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            Abstract
Oncoproteins of the MYC family drive the development of numerous human tumours1. In unperturbed cells, MYC proteins bind to nearly all active promoters and control transcription by RNA polymerase II2,3. MYC proteins can also coordinate transcription with DNA replication4,5 and promote the repair of transcription-associated DNA damage6, but how they exert these mechanistically diverse functions is unknown. Here we show that MYC dissociates from many of its binding sites in active promoters and forms multimeric, often sphere-like structures in response to perturbation of transcription elongation, mRNA splicing or inhibition of the proteasome. Multimerization is accompanied by a global change in the MYC interactome towards proteins involved in transcription termination and RNA processing. MYC multimers accumulate on chromatin immediately adjacent to stalled replication forks and surround FANCD2, ATR and BRCA1 proteins, which are located at stalled forks7,8. MYC multimerization is triggered in a HUWE16 and ubiquitylation-dependent manner. At active promoters, MYC multimers block antisense transcription and stabilize FANCD2 association with chromatin. This limits DNA double strand break formation during S-phase, suggesting that the multimerization of MYC enables tumour cells to proliferate under stressful conditions.
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                    Fig. 1: MYC proteins multimerize to form sphere-like structures.[image: ]


Fig. 2: Multimerization sequesters MYC from RNAPII.[image: ]


Fig. 3: Multimerization of MYC shields stalled replication forks.[image: ]


Fig. 4: HUWE1-dependent K6-linked ubiquitylation controls multimerization of MYC and responses to replication stress.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Cryo-EM structures of RAD51 assembled on nucleosomes containing a DSB site
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 March 2024
                                    

                                

                                Takuro Shioi, Suguru Hatazawa, … Hitoshi Kurumizaka

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Targeting DCAF5 suppresses SMARCB1-mutant cancer by stabilizing SWI/SNF
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Sandi Radko-Juettner, Hong Yue, … Charles W. M. Roberts

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The CRL5–SPSB3 ubiquitin ligase targets nuclear cGAS for degradation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         28 February 2024
                                    

                                

                                Pengbiao Xu, Ying Liu, … Andrea Ablasser

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Data availability

              
              Sequencing datasets generated during this study are available at the Gene Expression Omnibus under accessions GSE205585 and GSE183094. The 4sU-seq dataset of MYC-depleted cells is available under accession GSE115365. The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE70 partner repository with the dataset identifier PXD036674.

            

Code availability

              
              The code used for super-resolution microscopy analysis is available on GitHub at https://github.com/super-resolution/Solvie-et-al-supplement.
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Extended data figures and tables

