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SUPPLEMENTAL DATA 

 

SUPPLEMENTARY FIGURE LEGENDS 

 

Suppl. Fig. 1. Chemo-potentiation of 3-BrPA cytotoxicity is not associated with the activation 

of apoptosis. 

(A) Glutamine-dependence of 3-BrPA cytotoxicity in PC3 and DU145 cells. Data represent the 

means±S.D. of five independent experiments. *P<0.05; ***P<0.001 compared with glutamine-fed 

control cells. (B) Determination of intracellular glutamine concentration upon GPNA treatment. 

Values are means±S.D. of five independent experiments. ***P<0.001. (C) Analysis of clonogenic 

potential. Top, images of colonies from one representative experiment of three with similar results; 

bottom, % of colonies formed compared to glutamine-fed control cells. Values are means±S.D. of 

n=5 independent experiments. *P<0.05; ***P<0.001. (D) Cytofluorimetric analysis of apoptotic 

cells. The well-established apoptotic inducer Staurosporine was used at the concentration of 1 µM. 

Data represent the means±S.D. of five independent experiments. *P<0.05; ***P<0.001 compared 

with glutamine-fed control cells; †††P<0.001. (E) Determination of 3-BrPA cytotoxicity upon Z-

VAD-fmk treatment. *P<0.05; ***P<0.01 compared to control cells.  

 

Suppl. Fig. 2. Autophagy contributes to the execution of 3-BrPA-induced cell death upon 

glutamine withdrawal. 

(A) Cytofluorimetric analysis of AVOs levels in PC3 and DU145 cells. Data are expressed as % 

of cells with AVOs and represent the mean±SD of three independent experiments. *P<0.05; 

**P<0.01 compared with glutamine-fed control cells; †P<0.05. (B) Fluorescence analysis of 

autophagic flux. % of dotted (autophagic) LC3-EGFP positive PC3 and DU145 cells. Data are 

means±S.D. of five independent experiments. *P<0.05; **P<0.01 with respect to glutamine-fed 
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control cells. †P<0.05. Analysis of LC3 levels upon pharmacological inhibition of autophagy 

induction achieved by 3-Ma treatment (C) or siRNA-mediated knockdown of Atg5 (F). Western 

blot images are from one representative experiment of three with similar results. Actin was used as 

a loading control. Molecular masses are given in kDa to the left. Assessment of 3-BrPA chemo-

potentiation upon pharmacological inhibition of autophagy induction (D) or knockdown of Atg5 

(E) in PC3 and DU145 cells. Data are means±S.D. of four independent experiments. *P<0.05; 

**P<0.01; ***P<0.001 compared with control (D) or siScr cells (E); †P<0.05. 

 

Suppl. Fig. 3. Glutamine deprivation-induced 3-BrPA chemo-potentiation does not depend on 

synergistic impairment of glutaminolysis and glycolysis. 

(A) Overview of glutaminolysis and glycolysis. The inhibitors of glycolysis and glutaminolysis 

are pointed out in red squares. Transporter independent route is indicated by dotted line. (B) 

Extracellular lactate measurement. Data represent the mean±SD of eight independent experiments. 

*P<0.05; **P<0.01, compared with glutamine-fed control cells; ††P<0.01. (C) Effect of methyl 

pyruvate (MP) on alteration of ATP levels (left) and cell death extent (right) induced by 3-BrPA. 

Data are means±S.D. of four independent experiments. *P<0.05;  ***P<0.001 compared with 

glutamine-deprived control cells. (D) Extracellular lactate measurement. Data represent the 

mean±SD of eight independent experiments. **P<0.01, ***P<0.001 compared with control cells; 

†P<0.05. (E) 2-DG and 3-BrPA cytotoxicity in glutamine-deprived cells. ***P<0.001 compared 

with control cells. (F) 3-BrPA cytotoxicity upon inhibition of glutaminolytic enzymes (left) and 

glutamate supplementation (right) in glutamine-supplemented or deprived medium, respectively. 

*P<0.05 compared with glutamine-fed control cells; †P<0.05, †††P <0.001 compared with control 

cells.  

 

Suppl. Fig. 4.  Increased oxidative stress underlies 3-BrPA chemo-potentiation induced by 

glutamine-deprivation. 
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(A) Effect of antioxidants on modulation of protein carbonylation and alteration of ATP levels (B) 

induced by 3-BrPA upon glutamine withdrawal. Immunoblots in (A) are from one representative 

experiment of three with similar results are shown. Actin was used as a loading control. Molecular 

masses are given in kDa to the left. Values in (B) are means±S.D. of four independent experiments. 

