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Captions of Tables and Figures 

Table S1 In vitro impact on cell viability of selected DBPs in Caco-2 cell line using neutral 

red uptake (NRU), 4h exposure. 

Figure S1 Changes in cytotoxicity following immediate dosing of HBQs versus dosing 

following 1h delay with HBQs dissolved in assay medium, presented as % Negative Control 

±SE; A) 2,6-dichloro-p-benzoquinone (DCBQ), B) 2,6-dibromo-p-benzoquinone (DBBQ). 

Figure S2 Comparison of changes in cytotoxicity immediate dosing of HBQs versus dosing 

following 1h delay with HBQs dissolved in assay medium (F12), presented as IC50 (µM); 

lower value indicates higher cytotoxicity. 

Figure S3 Caco-2 acute (4h) cytotoxicity (MTS) concentration-response curves for: A) 

HAAs, and B) HBQs; presented as % Negative Control. 

Figure S4 Pathway specific activity of the selected 5 DBPs; Oxidative stress-responsive 

ARE-bla, and DNA damage-responsive p53RE-bla; Assay activity presented as 1/ECIR1.5 

(µM) ±SE. 

Figure S5 CHO chronic (72h) cytotoxicity dose-response curves for the two HBQs, presented 

as % Negative Control ±SE. 

Figure S6 Cytotoxicity of HBQs in 2 cell lines, Caco-2 (4h) and CHO (72h), presented as % 

Negative Control ±SE; A) 2,6-dichloro-p-benzoquinone (DCBQ), B) 2,6-dibromo-p-

benzoquinone (DBBQ). 

Figure S7 Caco-2 (NRU) cytotoxicity concentration-response curves of selected HAAs, 

presented as % Negative Control ±SE; A) Chloroacetic acid (CAA), B) Bromoacetic acid 

(BAA), C) Iodoacetic acid (IAA). 
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Figure S8 Caco-2 (NRU) cytotoxicity concentration-response curves of selected HBQs, 

presented as % Negative Control ±SE; A) 2,6-dichloro-p-benzoquinone (DCBQ), B) 2,6-

dibromo-p-benzoquinone (DBBQ). 
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HBQ reactivity with assay media and its impact on cytotoxicity 

Caco-2 cells did not show difference in cytotoxic response to HBQs dosed immediately or 

with a delay of 1h (Figure S1), however we found a pronounced difference in CHO cell 

cytotoxic response depending on the addition of the HBQ to the cells, either immediately 

(direct) or with >20 minute incubation in the assay media (F12) (Figure S2). The medium 

showed a rapid change in colour and when this altered medium was added to cells the toxic 

response was lower than when we added the HBQs to the microplate immediately with cells 

present.
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Figure S1 Changes in cytotoxicity following immediate dosing of HBQs versus dosing 

following 1h delay with HBQs dissolved in assay medium, presented as % Negative Control 

±SE; A) 2,6-dichloro-p-benzoquinone (DCBQ), B) 2,6-dibromo-p-benzoquinone (DBBQ). 
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Figure S2 Comparison of changes in cytotoxicity immediate dosing of HBQs versus dosing 

following 1h delay with HBQs dissolved in assay medium (F12), presented as IC50 (µM); 

lower value indicates higher cytotoxicity.  
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Caco-2 acute cytotoxicity assay procedure 

The Caco-2 cytotoxicity assay was performed as described in Leusch et al.1 with minor 

modifications. To summarize briefly, we prepared each of the tested DBPs as a concentrated 

stock in methanol (MeOH) up to a concentration of 1 M or, in case of HBQs, to a limit of 

solubility (~0.25 M). We then followed the standard procedure described in Leusch et al.1 

seeding the plates at density of 2×104 per well using Scepter cell counter (Millipore) in 96-

well microtiter plates (Greiner Bio-one Cellstar; Cat# 655-180); using PBS (pH 7.4, 

Invitrogen), 0.12% (w/v) trypsin/EDTA (Invitrogen) solution and growth medium 

(DMEM/F12 with Phenol Red, Invitrogen). On Day 2 of the assay we removed the growth 

medium from each test well using a vacuum aspirator and washed each well twice with 

150µL of warm (37°C) PBS (pH 7.4), then added 50µL of assay medium (DMEM/F12 

without Phenol Red) into each test well. We then added serially diluted DBPs into the test 

wells to a total volume of 100µL per well, leaving a no-treatment control (i.e., negative 

control). After 4h of incubation at 37°C and 5% CO2, we again washed the cells with PBS 

(2×), and followed the manufacturer’s instructions for Promega CellTiter 96® Aqueous One 

Solution Cell Proliferation Assay Kit2, measuring absorbance at 490 nm using a Fluostar 

Omega (BMG Labtech, Germany) plate reader. 

