its three 

replicates. Fold change was then computed between the expression level of two different 

samples.  

 

For patient 9, tumour samples were snap frozen in liquid nitrogen after which RNA was 

extracted from samples using a mirVana miRNA isolation kit as per the manufacturer’s 

protocol (Applied Biosystems). Tophat was used for 2x100bp paired-end read alignment to 

USCS's hg19 human genomic reference (8, 9). The expression level of a gene was defined 

using RPKM, as described previously (10). mRNA expression changes in each possible 

transcript isoform of each gene was computed based on the RPKM fold change of each 



	   3	  

isoform and these numbers are averaged to generate the overall fold change of the gene. 

 

Glucose uptake, ATP production, lactate production. For glucose uptake assays, treated 

cells were incubated for 5 min in glucose-free RPMI 1640 (Gibco), before incubation for 20 

min with RPMI 1640 containing 0.5µCi/ml [1,2-3H]-2-deoxyglucose ([3H]-2DOG; 1µCi/µl, 25-

60Ci/mmol; Moravek) and 100µM 2DOG. Cells were washed then lysed in 1% SDS/0.1 M 

NaOH. Tritium counts were measured using a Perkin Elmer Tri-carb 2910 TR Liquid 

Scintillation Analyzer with QuantaSmart software (v4.00) and normalized to protein content. 

For lactate assays, an aliquot of incubation medium from treated cells was removed and 

lactate concentration was determined using an L-lactate assay kit (BioVision) according to 

the manufacturers protocol. After media removal, cells were washed and intracellular ATP 

concentrations were determined using an ATP determination assay kit (Molecular Probes) 

as per the manufacturer’s protocol. Changes to glucose uptake, lactate production or ATP 

production after Vem treatment were analysed using a t-test or two-way ANOVA coupled 

with Tukey’s post-hoc test and data were presented as mean ± SEM (n=3; p<0.05). To 

examine the correlation between changes to glucose uptake and Vem sensitivity (Vem 

IC50s, see proliferation assays below) data were analysed using non-linear regression/curve 

fitting and Pearson’s correlation (p<0.05). 

 

Analysis of bioenergetics using the Seahorse XF24 extracellular flux analyser 

All extracellular flux analyses were performed using the Seahorse XF24 Extracellular Flux 

Analyser (Seahorse Bioscience, Billerica, USA). 24 well Seahorse V7 plates were seeded at 

5 x 104 cells/well, and 24h later the cells were treated with either 1) vehicle, Vem (3 µM) for 

20 hours, or 2) Vehicle, Vem (15µM), DCA (20mM), Vem + DCA in combination for 1h or 

20h.  Prior to the assay, cells were washed with assay running media (unbuffered DMEM, 

5mM glucose, 1mM glutamine, 1mM sodium pyruvate), before resuspension in 600µl of 

running media.  Cells were equilibrated in a non-CO2 incubator for 30min prior to assay, and 

the Seahorse XF24 Extracellular Flux Analyser was calibrated. The assay protocol consisted 
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of repeated cycles of a 3 min mix, 2 min wait and 3 min measurement periods, with oxygen 

consumption rate (OCR) and extracellular acidification rate (ECAR) measured 

simultaneously.  Basal energetics were established after six of these initial cycles, followed 

by exposure to the ATP synthase inhibitor oligomycin (1µM) for three cycles, then the proton 

ionophore carbonylcyanide p-trifluoromethoxyphenylhydrazone (FCCP, 1µM) for three 

cycles, and then the mitochondrial complex III inhibitor antimycin A (1µM) for three cycles.  

Using these compounds as modulators of mitochondrial function it was possible to 

determine ATP turnover, proton leak, maximal respiratory capacity, and spare respiratory 

capacity (11).  All treatment conditions were analysed as five replicates, and at the 

completion of each assay, the cell plate was frozen at -80°C, prior to determination of cell 

number in each well using the CyQuant cell proliferation assay kit (Life Technologies, 

Melbourne, AUS) according to manufacturer’s instructions. Changes to OCR and ECAR 

after Vem treatment were analysed using a t-test or two-way ANOVA coupled with Tukey’s 

post-hoc test and data were presented as mean ± SEM (n=3; p<0.05). Changes to OCR and 

ECAR caused by Vem, DCA or Vem + DCA treatment were compared using a one-way 

ANOVA coupled with Tukey’s post-hoc test and data were presented as mean ± SEM (n=3; 

p<0.05). 