*P<0.05; ***P<0.001 compared to control cells; †††P<0.001 compared with 3-BrPA-treated cells.  

 

Suppl. Fig. 5. Complex II inhibition is responsible for 3-BrPA-induced metabolic-oxidative 

stress upon glutamine deprivation. 

(A) Analysis of SDHA down-regulation. Immunoblot from one representative experiment of three 

with similar results (bottom) and its densitometric analysis (top) are shown. **P<0.01. Actin was 

used as a loading control. Molecular masses are given in kDa to the left. (B) Effect of SDHA down-

regulation on Complex II activity. Data reported represent the mean±SD of three independent 

experiments. **P<0.01. Effect of SDHA knockdown on modulation of ATP levels (C) and 

induction of autophagy (D) triggered by 3-BrPA challenge upon glutamine deprivation. 

Immunoblots from one representative experiment of three with similar results is shown. Actin was 

used as a loading control. Molecular masses are given in kDa to the left. Data expressed in (C) 

represent the mean±SD of eight independent experiments. *P<0.05; ***P<0.001 compared with 

shScr control cells; ††P<0.01. (E) Measurement of 3-BrPA cytotoxicity (left) and oxidoreductase 

activity of Complex II (right) in HeLa cells and PCEC. Data represent the means±S.D. of four 

independent experiments. ***P<0.01. compared with HeLa control cells;  ††P<0.01 compared with 

PCEC control cells; **P<0.01. 

 

Suppl. Fig. 6. Glutamine-deprivation up-regulates MCT-1 levels. 

(A) Effect of α-CHC and ibuprofen on glutamine-deprivation induced 3-BrPA chemo-

potentiation. Data represent the means±S.D. of five independent experiments. ***P<0.001 

compared with control cells; †††P<0.001. (B) Effect of GPNA treatment on intracellular content of 
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MCT-1. Immunoblot from one representative experiment of three with similar results and its 

densitometric analysis are shown. **P<0.01. (C) Intracellular level of MCT-1 in PC3 and DU145 

cells. Immunoblots from one representative experiment of four with similar results and their 

densitometric analysis are shown. **P<0.01. Actin was used as a loading control. Molecular 

masses are given in kDa to the left. (D) Determination of MCT-1 mRNA levels in HeLa cells by 

qPCR in glutamine-supplemented or deprived cells. Data represent the means±S.D. of four 

independent experiments. 

 

Suppl. Fig. 7. MCT-1 up-regulation induced by glutamine deprivation is responsible for 3-

BrPA chemo-potentiation. 

(A) Analysis of MCT-1 overexpression. Immunoblot from one representative experiment of 

three with similar results (bottom) and its densitometric analysis (top) are shown. **P<0.01. Actin 

was used as a loading control. Molecular masses are given in kDa to the left. Effect of MCT-1 

overexpression on modulation of ATP levels (B) and protein carbonylation (C). Data are expressed 

as mean±SD of eight independent experiments. **P<0.01; ***P<0.001 compared with mock 

control cells; ††P<0.01. Immunoblot from one representative experiment of three with similar 

results are shown. Actin was used as a loading control. Molecular masses are given in kDa to the 

left. (D) Analysis of MCT-1 down-regulation. Immunoblot from one representative experiment of 

three with similar results and its densitometric analysis are shown. **P <0.01. Actin was used as a 

loading control. Molecular masses are given in kDa to the left. Effect of MCT-1 knockdown on 

modulation of protein carbonylation (E) ATP levels (F) and induction of autophagy (G). 

Immunoblots from one representative experiment of three with similar results are shown. Actin was 

used as a loading control. Molecular masses are given in kDa to the left. In (F), data are expressed 

as mean±SD of eight independent experiments. *P<0.05;  ***P<0.001 compared with siScr control 

cells; ††P<0.01. DCA cytotoxicity in glutamine-deprived (H) and GPNA-treated HeLa cells (I). 

Data represent the means±S.D. of four independent experiments. For (H) and (I), *P<0.05; **P 



5 
 

<0.01; ***P <0.001  compared with glutamine-fed control cells; ††P<0.01. (J) Effect of MCT-1 

over-expression on DCA cytotoxicity. Data represent the means±S.D. of four independent 

experiments. *P<0.05; **P <0.01; ***P <0.001  compared with mock control cells; ††P<0.01. 

