UBE2E3 sustains PRC1.1 function and leukemic stemness in acute myeloid leukemia
Experimental Procedures
Cell lines and culture
OCI-AML2, NB4 and K562 cells were grown in RPMI media. HEK293T and Flp-In T-REx 293 cells were cultured in DMEM. All media were supplemented with 10% fetal bovine serum and appropriate antibiotics. TEX leukemia cells and 8227 cells were obtained from Dr. John Dick’s lab 1,2. TEX cells were maintained in IMDM with 20% FBS, 2 mM L-glutamine, 20 ng/mL stem cell factor (SCF), and 2 ng/mL interleukin-3 (IL-3); 8227 and primary cells were grown in X-VIVO-10 with 20% bovine serum albumin-insulin-transferrin (BIT), Fms-related tyrosine kinase 3 ligand (Flt3-L, 50 ng/ml), interleukin-6 (IL-6, 10 ng/ml), SCF (50 ng/ml), thrombopoietin (TPO, 25 ng/ml), IL-3 (10 ng/ml), granulocyte colony-stimulating factor (G-CSF, 10 ng/ml). All cell lines were maintained at 37°C, supplemented with 5% CO2 and routinely tested for Mycoplasma (MycoAlert, Lonza). The University Health Network institutional review boards approved the collection and use of human tissue for this study (Research Ethics Board protocol #13-7163). All human samples were collected with written informed consent in accordance with the Declaration of Helsinki.
Plasmids and molecular cloning
Lentiviral expression vectors pLenti-FLAG-UBE2E3-WT, the catalytically inactive point mutant pLenti-FLAG-UBE2E3-C145S and the pLenti-Empty control were synthesized by Syntezza Bioscience (Jerusalem, Israel). Second-generation packaging plasmids pCMV-VSV-G (Addgene #8454) and psPAX2 (Addgene #12260) were used for virus production. For BioID, pcDNA5/FRT/TO-UBE2E3-FLAG-BirA* and the parental pcDNA5/FRT/TO-FLAG-BirA* control vector, together with the Flp recombinase plasmid pOG44, were provided by the Raught laboratory (Princess Margaret Cancer Centre). 
Short hairpin RNAs were expressed from pLKO.1-puro (Sigma-Aldrich). A non-targeting shRNA against GFP (TRC clone Gfp_587s1c1) served as negative controls. For 8227 cells and primary AML patient samples, UBE2E3 shRNA sequences were cloned into the hairpin-pRS19 vector, kindly provided by the Steven Chan laboratory. All constructs were verified by Sanger sequencing (Macrogen).
shRNA constructs, lentivirus production and transduction

We examined 4 independent shRNA against UBE2E3 (termed #5, #10, #11, #21; Sigma Aldrich). Two independent shRNAs targeting the UTR of human UBE2E3 (sh UBE2E3 #10, 3′-UTR; and #21, 5′-UTR) were used; because they target the endogenous UTR they do not silence the UTR-less rescue transgenes Lentivirus was produced by co-transfection of HEK293T cells with the transfer plasmid plus pCMV-VSV-G and psPAX2 (TransIT-Lenti, Mirus Bio), harvested at 48h and clarified through a 0.45 μm PVDF filter. Leukemia cells were transduced in complete medium with 10 μg/mL polybrene; selection with puromycin (1 μg/mL) was started 24 h post-transduction for ≥ 72 h. Knockdown was confirmed by RT-qPCR and immunoblot. 
Transduction of primary AML cells and 8227 cells
24-well plates were coated with 250 µL of RetroNectin® (20 µg/mL in PBS) per well for 2 hours at room temperature. The wells were blocked with 1 mL of 2% BSA (W/V) for 30 minutes at room temperature. The BSA solution was then aspirated, and concentrated lentiviral particles in HBSS with 25 mM HEPES were added to each well at a volume of 0.5 mL. The plate was then centrifuged at 3,000 rpm for 5 hours at room temperature to promote the attachment of lentiviral particles to RetroNectin. Next, 0.4mL of the viral supernatant was aspirated.  5x 105 cells were added to each well in 1 mL of X-VIVO 10 (20% BIT, 50 ng/ml Flt3-L, 10 ng/mL IL6, 50 ng/mL SCF, 25 ng/mL TPO, 10 ng/mL IL3, 10 ng/mL G-CSF). The plate was then centrifuged again at 1,300 rpm for 10 minutes at room temperature to promote the interaction between the cells and lentiviral particles, and then transferred to a 37C incubator to initiate lentiviral transduction. Twenty-four hours afterward, the cells were resuspended in fresh media at a concentration of 1x 106 cells/mL and seeded in a 24-well plate at 1 mL per well. Knockdown was confirmed by qPCR following sorting of GFP positive cells at 48 hours post-infection.