 

 

Apoptosis and cell cycle assays: Cells were seeded in 6-well plates and incubated for 24h 

at 37°C. Plates were treated with Vem or PD991 for indicated times. To detect apoptosis, 

single cell suspension were prepared and stained with an Annexin V-APC antibody (BD 

Pharmingen) and 500 nM propidium iodide (PI) for 15 min at RT. For cell cycle analyses, 

single cell suspensions were prepared and resuspended in a PI staining solution (0.1% 

sodium citrate, 0.1% triton-X and 50 µg/ml PI). Samples were incubated overnight at 4°C 

and data were analysed using FCSExpress software (Version 3.0 Research Edition). Data 

are displayed as mean ± SEM (n=3) and were subjected to a one- or two-way ANOVA, as 
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appropriate, coupled with Tukey’s multiple comparison or Tukey’s post-hoc test for 

significance, respectively (p<0.05). 

 

Glucose starvation: Cells were plated in 96-well plates and after 24h, media was changed 

to RPMI 1640 plus or minus glucose (supplemented with 5% FBS, 2 mM L-alanyl-L-

glutamine, 1% penicillin/streptomycin and 250 ng/ml amphotericin B). 72h later, cell viability 

was assessed using the alamarBlue® method (Invitrogen) according to the manufacturer’s 

instructions. Changes to mRNA expression are represented as mean ± SEM (n=3) and were 

analyzed using t-tests (p<0.05).  

 

Cell proliferation assays: Cell proliferation assays were conducted in 96-well plates with 5 

replicate wells per drug concentration (n=3). Cell number was determined at the end of drug 

treatment using the sulforhodamine B (SRB) method described previously (12). Log[inhibitor] 

vs. response curves were generated by non-linear regression/curve fitting and IC50 

concentrations (the concentration of drug required to produce 50% of the maximum 

response) were obtained as a measure of drug sensitivity. IC50s are displayed as mean ± 

SEM and were statistically analysed using paired two-tailed Student’s t-tests. 

 

Western Immunoblotting: For whole cell lysates, cells were lysed in western solubilisation 

buffer (WSB; 0.5mM EDTA, 20mM HEPES, 2% SDS). For preparation of membrane and 

cytoplasmic fractions, cells were lysed using the Qproteome Cell Compartment Kit (Qiagen) 

as per the manufacturer’s instructions. Antibodies used are listed below. 
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WB = Western immunoblotting. IHC = immunohistochemistry. ChIP = Chromatin 
immunoprecipitation. 
 

RNA extraction and analysis of mRNA expression: RNA was extracted from melanoma 

cells using a Bioline ISOLATE RNA Mini Kit according to the manufacturer’s instructions 

cDNA synthesis was performed as described (13). qRT-PCR was performed using Fast 

SYBR® Green PCR master mix, using primers listed below, on a Step One Plus Real time 

PCR system (Applied Biosystems). Data were processed using the comparative CT method 

and changes to mRNA expression are displayed as mean ± SEM (n=3) Changes to mRNA 

expression were analysed using t-tests (p<0.05). 
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RT-PCR = real time quantitative PCR. ChIP = Chromatin Immunoprecipitation 

 

 

Microarray experiments: A375 BRAFV600E human melanoma cells were treated with 3 µM 

Vem or vehicle (0.1% DMSO) for 24h after which RNA was extracted (n=3). Whole-transcript 

sense target preparation and labelling (using the GeneChip® WT Terminal Labelling and 

Controls and Ambion® WT Expression Kits), hybridization to Affymetrix GeneChip® 1.0 ST 

human gene arrays and array scanning were completed by The Ramaciotti Centre 

Microarray Service, University of New South Wales, New South Wales, Australia. Raw data 

were RMA normalized (14) after which differentially expressed genes were detected using a 

2-way ANOVA using Partek software (Table S1). The batch date of the different replicates 

was controlled for and the log fold change between control and Vem-treated samples was 

estimated. Normalized data was also subjected to gene set enrichment analysis (provided 

online by the Broad Institute) (15) using c2 curated gene sets (Molecular signatures 

database v3.1) to identify enrichment of gene sets in either the control or Vem-treated 

samples (Table S1). Microarray data have been deposited in The Gene Expression 

Omnibus of the National Center for Biotechnical Information (accession number GSE42872). 

 

siRNA-mediated gene knockdown: Cells were forward-transfected with 40 nM siGENOME 

SMARTpool siRNAs (Dharmacon) targeting BRAF, GLUT1, GLUT3, HK1, HK2, MondoA, 
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HIF1α or c-Myc using 0.08 µl of LipofectamineTM RNAiMAX (Invitrogen) per 100ul of 

transfection media. Mock-transfected cells were prepared as a control. Media was changed 

24h after transfection and plates were incubated at 37°C for indicated times and/or drug 

treated as described. Knockdown of each gene was confirmed by Western immunoblotting.  
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