 

Suppl. Fig. 8. Glutamine synthetase is exploited by cancer cells to circumvent 3-BrPA chemo-

potentiation. 

(A) Determination of intracellular glutamine levels in glutamine-deprived cells. Results are 

expressed as % of glutamine-fed cells and represent the mean±SD of four independent experiments. 

(B) Analysis of the Myc tagged DN-GS over-expression. Immunoblot from one representative 

experiment of four with similar results is shown. Actin was used as a loading control. Molecular 

masses are given in kDa to the left. (C) 3-BrPA chemo-potentiation upon DN-GS over-expression 

in MCF-7 and T-47D cells. Data represent the mean±SD of four independent experiments. 

*P<0.05, ***P<0.001 compared with glutamine-fed mock cells. ††P <0.01. (D) Effect of DN-GS 

over-expression on the intracellular levels of MCT-1 in MCF-7 (left) and T-47D (right) cells. The 

immunoblots from one representative experiment of three with similar results and their 

densitometric analyses are shown. Actin was used as a loading control. Molecular masses are given 

in kDa to the left. *P<0.05. 

 

Suppl. Fig. 9. Scheme of 3-BrPA chemo-potentiation induced by glutamine deprivation. 

In resting conditions (1), glutamine maintains in check MCT-1 levels by triggering its 

degradation that, in turn, limit MCT-1-mediated 3-BrPA uptake. Upon glutamine deprivation (2) or 

inhibition of SLC1A5-mediated glutamine uptake (3), MCT-1 stabilization increases. This event 

induces an enhanced 3-BrPA uptake, increased inhibition of mitochondrial Complex II (CII) and 

generation of metabolic-oxidative stress culminating with cell death, partially executed through 

autophagy. Tumor cells with high basal level of glutamine synthetase (GS) (4) are able to replenish 



6 
 

intracellular pool of glutamine upon its withdrawal circumventing, thus, 3-BrPA chemo-

potentiation. 

 

SUPPLEMENTARY MATERIALS AND METHODS 

 

Materials 

3-Bromopyruvate (3-BrPA), N-acetylcysteine (NAC), dimethylthiourea (DMTU) 3-

Methyladenine (3-Ma), methionine sulfoximine (MSO),  L-γ-glutamyl-p-nitroanilide (GPNA), 6-

diazo-5-oxo-l-norleucine (DON), epigallocatechin gallate  (EGCG), amino-oxyacetic acid  (AOA), 

Ibuprofen, α-cyano-4-hydroxycinnamate (α-CHC), NH4Cl, Staurosporine, 2-Deoxy-D-glucose (2-

DG), cycloheximide (CHX), dichloroacetate (DCA), acridine orange, EDTA, EGTA, 

paraformaldehyde, propidium iodide, Triton X-100 were from Sigma; benzyloxycarbonyl-Val-Ala-

DL-Asp fluoromethylketone (Z-VAD-fmk), was from Alexis; 2’7’-dichlorodihydrofluorescein 

diacetate (DCFH-DA) from Invitrogen-Molecular Probes; goat anti-mouse and anti-rabbit IgG 

(heavy and light chains)–horseradish peroxidase conjugate were from Bio-Rad Laboratories. If not 

otherwise indicated, all other chemicals were obtained from Merck. 

 

Cell cultures 

HeLa (human cervix carcinoma),  DU145 (hormone insensitive and prostate antigen defective-

human prostate carcinoma), PC-3 (bone metastasis-derived grade IV human 

prostatic adenocarcinoma), MCF-7 (pleural effusion-derived human mammary 

gland adenocarcinoma) and T-47D (pleural effusion-derived infiltrating ductal carcinoma of the 

mammary gland) cells were purchased from the European Collection of Cell Culture and grown in 

DMEM (Dulbecco’s modified Eagle’s medium) supplemented with 10% FCS (fetal calf serum), 1% 

penicillin/streptomycin and 1% glutamine. The cells were maintained at 37°C in a 5% CO2 
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atmosphere in air and routinely trypsinized and plated at 4x104/cm2 on flasks. Cell viability was 

assessed by Trypan blue exclusion. 