UBE2E3 was silenced using lentiviral shRNAs in the pLKO.1-puro vector (human UBE2E3, Gene ID 10477, NM_006357.2). Constructs comprised two Sigma MISSION clones: sh#5 (TRCN0000318678, target 5′-CCACTGCTAAGTTATCCACTA-3′) and sh#10 (TRCN0000318608, target 5′-CGGACTTCTGTGTATATGTTA-3′) and two custom shRNAs, sh#11 (target 5′-TGGGCCTAAAGGAGATAACAT-3′) and sh#21 (target 5′-TCCTGAAGTCTACCAAATATT-3′), alongside a non-targeting control shRNA.
Cell proliferation, viability and knockdown-rescue
Proliferation/viability was measured by trypan-blue exclusion on a TC20 automated cell counter (Bio-Rad). For knockdown–rescue, OCI-AML2 cells were first transduced with pLenti-FLAG-UBE2E3-WT, pLenti-FLAG-UBE2E3-C145S or pLenti-Empty-Vector and selected to generate stable lines, then transduced with sh UBE2E3 #21 (5′-UTR-directed), which spares the transgenes. Viable cells were counted daily over three consecutive days starting 5 days post-shRNA. All assays were in biological triplicate. 
Colony-forming (clonogenic) assay
Clonogenic capacity was assessed by colony formation in methylcellulose (MethoCult, STEMCELL Technologies). Cells transduced with sh UBE2E3 #10, #21 or control shRNA were plated at 1×10³–5×10³ cells per dish and cultured for 10–14 days at 37 °C/5% CO₂; colonies (> 50 cells) were enumerated. Assays were performed in biological triplicate. 
Subcellular localization of UBE2E3 
IPO11 was silenced in OCI-AML2 cells with two independent pLKO.1 shRNAs targeting IPO11 (NM_016338), as previously described (Nachmias et al., Leukemia 20223). Subcellular fractionation of OCI-AML2 cells was performed to isolate distinct cytoplasmic and nuclear protein fractions using the NE-PER Nuclear and Cytoplasmic Extraction kit (Thermo Fisher Scientific, 78833) according to the manufacturer's protocol. Briefly, harvested cells were washed with ice-cold phosphate-buffered saline (PBS) and lysed in cytoplasmic extraction buffer containing protease and phosphatase inhibitor cocktails Following centrifugation to separate the cytoplasmic supernatant, the nuclear pellet was washed extensively to eliminate cytoplasmic remnants and subsequently solubilized in nuclear extraction buffer. Protein concentrations were determined using a BCA protein assay. 
Western blotting
Cells were lysed on ice in RIPA buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 0.1% SDS, 0.5% sodium deoxycholate) with protease inhibitors and Turbonuclease. Protein was quantified by BCA assay; 40 μg per lane was resolved on 4–16% SurePAGE Bis-Tris gels and transferred to 0.2 μm PVDF (Trans-Blot Turbo, Bio-Rad). Membranes were blocked in 5% milk or BSA in TBS-T, probed overnight at 4 °C with primary antibody (Table S1) and 1 h with HRP-conjugated secondary, developed with Clarity ECL and imaged on an Azure 300 system.
Co-immunoprecipitation
K562 cells (~1×10⁷) were lysed in non-denaturing buffer (20 mM Tris-HCl pH 7.4, 5 mM EGTA, 5 mM sodium pyrophosphate, 0.05% NP-40, protease inhibitors) and clarified. Lysates were incubated with the indicated antibody or isotype IgG, captured on Dynabeads Protein A/G, washed five times, eluted in SDS buffer and analyzed by immunoblot. Reciprocal immunoprecipitations used anti-HA (HA-UBE2E3) and anti-UBE2E3 (endogenous).
Proximity-dependent biotinylation (BioID) and mass spectrometry
BioID was performed as previously described (Nachmias et al., Leukemia 2022; Béganton et al., Cancers 2020). Flp-In T-REx 293 cells stably expressing pcDNA5/FRT/TO-UBE2E3-FLAG-BirA* or the parental FLAG-BirA* control were grown in three 150-mm dishes per replicate; at 60% confluence, fusion expression was induced with 1 μg/mL tetracycline plus 50 μM biotin for 24 h. Cells were lysed in RIPA buffer with Turbonuclease, sonicated and clarified, and biotinylated proteins captured on Streptavidin Sepharose, washed at high stringency (8 M urea/2% SDS, then 1 M NaCl, then water). Two independent biological pools per condition, each analyzed in two technical replicates (four mass-spectrometry runs per condition). High-confidence interactors were defined by SAINTexpress (BFDR ≤ 0.01) against the FLAG-BirA* control; functional enrichment used Metascape.
High-confidence preys were submitted to Metascape and grouped into functional categories by manual curation of the top-enriched terms (Figure 2A). For Figure 2B, curated reference subunit lists for PRC1.1, canonical PRC1 and PRC2 were used to compute recovery (detected high-confidence interactors/total annotated subunits). Enrichment of PRC1.1-specific recovery over canonical PRC1 and PRC2 was tested by one-sided Fisher’s exact test. The complete BioID dataset is provided in Supplementary Table S3.
Quantitative (expression) proteomics
Quantitative proteomics was performed on OCI-AML2 cells after UBE2E3 knockdown versus control (three biological replicates per arm; 8,655 proteins quantified).
The samples were analyzed at The Medicinal Chemistry institute of the Nancy and Stephen Grand Israel National Center for Personalized Medicine, Weizmann Institute of Science. The samples were subjected to tryptic digestion using an S-trap. The resulting peptides were analyzed using nanoflow liquid chromatography (NanoElute2) coupled to high resolution, high mass accuracy mass spectrometry (TIMS-Tof Pro). Each sample was analyzed on the instrument separately in a random order in DIA mode.
Raw data was processed with DIANN v2.2.0. The data was searched against the SwissProt human proteome database (January 2026 version) in addition to a common contaminants list. Carbamidomethylation of C was set as a fixed modification. Oxidation of M, and protein N-term acetylation were set as variable modifications. The search workflow was a library-free DIA. The protein intensities were used for further calculations using Perseus v1.6.2.3. The protein intensities were log2-transformed, and only proteins that had at least 2 valid values in at least one experimental group were kept. The remaining missing values were imputed by a random low range distribution. Student’s t-tests were performed between the relevant groups to identify significant changes in protein levels, with permutation-based false-discovery-rate correction as implemented in Perseus. Corrected values are reported as q and are referred to in the manuscript as adjusted P values
For this analysis the expression-proteomics table (Supplementary Table S4, which is provided unfiltered) was restricted to entries mapped to genes, excluding proteins with fewer than two unique peptides and cRAP contaminants and retaining the top-ranked entry for duplicated genes; proteins were then ranked for enrichment by fold change and the ranking used for each panel is stated in the corresponding figure legend.

