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S1. Experimental methods for the alkaline single-cell gel electrophoresis (comet) assays and 
modified comet assays to detect BrdU-labeled DNA 
 
To determine the effects of hypoxia on DNA damage induced by etoposide, cells were incubated 

for 24 h in standard (20% O2) or hypoxic (0.2% O2) conditions before culture media were 

replaced with either complete medium (for untreated controls) or complete medium containing 

etoposide (50-125 μM for 1 h in standard culture conditions; Sigma-Aldrich Canada Ltd.). Cells 

were quickly washed once with PBS, collected by trypsinization and a sample from each group 

was promptly transferred to ice for assessment of DNA damage (the remaining cells were 

maintained at room temperature (RT) for use in clonogenic assays as described elsewhere). DNA 

damage was measured using the alkaline single-cell gel electrophoresis (“comet”) assay as 

described previously (1, 2) with some minor modifications. Slides were prepared containing 

single-cell suspensions (30,000 cells/ml/slide) in 0.75% (w/v) SeaPlaque® low melting 

temperature agarose (Lonza) (prepared in PBS and held at 40°C) and allowed to set on a cold 

metal tray for ~1 min. Slides were carefully submersed in ice-cold alkaline lysis solution (2.5 M 

NaCl, 100 mM EDTA, 10 mM Trizma base, pH 10.0, with 1% (v/v) Triton X-100 added fresh 

just prior to lysis), and incubated for 1 h at 4°C. Slides were then carefully washed in ice-cold 

distilled water (3 × 5 min), and transferred to ice-cold alkaline electrophoresis solution (1 mM 

EDTA, 300 mM NaOH, pH > 13) for 25 min at 4°C to allow DNA unwinding. Electrophoresis 

was performed at 0.7 V/cm, ~300 mA, for 25 min at 4°C, slides were then neutralized (3 × 5 min 

in 0.5 mM Tris-HCl, pH 7.5, and 2 × 5 min in PBS), dehydrated in methanol (2 min at RT), and 

dried overnight. Slides were stained with 1:10,000 SYBR Green 1 (Invitrogen Molecular Probes) 

and individual comets were visualized using an Olympus IMT-2 inverted microscope with 



epifluorescence capabilities, projecting images onto a Moticam 2000 MCCamera (Motic 

Instruments Inc.). Comet analysis was performed using CometScore™ software version 1.5 

(Tritek Corporation), scoring between 200 and 350 comets per condition. The % DNA in tail was 

chosen as a measure of DNA damage and results are presented as the frequency distribution of 

binned data, with a bin width of 5% DNA in tail. 

 

To assess DNA repair capacity cells were treated as described above except that following drug 

exposure they were either promptly transferred to ice or returned to standard culture conditions 

for 5-90 min before comet slides were prepared. To quantify DNA repair over time, % DNA in 

tail values were arranged in ascending order for each individual time point and the mean % DNA 

in tail was determined for the 20% of cells displaying the greatest extent of damage. Data are 

presented as the pooled mean % DNA in tail over time. The effect of hypoxia on etoposide-

induced DNA damage was determined by comparing the mean percentage of cells with comets 

below the established DNA damage threshold following culture in hypoxia or standard culture 

conditions.  

 

To investigate the effect of hypoxia on DNA damage related to position in the cell cycle, slightly 

modified comet assays (3) were performed on cells labeled with bromodeoxyuridine (BrdU), a 

uridine derivative that is incorporated into the DNA of cells actively undergoing DNA synthesis. 

Cells were cultured for 24 h in standard (20% O2) or hypoxic (0.2% O2) conditions (in the glove-

box hypoxic chamber). To identify cells in S-phase at the time of etoposide treatment culture 

media were replaced with preequilibrated medium containing BrdU (20 μM; BD Pharmingen) 

during the final hour of the 24-h incubation. Alternatively, to identify cells in G0 of the cell cycle 



(i.e. the non-cycling population) cells were incubated in BrdU media for the final 21 h of the 24 

h period. Following the incubation in BrdU media cells were washed once with PBS, exposed to 

etoposide (50-125 μM for 1 h in 20% O2), and subsequently assayed by clonogenic and alkaline 

comet assays. The comet assay was performed as described above, except following 

neutralization slides were incubated with FITC-conjugated anti-BrdU antibody (1:2.5 dilution in 

PBS containing 0.5% Tween 20, overnight at 4°C; BD Pharmingen). Slides were then washed in 

PBS-Tween 20 (3 × 5 min at RT), air-dried overnight, stained with propidium iodide (5 μg/ml in 

PBS-Tween 20; 10 min), and washed in distilled water (2 × 5 min). Comets were visualized as 

described earlier and a comparison of FITC-associated fluorescence with propidium iodide-

associated fluorescence was used to identify comets containing BrdU-labeled DNA, allowing 

separate analysis of BrdU-positive and BrdU-negative populations.  
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