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Supplementary Figure Legends 

Supplemental Figure 1. The TARDIS assay lysis conditions remove chromatin proteins including 
histones and permit the specific detection of proteins covalently attached to genomic DNA. (A) 
TOP2A and histone proteins detected by immunofluorescent staining after standard 
paraformaldehyde immunofluorescent fixation (left) and TADIS extraction. Etoposide induces TOP2-
DNA covalent complexes at least some of which are decorated with ubiquitin (B) and SUMO2/3 (C).  

Supplemental Figure 2. PR-619 induces TOP2A and TOP2B DNA covalent complexes. K562 cells were 
incubated with PR-619 or etoposide at the concentrations indicated, or with solvent control (DMSO) 
for two hours. After washing in cold PBS cells were mixed with low melting point agarose at 37oC, 
spread on glass slides, lysed and extracted in situ. Covalent TOP2-DNA complexes and ubiquitinated 
proteins were detected and quantified by quantitative immunofluorescence using TOP2 isoform-
specific TOP2 antibodies and anti-ubiquitin FK2. (A & B) Examples of images from slides used to 
quantify TOP2A (A), TOP2B (B) and ubiquitin (A & B) immunofluorescence. Bar=50μm. (C) 
Quantification of TOP2A, TOP2B and ubiquitin signal. Data are shown as scatter graphs showing 
median and interquartile ranges. Each spot represents the immunofluorescence signal from a single 
nucleus. Data shown are derived from a single representative experiment but are representative of 
three replicate experiments. 

Supplemental Fig. 3 PR619 induces SUMOylated TOP2-DNA complexes. (A) K562 cells were treated 
with 50μM PR-619 with or without preincubation with the SAE inhibitor ML-792 (He et al., 2017) (2μM, 
4hr). Slides were prepared using the TARDIS protocol with TOP2A, TOP2B or anti-SUMO2/3 antibodies 
and were imaged using a 40X objective. (B&C) Cells were pre-treated with either ML-792(2μM, 4hr) 
or 2-DO8 (100μM, 18hr) before adding PR-619 (80μM) or etoposide (100μM) for two hours. TARDIS 
analysis was performed as in Supplemental Figs. 1&2. For (B) and (C), data are the mean of the median 
integrated fluorescence values per nucleus from three replicates +/- SD. Statistical analysis was 
performed by t-test 

Supplemental Figure 4. Distribution of TOP2A in DRT-extracted HeLa cells. HeLa cells grown on glass 

coverslips were extracted in DRT buffer, fixed at room temperature with 4% paraformaldehyde in PBS 

and TOP2A was detected by immunofluorescence. Nuclei were counterstained with DAPI and images 

were recorded using 40X and 60X objectives. The contrast of the DAPI staining pattern was enhanced 

using a high pass filter (Photoshop) to visualize nucleoli which appear as low intensity regions within 

DAPI-stained nuclei. 

Supplemental Figure 5. Distribution of TOP2B in DRT-extracted HeLa cells. HeLa cells grown on glass 

coverslips were extracted in DRT buffer, fixed at room temperature with 4% paraformaldehyde in PBS 

and TOP2B was detected by immunofluorescence. Nuclei were counterstained with DAPI and the 

contrast of the DAPI staining pattern was enhance using a high pass filter (Photoshop) to visualize 

nucleoli. 

Supplemental Figure 6.  Neither etoposide nor PR-619-induced covalent DNA complexes are 

affected by RNase treatment. K562 cells were treated with etoposide or PR-619 for two hours. Cells 

were embedded on agarose in glass slides and lysed and extracted in situ as described for the TARDIS 

assay. Slides were then incubated with DNAse-free RNase (50μg/ml) or PBS at 37℃ before washing 

and detection of TOP2A or TOP2B by immunofluorescence. (A) TOP2A and TOP2B covalent-DNA 

complexes were quantified using the TARDIS assay. The results shown are the means of the median 

integrated fluorescence per nucleus from 4 separate fields of view from different regions of each slide. 

(B) Representative images captured using a 40X objective with a fixed exposure for each antibody. 

 



Supplemental Figure 7. Distribution of TOP2A-DNA complexes induced by etoposide, PR-619 or 
combinations of both drugs. K562 cells were treated with Etoposide or PR-619 individually for 150 
minutes, with both for 150 min or with either one of the drugs first for 30 minutes before adding the 
other drug as indicated for 120 minutes and then collecting the cells for TOP2A TARDIS analysis. 
Images were acquired as z-stacks using a 40X objective, representative nuclei are shown from 
extended focus images. 

Supplemental Figure 8 Distribution of TOP2B-DNA complexes induced by etoposide, PR-619 or 
combinations of both drugs. K562 cells were treated with Etoposide or PR-619 individually for 150 
minutes, with both for 150 min or with either one of the drugs first for 30 minutes before adding the 
other drug as indicated for 120 minutes and then collecting the cells for TOP2B TARDIS analysis. 
Images were acquired as z-stacks using a 40X objective, representative nuclei are shown from 
extended focus images. 

 

Supplemental Figure 9. Etoposide and PR-619 – induced H2AX phosphorylation. K562 cells were 
incubated with etoposide or PR-619 as indicated for 2hr and histone H2AX phosphorylation was 
determined by quantitative immunofluorescence. Inset, scatter graph representing data one replica 
experiment. Main figure means of medians derived from three replicate slides (individual values 
shown as circles). 
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