RNA extraction and quantitative RT-PCR
Total RNA was extracted from OCI-AML2 cells 6 days post-transduction using the RNeasy Plus Mini Kit (QIAGEN). cDNA was synthesized with LunaScript RT SuperMix (NEB), and qPCR run on a QuantStudio 5 with Luna Universal qPCR Master Mix and the primers in Table S2. Relative expression was calculated by 2^(–ΔΔCt) with ABL1 as reference, in technical triplicate on biological triplicates.
RNA-sequencing and differential expression
Poly-A libraries were prepared from total RNA of OCI-AML2 cells 6 days after transduction with sh UBE2E3 or control (n = 6 per arm) and sequenced on an Illumina platform. Raw sequencing reads were evaluated with FastQC V0.12.14. Adapter sequences and low-quality bases were removed using Trim Galore V0.6.11 set for the paired library. Trimmed reads were quantified with Salmon V1.11.45, enabling validateMappings and gcBias keys. Reads were mapped transcriptome - Gencode Human Release 49 (GRCh38.p14) - resulting in transcript-level counts. For Figure 4B, DESeq2 log2 fold-change estimates for individual ncPRC1 subunits are shown with 95% confidence intervals (estimate +/- 1.96 x lfcSE) and genome-wide Benjamini-Hochberg adjusted P values; no fold-change threshold was applied. Transcripts were then aggregated to Ensembl genes and mapped to Symbol names. Differential gene expression analysis comparing Knockdown (KD) to Non-Targeting Control (NTC) samples was performed using the DESeq2 V1.50.2 package. Design formula incorporated phenotype as main variable and both batch and sample pairing as two covariates.  
Gene-set enrichment analysis and reference signatures
GSEA was conducted in R using GSEA function from R clusterProfiler package V4.18.4. Expressed genes were ranked based on stat value unless stated otherwise. Significance of enrichment was determined with Normalized Enrichment Score (NES) and False Discovery Rate (FDR). GSEA results were represented as detailed enrichment plots along a ranked set or as summary bar plots when comparing multiple pathways. Detailed enrichment plots feature a green line representing the running enrichment score, and black vertical bars indicating positions of gene set members within the ranked list. ORA was conducted in R using enricher function from R clusterProfiler package V4.18.46. 
BeatAML gene-expression analysis
UBE2E3 expression was analysed in the publicly available BeatAML2.0 cohort (https://biodev.github.io/BeatAML2/). Batch corrected and normalized UBE2E3 expression was compared between AML blasts and normal CD34+ progenitor and mononuclear samples, for the whole cohort and for clinically defined subgroups (patients with relapse and de novo AML), using a Student t test (Figure 1A). The list of AMLs with mean expression UBE2E3 expression above the 90th percentile of the normal samples was retrieved. These AML samples were associated with ELN2017 risk category, recurrent molecular and cytogenetic alterations (including NPM1, TP53, RUNX1::RUNX1T1, GATA2::MECOM, KMT2A-rearrangement, CBFB::MYH11 and PML::RARA) and FAB morphology and the distribution profile of each category was compared with the profile of total AMLs using a Fisher’S exact test. Tests were corrected for multiple hypothesis testing using the Benjamini-Hochberg method. Data was visualized using a pie chart using ggplot2 version 4.0.1
Metacell analysis of UBE2E3 expression
Single-cell RNA-seq of an AML cohort (n=14 sample) was summarised with the Metacells algorithm (v0.9.5), yielding a model of 1,000 metacells covering 42,095 cells (median 48 cells per metacell; 92.0 × 10⁶ total UMIs) over 29,544 genes, of which 3,917 were retained by the algorithm as selected (feature) genes and 112 flagged as lateral. Gene expression per metacell was taken as the metacell UMI fraction (each metacell profile sums to 1) and transformed to log₂(fraction + 10⁻⁵), the standard metacells regularised expression scale; all analyses below use this scale. Gene–gene co-variation was assessed by Pearson correlation of log₂ expression across the 1,000 metacells, restricted to the 3,917 selected feature genes with a maximum per-metacell fraction above 10⁻⁵ and excluding UBE2E3 itself, so that correlations are driven by robustly expressed genes rather than by sampling noise. A Trithorax-group (TrxG) signature was defined a priori from 22 genes covering the H3K4-methyltransferase COMPASS machinery and associated H3K27 demethylases (KMT2A–E, SETD1A/B, ASH1L; the WRAD core subunits ASH2L, WDR5, RBBP5 and DPY30; the MLL-associated/targeting factors MEN1, PSIP1, CXXC1 and HCFC1; the MLL3/4 COMPASS-like subunits NCOA6, PAXIP1 and PAGR1; and KDM6A, KDM6B and KDM4C); all 22 genes were present in the model. Each member gene was z-scored across metacells and the signature score of a metacell was taken as the unweighted mean of these z-scores, so that lowly and highly expressed members contribute equally. Metacells were stratified into UBE2E3-high (top quartile, n = 250; log₂ expression ≥ −13.45) and UBE2E3-low (bottom quartile, n = 250; log₂ expression ≤ −14.52) groups, and signature scores and individual gene levels were compared between groups with a two-sided Mann-Whitney U test. Correlation P values are from the two-sided t-test on Pearson's r with n − 2 = 998 degrees of freedom; no multiple-testing correction was applied to the two pre-specified genes (KMT2C, KDM4C) or to the signature, which were tested as hypotheses rather than discovered by screening. Analyses used Python 3.12 with metacells 0.9.5, anndata, scanpy, NumPy, SciPy and Matplotlib.