 

PCEC isolation and culture 

Primary cervix endometrial cells (PCEC) were enzymatically isolated from the mouse uterus 

according to the method of Chan and colleagues (1) with slight modifications. Uterine tissues were 

obtained from immature (3.5 to 4 weeks of age) C57BL/6 mice to avoid complications, related to 

estrous cycle. Uteri were removed and placed into a Petri dish containing sterile PBS without Ca2+ 

and Mg2+. After washing with PBS and trimming off the remained fatty tissue and connective 

tissues, the uteri were sliced longitudinally. The sliced uteri were incubated in PBS supplemented 

with 7.5 mg/ml trypsin, 25 mg/ml pancreatin, 100 U/ml penicillin and 100 mg/ml streptomycin at 

0°C for 45 min and then at 37°C for another 45 min. After the enzyme digestion, the test tube 

containing PBS and the tissues was shaken gently for 30s. Uterine tissues were carefully removed 

and the crude cell solution was passed through a 70-µm fluorocarbon mesh filter. The filtrate was 

centrifuged at 1000 g for 5 min. The supernatant was discarded and the cell pellet was resuspended 

in 24 ml PBS. The cells were allowed to settle for 5 min, then the top portion (about 4 ml) of the 

cell suspension was discarded. The cell suspension was centrifuged again at 1000 g for 5 min. The 

washing procedure was then repeated once more. After centrifugation, the cell pellet was 

resuspended in DMEM/F-12 culture medium containing 10% FBS, 1% NEAA, and 1% 

penicillin/streptomycin. The isolated endometrial cells were plated at a density of about 1.4x106 

cells/ml onto collagen-coated cell culture plates and incubated at 37°C in a 5% CO2 atmosphere in 

air for 3 days before being used. 

 

Treatments 

If not otherwise indicated throughout the text, glutamine deprivation was carried out by 

incubating cells for 12 hours in glutamine-free DMEM medium. Next, 3-BrPA was added and 
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maintained throughout the experiment in glutamine-containing or deprived medium. A 10 mM 

solution of 3-BrPA (Sigma) was prepared just before the experiments by dissolving the powder in 

phosphate buffered saline (PBS), adjusted to pH 7.0 with NaOH and used at final concentration of 

50 µM in glutamine-containing or deprived medium for 24h, if not contrarily specified. As control, 

equal volumes of PBS were added to 3-BrPA-untreated cells. 50 µM was selected because it is the 

concentration close to the EC50 of the 3-BrPA induced by glutamine deprivation in cell lines used. 

The antioxidants NAC (10 mM) and DMTU (20 mM), the autophagy inhibitor 3-Ma (5 mM), the 

pan-caspase inhibitor Z-VAD-fmk (20 μM) and the glutamine synthetase inhibitor MSO (1 mM) 

were added upon glutamine deprivation and maintained throughout the experiment. The SLC1A5 

inhibitor GPNA (25 mM), the glutaminase inhibitor DON (1 mM), the glutamate dehydrogenase 

inhibitor EGCG (50 µM), the transaminase inhibitor AOA (1 mM) were pre-incubated for 12 hours 

in glutamine-containing medium and maintained throughout the experiment. The MCTs inhibitor α-

CHC (2 mM) and the SMCTs inhibitor Ibuprofen (100 µM) was pre-incubated for 1 hour in 

glutamine-deprived medium and maintained throughout the experiment. The apoptotic inducer 

staurosporine and the glycolytic inhibitor 2-DG were added in glutamine-containing or deprived 

medium at the concentrations of 1 µM and 10 mM, respectively. The protein synthesis inhibitor 

cycloheximide CHX (100 µg/µl) was incubated in glutamine-containing or deprived medium after 6 

hours of glutamine deprivation. If not otherwise specified, the presence or absence of all 

compounds used in cell treatments was indicated as (+) or (-), respectively. 

 

Cell transfections 

Cells were transfected by electroporation using a Gene Pulser Xcell system (Bio-Rad).  

Knockdown of Atg5 expression was performed by transfecting the cells with a pool of small 

interference RNA duplex (siRNA) (siAtg5) (On-TargetPlus SmartPool siRNA, Darmacon, 

Lafayette, CO). Knockdown of MCT-1 expression was achieved by transfecting the cells with a 

pool of siRNA (Santa Cruz Biotechnology) (siMCT-1). Controls were transfected with a scramble 
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siRNA duplex, which does not present homology with any other human mRNAs (siScr). Potential 

Atg5 and MCT-1 siRNA off-target effects were verified and excluded by using individual siRNA 

duplex components of both siRNA pools (data not shown). Cell adhesion was allowed for 12 hours 

in glutamine-deprived medium (time necessary to achieve a reliable knockdown of expression of 

both proteins) before the incubation with 3-BrPA.  