Extended Data Fig. 1 Controls for dSTORM analyses.
a. Heatmap of tiled MYC peptide microarrays. Arrays spotted with 30 amino acid MYC-peptides covering the complete protein were incubated with the indicated antibodies. The inset shows the sequenced recognized by the rabbit monoclonal Y69 antibody. b. Heatmap of tiled peptide microarrays for MYC, MYCN and MYCL. Arrays spotted with 15mer MYC-peptides covering the complete proteins were incubated with the Y69 antibody. c. dSTORM using MYC antibody Y69 in unperturbed U2OS cells at highly dilute labeling conditions. The inset shows a zoom-in in which individual signals can be distinguished. The staining was performed 4 times and each time 3–5 images were taken. Scale bar: 5 µm. d. Cumulative density functions of MYC molecules per cluster in unperturbed U2OS cells under saturating (dark blue) and diluted antibody (orange) labeling conditions and in data simulating a single-molecule distribution for saturating antibody concentrations (green) (n = 7 cells examined over 3 independent experiments). e. Percentage of MYC molecules in clusters of ≥ 100 molecules per cluster in unperturbed HCT116, HeLa, MCF10A and U2OS cells (n = 7 cells per cell line examined over 3 independent experiments). f. dSTORM using MYC antibody Y69 in U2OSMYC-Tet-On cells (DOX, 1 µg/ml, 24 h) at saturated labeling conditions. Staining was performed thrice with at least 2–4 images taken each time. Scale bar: 5 µm. g. Average Ripley`s K function for experimental (blue) and simulated (grey) localization data in unperturbed U2OS cells under diluted (left) and saturating (middle) labeling conditions, as well as in U2OSMYC-Tet-On cells (DOX, 1 µg/ml, 24 h) under saturating labeling conditions (right). In each panel the upper simulation represents the apparent clustering data expected for a monomeric protein distribution. The lower curve represents a homogeneous signal distribution of all localizations. 95% confidence intervals are colored in light grey. In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 2 Characterization of MYC Multimers.
a. Bar plot showing the results of a small molecule screen in U2OSMYC-Tet-On cells (DOX, 1 µg/ml, 24 h) to identify conditions that influence the formation of MYC multimers. Treatment with indicated compounds for 4 h. Bars below indicate grouping according to targets (DDR: DNA damage response, TOPO: Topisome). At minimum, 500 cells were analyzed in each condition per replicate. Shown are Z-scores for biological replicates with mean ± S.E.M. (n = 4). Mann-Whitney U, two-sided, with following p-values: MG-132 = 5e-5, RA-190 = 9.3e-4, P22077 = 3.9e-3, CBL0137 = 3.9e-3, PlaB = 9.3e-4. Inset shows representative example of automated spot detection. b. Validation using siRNAs in U2OSMYC-Tet-On cells (DOX, 1 µg/ml, 24 h). Multimers per nucleus assessed by immunofluorescence. Shown are Z-score normalized numbers of multimers. n = 1500 cells per condition examined over three independent experiments. Data are expressed as mean ± S.E.M. Two sided Mann-Whitney U test was used for comparison to non-targeting control (NTC) with following p-values: SF3B1 < 2.2e-16, PSMA3 < 2.2e-16, SUPT16H < 2.2e-16 (left). Exemplary pictures (right). Scale bar: 10 µm. c. Heatmap assessing influence of different stressors on MYC multimerization (FCCP: 5 µM, 18 h; puromycin 2.5 µg/ml,4 h; sucrose 0.2 M, 2 h; arsenite 0.5 mM,1 h; Q or Glu starvation 18 h; heat shock (HS) 30 min 42 °C). Multimers per nucleus assessed by immunofluorescence and normalized using Z-score. Mean of triplicates shown with ≥ 200 cells per condition per replicate (n = 3). d. Heatmap assessing MYC levels across a panel of indicated cell lines (transformed and non-transformed) treated as indicated (MG-132: 20 µM, 4 h) (left). Heatmap assessing MYC multimerization treated with MG-132 (20 µM), CBL0137 (5 µM) or PlaB (1 µM) for 4 h and HS (42 °C, 2 h). Where indicated, DOX was added to U2OSMYC-Tet-On cells for 24 h. Shown are mean of biological triplicates. Z-scores calculated within cell lines (n = 3) (right). e. Exemplary pictures of transformed and non-transformed cells upon