For each DBP we generated an in vitro Caco-2 cytotoxicity concentration-response curve 

(Figure S1) combining the data from all the individual runs (minimum of two individual runs 

on two separate days). We first converted the absolute absorbance values to % mean 

absorbance of untreated cell control wells (i.e., % negative control) by first subtracting the 

mean background absorbance from the absolute absorbance value of each test well, then 

dividing the resulting value by the mean absorbance of the negative control, and finally 

multiplying by 100.  We then normalized the data in GraphPad Prism® 5.0 for Windows 
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using the program’s “Normalize” function to standardize slight fluctuations between each run 

and plotted the % negative control values against the log concentration (M) and calculated 

median inhibition concentrations (IC50) for each of the DBPs using the “log(inhibitor) vs 

response (four parameter)” model in GraphPad Prism® 5.0 for Windows, while anchoring the 

bottom constraint to 0% and the top to 100%.  
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Figure S3 Caco-2 acute (4h) cytotoxicity (MTS) concentration-response curves for: A) 

HAAs, and B) HBQs; presented as % Negative Control.  
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ARE-bla and p53RE-bla assay procedures 

We used two CellSensor™ (Invitrogen) cell-based assays utilizing the GeneBLAzer™ 

technology, ARE-bla and p53RE-bla, to evaluate oxidative stress and DNA damage 

response, respectively. The exposure times for the assays were as per standard manufacturer’s 

protocol, 15h and 16h for the ARE-bla and p53RE-bla, respectively.3,4 

The protocols were modified to a small degree: fluorescence emission was read at 520nm 

instead of 530nm due to technical limitations of the microplate reader used (FLUOstar 

Omega, BMG Labtech; Mornington, Vic, Australia); half of the amount of ‘Solution A’ and 

‘Solution B’ were added into the final incubation step; and a two-fold and 12-fold reduction 

of the amount of ‘Solution D’ was added into the final incubation step for the p53RE-bla and 

ARE-bla, respectively.  

In order to determine the pathway-specific in vitro activity (Figure S2) in ARE-bla and p53-

bla assays, we calculated the effect concentrations corresponding to 1.5× the induction ratio 

(ECIR1.5) using a method described in detail by Escher et al.5   
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Figure S4 Pathway specific activity of the selected 5 DBPs; Oxidative stress-responsive 

ARE-bla, and DNA damage-responsive p53RE-bla; Assay activity presented as 1/ECIR1.5 

(µM) ±SE.  
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Figure S5 CHO chronic (72h) cytotoxicity dose-response curves for the two HBQs, presented 

as % Negative Control ±SE.  
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Figure S6 Cytotoxicity of HBQs in 2 cell lines, Caco-2 (4h) and CHO (72h), presented as % 

Negative Control ±SE; A) 2,6-dichloro-p-benzoquinone (DCBQ), B) 2,6-dibromo-p-

benzoquinone (DBBQ).  
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Table S2 In vitro impact on cell viability of selected DBPs in Caco-2 cell line using neutral 

red uptake (NRU), 4h exposure. 

Compound/ Endpoint log IC50/M
#
 ± SE IC50

# 
(µµµµM) 

CAA -2.91 ± 0.02 1240 

BAA -4.18 ± 0.03 65 

IAA -4.56 ± 0.03 27 

DCBQ -3.64 ± 0.02 228 

DBBQ -3.47 ± 0.03 339 

#mean value  
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Figure S7 Caco-2 (NRU) cytotoxicity concentration-response curves of selected HAAs, 

presented as % Negative Control ±SE; A) Chloroacetic acid (CAA), B) Bromoacetic acid 

(BAA), C) Iodoacetic acid (IAA).  
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Figure S8 Caco-2 (NRU) cytotoxicity concentration-response curves of selected HBQs, 

presented as % Negative Control ±SE; A) 2,6-dichloro-p-benzoquinone (DCBQ), B) 2,6-

dibromo-p-benzoquinone (DBBQ).  
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