Stable knockdown of SDHA expression was performed by transfecting cells with a pSuper vector 

carrying a shRNA sequence against SDHA (shSDHA). Similarly, controls were transfected with a 

pSuper vector carrying a scrambled sequence (shScr). Both vectors were kindly provided by Prof. 

S. Grimm (Department of Experimental Medicine and Toxicology, Imperial College London, 

Hammersmith Campus, London, UK). 

Stable MCT-1 over-expression was achieved by transfecting cells with a pCI-neo vector containing 

the MCT-1 coding sequence (pCI-MCT-1). Controls were transfected with pCI-neo empty vector 

(mock). Both vectors were kindly provided by Prof. A.P. Halestrap (School of Biochemistry, 

Medical Sciences Building, University of Bristol, Bristol, UK).  

Stable dominant negative glutamine synthetase (DN-GS) over-expression was achieved by 

transfecting cells with a pCMV-Tag1 vector containing the Myc-tagged glutamine synthetase 

coding sequence carrying two inactivating mutations (P240S and R341C), kindly provided by Prof. 

Toshiyuki Araki (Department of Peripheral Nervous System Research, National Institute of 

Neuroscience, National Center of Neurology and Psychiatry, Kodaira,Tokyo, Japan). 

Stable expression of LC3-EGFP was achieved transfecting cells with a pEGFP-C2 vector 

containing the LC3 coding sequence, kindly provided by Prof. Francesco Cecconi (Department of 

Biology, University of Rome “Tor Vergata”). 

 

Analysis of cell viability and apoptosis  

Cell death was analyzed by measuring the permeability of the plasma membrane of the cell to 

Trypan blue. Adherent and detached cells were combined, washed by PBS and stained with 0.04% 



10 
 

Trypan blue. The percentages of dead cells were evaluated by counting the number of Trypan Blue+ 

cells [% dead cells = (Trypan blue+ positive cells/total cell number)*100]. For determination of 

apoptotic cells, adherent and detached HeLa cells were combined, washed by PBS and stained with 

50 µg/ml propidium iodide prior to analysis by a FACScalibur instrument (Becton Dickinson). The 

percentages of apoptotic cells were evaluated using the method of Nicoletti et al. (2).  

 

Clonogenic assay 

Analysis of clonogenic potential was performed accordingly to Franken and colleagues (3). 

Briefly, HeLa cells were incubated in glutamine containing or deprived medium, or alternatively in 

glutamine containing medium supplemented with GPNA for 12 hours before the addition of 50 µM 

3-BrPA. After 12 hours of 3-BrPA challenge, cells were washed, trypsinized and cultured in 

glutamine supplemented drug-free medium. After 12 days, the colonies were fixed stained with 

0.5% crystal violet and counted.  

 

Xenografts 

4x106 HeLa cells were injected subcutaneously into adult female (6 weeks old) Hsd:Athymic 

Nude-Foxn1nu mice (Harlan Laboratories, Italy). Mice were maintained in micro-isolator cages and 

fed with irradiated diet (Mucedola 4HRFN); drinking water was sterilized acidified with 2 drops of 

Amukin (Amuchina S.p.a., Genova, Italy) and renewed every 3 days. After thirty days, animals 

were randomized into 4 different groups, containing five mice each one, which were 

intraperitoneally daily injected with freshly prepared 3-BrPA (1.25 mg/kg), GPNA (20 mg/kg) or 

the combination of both compounds. The control group was treated with PBS. Tumor lengths (L) 

and widths (W) of sagittal sections were measured three times per week by manual caliper. After 14 

days, mice were scarificed. Tumor weights were measured and tumor volumes were calculated by 

the formula: Tumor Volume = 0.5 x L x W2. Tumor growth has been reported as % of tumor 
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volume increase with respect to the beginning of treatment. All experiments were approved by the 

Institutional Animal Care and Use Committee (IACUC) and carried out  according to the Italian 

rules (D.L.vo 116/92; C.E. 609/86). A veterinary surgeon has been present during the experiment. 

Animal care, before and after experiment, has been made only by trained personnel. 