indicated treatments. KPC: a KRAS/P53mut-driven pancreatic tumor cells32. Scale bar: 10 µm. f. Immunofluorescence of MYCN in IMR5 MYCN-amplified neuroblastoma cells upon 4 h treatment with MG-132 (20 µM), CBL0137 (5 µM) and PlaB (1 µM). Scale bar: 10 µm (n = 3). g. Confocal immunofluorescence images showing reversal of foci formation by MYC with 1,6-hexanediol following treatment with DOX (1 µg/ml, 24 h) and MG-132 (20 µM, 4 h) in U2OSMYC-Tet-On cells. Scale bar: 10 µm (n = 3). h. Immunofluorescence of U2OSMYC-Tet-On cells treated with DOX (1 µg/ml, 24 h), MG-132 (20 µM), CBL0137 (5 µM) and PlaB (1 µM) for 4 h or HS (42 °C for 30 min). Data are mean ± S.E.M. normalized to t = 0 (n = 3). Lines represent a polynomial regression model of 2nd-order. In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 3 Further characterization of MYC Multimers.
a. Immunoblots of co-IP experiments with tagged MYC proteins. MYC-FLAG and MYC-HA were transfected into HEK293T cells. MYC-FLAG was precipitated, and co-precipitated MYC-HA was analyzed by immunoblotting. Beads coupled to non-specific IgG, or cells expressing only MYC-HA were used as controls. VINCULIN shown as loading control (n = 3). For gel source data, see Supplementary Fig 1. b. PLAs to probe for multimeric MYC in sections from iliac crest of patients with myeloma/plasmacytoma. (Middle and right): The patient was treated with proteasomal inhibitor bortezomib in combination with radiotherapy, and normal hematopoietic cells are compared with myeloma cells. (Left): “CTL” are pretreatment biopsies. Scale bar: 10 µm (n = 2). c. Fluorescence pictures of in vitro droplet formation by recombinant MYC-mCherry (top) and ∆N-MYC-mCherry (bottom) (2, 1, 0.5, 0.25 µM protein) under different salt conditions (500, 250, 125 mM NaCl). Scale bar: 50 µm (n = 3). d. Representative images of in vitro assays probing for the permeability of MYC droplets for dextrans of different molecular weights. e. Pixelwise Pearson correlation coefficient of permeability measured by the mean fluorescence intensity of FITC-dextran detected within MYC droplets. Shown is mean ± S.E.M. (n = 3). f. Graph of predicted disordered domain (PONDR, VSL-2) of the MYC protein with indications of depleted or substituted regions in the MYC-mutants used. g. Bar graph visualizing multimerization ability of MYC-mutants compared to wildtype MYC(WT) upon MG-132 (20 µM, 4 h) treatment. Shown is the mean ± S.D. (n = 3). Unpaired t-test, two-sided, was used for comparison to full-length MYC (FL) with following p-values: ∆N-MYC = 6.1e-4, K-less-MYC = 6.39e-3, ∆TAD-MYC = 1.71e-3, ∆Box-MYC = 9.66e-2, ∆BoxII-MYC = 5.37e-1, ∆C-MYC = 3.47e-2, ∆BoxI-MYC = 2.15e-2. h. Fluorescence pictures of in vitro colocalization of recombinant MYC-mCherry (1 µM) with MAX-eGFP (1 µM) proteins. Controls only have single component. Scale bar: 50 µm (n = 3). In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 4 Relationship of MYC multimers to nucleoli and PML bodies.
a. Immunofluorescence of MAX and MYC upon treatment with DOX (1 µg/ml, 24 h) and MG-132 (20 µM, 4 h) in U2OSMYC-Tet-On cells. Scale bar: 5 µm (n = 3). b. Immunofluorescence of MAX and MYC upon treatment with DOX (1 µg/ml, 24 h), MG-132 (20 µM, 4 h) and 10058-F4 (150 µM, 6 h) in U2OSMYC-Tet-On cells. Scale bar: 5 µm (n = 3). c. Bar plot quantifying results from (b). Shown are fold changes of numbers of multimers compared to MG-132 treated cells. The number of cells analyzed are: DMSO (n = 494), MG-132 (n = 825), 10058-F4 (n = 1087), MG-132+10058-F4 (n = 852) over three independent experiments. Data are shown as mean ± S.E.M. Two sided Mann-Whitney U test was used for comparison to MG-132 treated cells with following p-values: DMSO < 2.2e-16, MG-132+10058-F4 < 2.2e-16. d. dSTORM of MYC using antibody Y69 in U2OS cells treated MG-132 (20 µM), CBL0137 (5 µM) and PlaB (1 µM) for 4 h or HS (42 °C for 30 min), at saturated labeling conditions (n = 3). Scale bar: 5 µm. e. Confocal immunofluorescence using RNA Polymerase I (RNAPI), PML (PCC = 0.465) and MYC in U2OSMYC-Tet-On cells treated with DOX (1 µg/ml, 24 h) and MG-132 (20 µM, 4 h). Scale bar: 5 µm (n = 3). f. Immunofluorescence of MYC and Fibrillarin upon treatment with DOX (1 µg/ml, 24 h), MG-132 (20 µM, 4 h) or CX5461 (0.5 µM, 4 h) in U2OSMYC-Tet-On cells. Scale bar: 5 µm (n = 3). In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 5 Redistribution of MYC on chromatin.