BCOR gene sets (Figure 3A)
Raw counts were downloaded from GSE1046907 and filtered for two BCOR shRNA treated samples and two control samples. Count matrix was processed with R package DESEq2 V1.50.28. For the term BCOR-UP, genes were defined by Log2 Fold Change > 2 and adjusted p-value < 1E-3. For the term BCOR-DOWN, genes were defined by Log2 Fold Change < (-2) and adjusted p-value < 1E -2. 
AML specific and AML overlapping gene sets (Figure 3B)
Gene lists are first extracted from Table 6 of  van den Boom9 and overlapped with the differentially expressed genes for UBE2E3 KD vs NTC. The final list was filtered by adjusted p-value <0.05 and separated between an upregulated list and a downregulated list. 
MGA deletion gene sets (Figure 3C)
[bookmark: _Hlk235190741]Raw counts were downloaded from GSE25374810 and filtered for three MGA deleted samples and three WT samples. Count matrix was processed with R package DESEq2 V1.50.28. For the term MGA deletion UP, genes were defined by Log2 Fold Change > 1 and adjusted p-value < 1E-3. For the term MGA deletion DOWN, genes were defined by Log2 Fold Change < (-1) and adjusted p-value < 5E -3. 
Additional reference sets comprised the van Galen11 (GSE116256), Zeng single-cell AML state signatures12  and the LSC17 / LSC⁺-versus-LSC⁻ signatures (GSE7600813). Enrichment of the combined AML gene list was tested with fgsea version 1.28.0 using a ranked gene list of the comparison of UBE2E3 KD versus control and visualized using a summary bar plot (Figure 5E, Supplementary Figure S4) and dot plot with ggplot2.