 

RNA Extraction, cDNA Synthesis and qPCR 

Total RNA was isolated using TRI Reagent® (Sigma). To quantify mRNA expression levels in 

glutamine-fed and glutamine-deprived cells, cDNA were  synthesized using the GoScript™ Reverse 

Transcription System (Promega) from 1 µg of total RNA. cDNAs were mixed with the SYBR 

Green PCR Master Mix (Invitrogen Life Technologies) and 1 pmol of both forward and reverse 

primers for MCT-1 (forward, 5’-CATGCCACCACCAGCGAAG-3’; reverse 5’-

TGACAAGCAGCCACCAACAATC-3’) or SMCT-1 (forward, 5’-

ATGCCCCTGCCCTGGCTTTG-3’; reverse 5’-TGCTTTAAGACCACCCAGTGTGC-3’). β-actin 

(forward, 5’-GGCCGAGGACTTTGATTGCA-3’; reverse, 5’-GGGACTTCCTGTAACAACGCA-

3’) was used as an internal control. Amplification conditions for Real-Time qPCR, performed by 

using  StepOne Real Time PCR System (Applied Biosystems), were 95°C for 10 min, followed by 

40 cycles of 95°C for 15 s and 60°C for 1 min.  The specificity of the reaction was verified by melt 

curve analysis. The threshold crossing value was noted for each transcript and normalized to the 

internal control. The relative quantitation of each mRNA was performed using the comparative Ct 

method.  

 

Western blot (immunoblot) analyses  

Total protein extracts were obtained and their concentration were determined as previously 

described (4). Protein extracts were then separated by SDS/PAGE (12% gels) and blotted on to a 

nitrocellulose membrane (Bio-Rad Laboratories). polyclonal anti-MCT-1 and anti-LDH (Santa Cruz 

Biotechnology), anti-Atg5 (Cell Signaling Technlogy), anti-p62 (Cell Signaling Technlogy), 
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monoclonal anti-SDHA (MitoSciences), anti-LC3 (nanoTools), anti-Actin (Sigma), anti-Myc and 

anti-Na+/K+ATPase α (Santa Cruz Biotechnology) were used as primary antibodies. The specific 

protein complex, formed upon specific secondary antibody treatment, was identified using a 

Fluorchem Imaging system (Alpha Innotech, M-Medical, Milano, Italy) after incubation with 

ChemiGlow chemiluminescence substrate (Alpha Innotech).  

 

Subcellular fractionation 

Plasma membrane from glutamine-supplemented or deprived HeLa cells were isolated according 

to Piper and colleagues (5).Lactic dehydrogenase (LDH) and Na+/K+-ATPase α were used as 

markers for cytosol and plasma membrane fractions, respectively. 

 

Measurement of oxidative stress 

Detection of intracellular ROS by DCFH-DA was performed as previously described (4). 

Carbonylated proteins were detected using the Oxyblot Kit (Intergen) after reaction with DNP (2,4- 

dinitrophenylhydrazine) for 15 min at 25◦C. Samples were then resolved by SDS/PAGE (10% gels) 

and DNP-derivatized proteins were identified by immunoblotting using an anti-DNP antibody (4). 

 

Cytofluorimetric quantification of AVOs 

Acridine orange (AO) staining was used to detect the acidic vesicular organelles (AVOs) content 

(6). After 12 hours incubation with 3-BrPA, cells were incubated with 500 nM AO for 20 min, 

washed with PBS and cytofluorimetrically analyzed. The increase of FL-3 emitting cells (bright 

red) is considered proportional to the increase of intracellular acidification, which, in turn, mostly 

relies upon the accumulation of autolysosomes. 

 

Fluorescence microscopy analyses 
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Cells expressing LC3-EGFP were fixed with 4% paraformaldehyde and visualized by 

fluorescence microscopy. Images of cells were acquired and digitized with a Delta Vision 

Restoration Microscopy System (Applied Precision) equipped with an Olympus IX70 fluorescence 

microscope. 

 

Enzymatic activities measurements 

The activity of Complex II (succinate:coenzyme Q oxidoreductase activity) was measured by 

spectrophotometric assay as described by Lemarie and colleagues (7). Briefly, 50 μg of cell lysate 

was resuspended in phosphate buffer (35 mM, pH 7.3) supplemented with 2 mM KCN and 2 μg/mL 

Antimycin A. The suspension was combined with 40 mM succinate, 100 μM CoQ and 88 μM 

DCPIP. Following a 5 min incubation at 37 °C, the absorbance at 610 nm was recorded every 30 s 

during 5 min, monitoring the extinction of DCPIP at 37°C. Results were expressed as percentage of 

glutamine-fed control cells.  