a. Heatmap of MYC occupancy analyzed by ChIP-Rx at 9,743 MYC promoters and 14,855 non-promoter sites in U2OSMYC-Tet-On treated as indicated (HS: 42 °C for 30 min; DOX: 1 µg/ml, 24 h) followed by recovery for 30 min and 5 h (n = 2). b. Proportion of total called MACS2 peaks of indicated proteins which show reduced (loss) or increased (gain) occupancy after 4 h MG-132 treated for MYC in U2OSMYC-Tet-On cells in absence or presence of DOX (CTL: n = 2; DOX: n = 3). c. Accumulation of JUN at 4,452 JUN-bound promoters documented by CUT&RUN. Average density plot of U2OSMYC-Tet-On cells at indicated conditions (MG-132: 20 µM, 4 h; DOX: 1 µg/ml, 24 h) (n = 1). d. MYC ChIP qPCR of chromatin from U2OSMYC-Tet-On cells documenting occupancy of MYC at the indicated promoters in control cells and exposure to DOX (1 µg/ml, 24 h), MG-132 (20 µM, 4 h), CBL0137 (5 µM, 5 h), or PlaB (1 µM, 4 h). Shown is mean of technical triplicates of one representative experiment of three biological replicates. e. Consensus motifs in non-promoter MYC binding sites using de-novo search algorithm (HOMER) at the 4,210 MYC binding sites non-promoters with increasing MYC levels and 6,644 promoter sites where MYC occupancy is reduced upon MG-132 (20 µM, 4 h) treatment (n = 2). f. Average density plot of MAX occupancy analyzed by CUT&RUN. MAX occupancy in U2OSMYC-Tet-On cells upon treatment with DOX (1 µg/ml, 24 h) and MG-132 (20 µM, 4 h) at 6,644 promoter sites where MYC occupancy is reduced (left) and 4,210 non-promoter sites with increasing MYC occupancy (right) upon MG-132 treatment (n = 1). g. Venn diagram of results from co-localization studies using quantitative immunofluorescence considering proteins as colocalizing at a cut-off of PCC = 0.3. h. GO-term analysis of significantly (FDR < 0.05) enriched proteins upon MYC multimerization in APEX2 experiments (Fig. 2c). Hypergeometric p-values with correction for multiple testing using the gSCS algorithm in gprofiler2. i. Average density plot of SPT5 ChIP-Rx across genes at the 6,644 promoter sites where MYC occupancy is reduced upon MG-132 treatment in U2OSMYC-Tet-On cells (MG-132: 20 µM, 4 h; DOX: 1 µg/ml, 24 h) (n = 2). In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 6 Functions of MYC multimers.
a. Volcano Plot of 4sU data showing transcriptional responses to changes in MYC levels (DOX: 1 µg/ml, 10 h) in U2OSMYC-Tet-On cells in presence or absence of MG-132 (20 µM, 5 h). Orange color indicates regulation +/− 1.5-fold. The color scale represents q-values for Benjamini-Höchberg multiple hypothesis correction (n = 3). b. Heatmap of Z-scores calculated from normalized 4sU Seq reads over 13,101 expressed genes, sorted for MYC driven gene regulation indicating transcriptional responses to doxycycline-mediated induction of MYC in the absence (top) and presence (bottom) of MG-132 (10 µM; 4 h) (n = 3). c. Pixel-wise Pearson correlation coefficient of pS2RNAPII and SPT5 calculated based on immunofluorescence data across the nucleus in absence (CTL) or presence of multimers (PlaB, 4 h, 1 µM; CBL0137, 4 h, 5 µM). n = 15 cells were analyzed per condition over three independent experiments. Box plots are defined as in Fig. 3g. Two sided Mann-Whitney U test was used. d. Illustration of the positional co-localization workflow (top). Positional co-localization of indicated proteins with MYC multimers in U2OSMYC-Tet-On cells upon treatment with DOX (1 µg/ml, 24 h) and MG-132 (20 µM, 4 h). Inner circle indicating the proportion of MYC multimers co-localizing with indicated protein. Outer circle indicating proportion of MYC multimers with homogeneous shape or hollow sphere (bottom). e. Confocal Immunofluorescence pictures of unperturbed U2OSMYC-Tet-On cells of indicated proteins. Scale bar: 5 µm (n = 3). f. Immunofluorescence pictures of U2OSMYC-Tet-On cells showing MYC and pATR upon treatment with DOX (1 µg/ml, 24 h), MG-132 (20 µM, 4 h) and CX-5461 (1 µM, 4 h). Scale bar: 5 µm (n = 3). g. Confocal imaging of triple staining of MYC, BRCA1 and Fibrillarin upon MG-132 treatment (4 h, 20 µM) Scale bar: 5 µm (n = 3). In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 7 Characterization of MYC binding sites on chromatin.