Xenotransplantation and in vivo engraftment
Animals
Ten-to-twelve-week old male or female immunodeficient NOD/SCID-3/GM/SF mice (NS-GF) were obtained from Dr. Connie J. Eaves and bred in our facility14. Ten-to-twelve-week old female immunodeficient NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ mice (NSG, Jackson Laboratory, #005557) were obtained from the University Health Network. The mice were housed in micro-isolator cages with temperature-controlled conditions under a 12-hr light-dark cycle with access to drinking water and food. Only one experimental procedure was performed on each mouse and all mice were drug naive before the experiment. All animal studies were performed in accordance with the University Health Network Animal Use Protocol 1251.
Equal numbers of 8227 cells or primary AML cells were transduced with the specified UBE2E3 shRNA sequence or non-target control sequence. Transduction efficiency was determined by the percentage of GFP⁺ cells with flow cytometry before injection. In all experiments, the difference in transduction efficiency between groups was less than 5%.
For 8227 cells, 1 × 106 transduced cells were injected into the right femur of NS-GF mice. Mice were sub-lethally irradiated (2 Gy) and received intraperitoneal α-CD122 (200 μg) 24-hr prior to injection. To measure leukemic engraftment, mice were sacrificed 10 weeks after injection, bone marrow was flushed from the left femur, and the percentage of human GFP+CD45⁺ cells was determined with flow cytometry.
For primary AML cells, 1 × 10⁶ transduced cells were injected into the right femur of NSG mice, which were sub-lethally irradiated (2 Gy) 24-hr prior to injection. Eight weeks after injection of primary AML cells, mice were sacrificed, bone marrow was flushed from the left femur, and the GFP⁺CD45⁺CD33⁺ population was quantified with flow cytometry. Cells harvested from the left femurs in the primary engraftment were used for secondary engraftment. 1 × 10⁶ cells were reinjected into the right femur of untreated NSG mice. Eight weeks later, mice were sacrificed, bone marrow was flushed out from the left femur, and the GFP⁺CD45⁺CD33⁺ population was quantified with flow cytometry.