The activity of glutamine synthetase was evaluated by monitoring spectrophotometrically the 

capability of this enzyme to produce γ-glutamyl-hydroxamate from glutamine and hydroxylamine 

as described by Minet and colleagues (8). Briefly, 50 μg of cell lysate was resuspended in reaction 

buffer consisting of 50 mM imidazole chloride (pH 6.8), 50 mM L-Gln, 25 mM hydroxylamine 

(NH2OH), 25 mM sodium arsenate, 2 mM MnCl2 and 0.16 mM ADP in a final volume of 0.5 ml. 

After incubation at 37°C for 45 min, the reaction was stopped by adding 1 ml of a solution of 2.42% 

FeCl3 and 1.45% TCA in 1.82 % HCl. Insoluble material was removed by centrifugation and the 

absorbance of the supernatant was measured at 540 nm. Results were expressed as absorbance at 

540 nm which is proportional to the enzyme activity.  

All reagents necessary for the measurement of both the enzymatic activities were purchased by 

Sigma. 

 

Extracellular lactate assay 
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Extracellular lactate concentration was assessed upon 6 hours of 3-BrPA or 2-DG treatment, as 

previously described (6). Briefly, 10 µl of trichloroacetic acid-precipitated proteins from cell media 

was incubated at room temperature in 290 µl of a 0.2 M glycine/hydrazine buffer, pH 9.2, 

containing 0.6 mg/ml NAD+ and 17 U/ml lactate dehydrogenase. NAD+ reduction was followed at 

340 nm and nmoles of NADH formed were considered stoichiometrically equivalent to extracellular 

lactate.  

 

ATP evaluation.  

ATP levels were measured upon 6 hours of 3-BrPA treatment by the ATP Bioluminescence 

Assay Kit CLS II (Roche Applied Science), according to manufacturer instructions (6). 

 

Glutamine determination 

Intracellular glutamine concentration was determined upon 12 hours of glutamine deprivation by 

the glutamine assay kit (Abnova), according to manufacturer instructions. 

 

NMR Spectroscopy Measurement 

Preparation of samples. Measurement of 3-BrPA levels in cell medium was achieved by NMR 

spectroscopy. In particular, HeLa cells were treated with 50 µM 3-BrPA-3-13C (Sigma) for 1 hour. 

Cell media were harvested, centrifuged at 900 g for 5 min and supernatants incubated with 70% 

ethanol. After centrifugation at 20,000 g for 30 min, supernatant were dried and suspended in 20% 

D2O, filtered and placed in a 5 mm NMR tube. As reference, cell-unconditioned glutamine-

supplemented and deprived media were incubated with 50 µM 3-BrPA-3-13C (Sigma) for 1 hour 

and processed as above described. The preparation of samples did not affected NMR spectrum of 3-

BrPA-3-13C with respect to freshly-prepared solution, obtained by dissolving 3-BrPA-3-13C in 20% 

D2O. 
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NMR Spectroscopy. A Bruker Avance 700 Ultrashield  spectrometer was used at a 13C frequency 

of 176.054 MHz.  NMR spectra were collected at a temperature kept constant at 300 K ± 0.1 K, 

after a 90° pulse over a time domain of 64K with a final size of 128K, by the Bruker pulse sequence 

library called zgpg (1D sequence with power-gated decoupling). The free induction decay was  FT  

transformed after an exponential multiplication by a LB factor of 4 Hz and a sine bell shifted 

multiplication of π/2, and referenced as chemical shift and quantitatively with respect to DSS. 

Several preliminary measures have been performed with 13C labelled samples to setup the 

experimental condition and to verify the threshold of sensitivity with respect to noise 

(concentration, number of scans, impulse length, spectral width etc.) (data not shown). The best 

parameters were found  SF0=176.054 MHz; ns=10240; p1=14,60μs; pl1=3,30db; SI=128k; td=64k. 

After this setup procedure the same conditions have been applied to all the samples examined 

repeating the same measurements to obtain reliable and reproducible results.  

 

Data Presentation.  

Unless otherwise indicated, all experiments were done at least three different times and data are 

expressed as means±S.D. Data significance was evaluated using a Student’s t test corrected by 

Bonferroni’s method. P values <0.05 were considered significant. 
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