a. Heatmap from CUT&RUN sequencing data showing FANCD2 (n = 2) and ATR (n = 1) association with (left) non-promoter and (right) promoter sites in control U2OS cells and in cells exposed to hydroxyurea (HU, 5 mM, 2 h) or Aphidicolin (APH, 400 nM, 14 h) as indicated. Heatmap centered around peaks called in FANCD2 treated with APH. b. Correlation of change in MYC occupancy after MG-132 or HU treatment at n = 31,970 peaks called from FANCD2 CUT&RUN in one of two independent experiments with similar results (HU: 3.5 mM, 4 h; MG-132: 20 µM, 4 h) (p-value < 2.2*10−16; significance level of Pearson’s product-moment correlation t-test, two-sided). c. Heatmaps showing input-normalized MYC ChIP-Rx reads, RNAPII ChIP-Rx sequencing reads or FANCD2 and ATR CUT&RUN reads in U2OS cells treated with MG-132 (20 µM, 5 h), Aphidicolin (APH, 0.4 µM, 14 h) or hydroxyurea (HU, 5 mM, 2 h) of 909 promoters with MYC peaks which have FANCD2 and ATR peaks upstream. d. Normalized 4sU reads at MYC non-promoter sites (4,270) in MYC-depleted (left, siMYC; 48 h) and in MG-132 treated cells (right, 20 µM, 4 h) relative to control cells (n = 3). e. Heatmap of reads from ATR CUT&RUN indicating chromatin occupancy in U2OSMYC-Tet-On cells. Identical positions as used in Fig. 3i (1,478 promoter sites) (n = 2). f. Average density plots of FANCD2 (left) & MYC (right) CUT&RUN in PDAC cells in presence (shMYC) or absence of an shRNA targeting MYC (CTL) at 14,295 FANCD2 sites upon HU treatment, 3.5 mM for 4 h) (n = 1). g. Scheme of fiber assay experiments with indicated experimental time points to assess for degradation (T2) and restart (T3). h. Fiber assay assessing fork degradation (T2) upon MYC depletion by shRNA (1 µg/ml DOX, 24 h) in KPC cells treated as illustrated in (g). Only fibers containing three labels (red-green-red) were considered. Mean second CldU track length (µm) of one of three biological replicates with similar results is shown ± S.E.M. P-values (Mann-Whitney U test, two-sided) are for n = 142 (CTL), n = 102 (DOX), n = 141 (CTL+Mirin) and n = 109 (DOX+Mirin) fibers. i. Fiber assay assessing fork restart (T3). Percentage of fibers that incorporation of the fourth label was quantified over the total number of fibers, which contained three (red-green-red). Data show mean ± S.D. (n = 3) with each replicate quantifying more than 500 fibers per condition (CTL: 534, 515, 527; DOX: 537, 557, 606). p-value: unpaired t-test, two-sided. In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 8 Control of MYC multimerization by ubiquitylation and SUMOylation.
a. Confocal immunofluorescence of indicated proteins in U2OS cells expressing WT MYC or K-less MYC. Treated as in Fig. 2d. Scale bar: 20 µm (n = 3). b. MYC-MYC PLA in U2OSMYC-AID cells reconstituted with WT MYC or K-less MYC as indicated. Endogenous MYC depleted by addition of indoleacetic acid (500 µM, 6 h). PLA (red) is overlaid with nuclear staining (blue) and compared with MYC staining (green). Scale bar: 5 µm (n = 3). c. Immunoblot of endogenous K6-linked ubiquitin immunoprecipitations from U2OS cell extracts. Immunoprecipitated K6-linked ubiquitin was visualized using a α-GFP antibody detecting the K6 affimer. Actin was used as a loading control, *IgG heavy chain (n = 1). For gel source data, see Supplementary Fig 1. d. Quantification of PLAs between MYC and indicated proteins in DOX (1 µg/ml, 24 h) and PlaB (1 µM, 4 h) treated U2OSMYC-Tet-On cells. Signals are corrected for corresponding single antibody control and presented as fold change to untreated. PLA data were analyzed for the following total number of cells: PLA between MYC and K48 (DMSO: n = 750, PlaB: n = 754), K6 (DMSO: n = 675, PlaB: n = 747), USP28 (DMSO: n = 657, PlaB: n = 554), USP36 (DMSO: n = 799, PlaB: n = 644), HUWE1 (DMSO: n = 343, PlaB: n = 477) analyzed over three independent experiments and are expressed as mean ± S.E.M. Two sided Mann-Whitney U test was used for comparison to untreated cells with following p-values: K48 = 3.3e-11, K6 = 1.8e-3, USP28 = 5.6e-3, USP36 = 1.3e-10, HUWE1 = 5.5e-3. e. Representative images of confocal immunofluorescence of MYC with USP28-MYC and USP36-MYC PLAs within the same cells at indicated treatments. Scale bar: 5 µm. f. Dose response curve of MYC multimer formation in response to BI8626 treatment at indicated concentrations using a four-parameter Weibull function (n = 3). g. Confocal immunofluorescence of MYC and SUMO2/3 in U2OSMYC-Tet-On cells treated as indicated (DOX: 1 µg/ml, 24 h; MG-132: 20 µM, 4 h; ML-792: 1 µM, 24 h). Scale bar: 5 µm (n = 3). In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 9 Role of HUWE1 in MYC multimerization.
a. Representative MS spectrum visualizing MYC ubiquitylation at K148 and K389 in diGLY experiments performed upon treatment with PlaB (2 h, 1 µM), CBL0137 (2 h, 5 µM) or HU (4 h, 5 mM) (n = 3). b. Immunofluorescence pictures of U2OS cells expressing MYCK-R148KR389K. Scale bar: 5 µm (n = 3). c. Fiber assay assessing unperturbed DNA replication (T1) in U2OSMYC-AID expressing either WT, K-less or no MYC. Mean of n = 118 fibers (MYC OFF), n = 127 (WT MYC) and n = 110 (K-less MYC) from one representative of three experiments with similar results is shown ± S.E.M. p-value: Mann-Whitney U test, two-sided. d. BLISS assays in U20SMYC-AID cells reconstituted with MYCK-R148KR389K. MYC OFF samples are the same as shown in Fig. 4f (n = 2). e. Box plot showing quantification of spike normalized reads from EXOSC10 CUT&RUN in U2OSMYC-Tet-On cells on 845 genes, which show increased antisense transcription in absence of MYC. Cells were treated as indicated (MG-132: 20 µM, 4 h; BI8626: 10 µM, 4 h). Box plots are defined as in Fig. 3g. Mann Whitney U test, one-sided: ns, not significant; ****p-value < 0.0001. f. Fiber assay assessing fork degradation (T2) upon treatment with BI8626 (20 µM, 4 h) and Mirin (50 µM, 4 h) in KPC and U2OS cells. Mean of n = 177 (CTL), n = 126 (BI8626), n = 148 (CTL+Mirin) and n = 151 (BI6826+Mirin) fibers from one representative of three experiments with similar results is shown ± S.E.M. for KPC cells (left). Mean of n = 136 (CLT) and n = 72 (BI8626) fibers ± S.E.M. in U2OS cells shown from one representative of three experiments with similar results (right). p-value: Mann-Whitney U test, two sided. g. Fiber assay assessing fork restart (T3; see Extended Data Fig. 7g) upon treatment with BI8626 (20 µM, 4 h) in KPC (left) and U2OS (right) cells. Mean ± S.D. of three independent biological replicates is shown with each replicate quantifying more than 500 fibers per condition (CTL: 505, 506, 501; BI8626: 502, 507, 523) in KPC and more than 400 fibers (CTL: 408, 407, 432; BI8626: 426, 456, 495) in U2OS cells. p-value: unpaired t-test, two sided. In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.


Extended Data Fig. 10 Control of checkpoint responses by MYC multimers.
a. Immunoblot assessing phosphorylation state or RPA32 at S4/S8 of U2OSMYC-Tet-On cells upon treatment with DOX (1 µg/ml, 24 h), HU (3.5 mM, 8 h) and BI8626 (10 µM, 8.5 h). Chromatin-bound proteins shown with histone H3 as loading control (n = 3). For gel source data, see Supplementary Fig 1. b. Spike normalized reads from pRPAS4/S8 CUT&RUN experiment centered around 4,252 common peaks called around promoters in U2OSMYC-Tet-On cells treated with DOX (1 µg/ml, 24 h), HU (3.5 mM, 8 h) and BI8626 (10 µM, 8.5 h) (n = 1). c. Box plots documenting levels of pS33RPA (Left) and pS4/S8RPA (right) in U2OSMYC-Tet-On cells treated as indicated (DOX: 1 µg/ml, 24 h; HU: 5 mM, 4 h; MG-132: 20 µM, 4 h) Box plots are defined as in Fig. 3g. Data were analyzed from n = 946 cells per condition analyzed over three biological independent experiments. d. Model summarizing our findings. In above panels, unless indicated otherwise, n indicates the number of independent biological replicates.
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