Antibodies and primers
Table S1: Antibodies
	Antibody
	Manufacturer
	Catalog Number

	anti-JHDM1B
	Merck Millipore
	09-864

	Anti-actin
	Santa Cruz
	sc-69879

	anti-HA
	Santa Cruz
	sc-7392

	anti-UBE2E3
	Proteintech
	15488-1-AP

	anti-BCOR
	Cell Signaling
	E6V3R

	anti-Vimentin
	Abcam
	ab8978

	anti-Normal IgG Rabbit
	Cell Signaling
	#2729

	anti-Normal IgG Mouse
	Cell Signaling
	#5415

	anti-RING1B
	Cell Signaling
	#5694

	anti-RING1A
	Cell Signaling
	#13069

	anti-PCGF1
	Proteintech
	15581-1-AP

	anti-PCGF6
	Proteintech
	24103-1-AP

	anti-HA
	Cell Signaling
	#3724

	Anti-H3
	Cell Signaling
	#4499

	anti-UBE2E3
	Abcam
	ab128098

	anti-IPO11
	OriGene 
	AP52222

	anti-Rabbit HRP-linked
	Cell Signaling
	#7074

	anti-Mouse HRP-linked
	Cell Signaling
	#7076

	IgG XP® Isotype Control 
	Cell Signaling
	#66362



Table S2: qRT-PCR primers
	Gene
	Sequence

	UBE2E3 Forward
	5-TGGAGTCCCGCTTTGACTATT-3

	UBE2E3 Reverse
	5-ATCCTGTCGTGTTCTGCTCTG-3

	ABL1 Forward
	5-TGGAGATAACACTCTAAGCATAACTAAAGGT-3

	ABL1 Reverse
	5-GATGTAGTTGCTTGGGACCCA-3

	PCGF1 Reverse
	5-AAGCCTCGGGACTGATAGAA-3

	PCGF1 Forward
	5-GGGTCATGCAGGACATAGTG-3

	BCOR Reverse
	5-TCTCGGAGTCTTTGGTTGCTGG-3

	BCOR Forward
	5-TGTCTACCCGCTGCTTACTGTG-3

	KDM2B Reverse
	5-GGCATGGATCCAACCGGAA-3

	KDM2B Forward
	5-TTCCGGGGTGGGAAGATTT-3

	RING1A Reverse
	5-GCTTCTTTCGGCAGGTAGGACACT-3

	RING1A Forward
	5-CTCATGTGCCCTATCTGCCTGG-3

	RING1B Forward
	5-AGCACAATAATCAGCAAGCACTC-3

	RING1B Reverse
	5-GCTCCACTACCATTTTCAATCTG-3

	ADAMTS1 Forward 
	5-TTCCACGGCAGTGGTCTAAAG-3

	ADAMTS1 Reverse
	5-CCACCAGGCTAACTGAATTACG-3

	PTAFR Forward
	5-GTGCTCGGGGTCATTGCTAAT-3

	PTAFR Reverse
	5-GCCCTGGTTTTGGTAGTAGACA-3

	FGR Forward
	5-GGGCAGCAGACCACTATGG-3

	FGR Reverse
	5-CCAGGGTTGATGGCCTGAG-3

	SLC2A6 Forward
	5-CCGGACTACGACACCTTCC-3

	SLC2A6 Reverse
	5-GGATGTGTAGACCAGGGCATA-3

	RAB31 Forward
	5-GGGGTTGGGAAATCAAGCATC-3

	RAB31 Reverse
	5-GCCAATGAATGAAACCGTTCCT-3


Statistical analysis
Analyses were performed in GraphPad Prism v10.4.1. Data are mean ± SD of ≥ 3 biological replicates unless stated. Two-group comparisons used a two-tailed Student t-test (after normality/variance checks) or Mann-Whitney U; multi-group comparisons used one- or two-way ANOVA with the appropriate post-hoc test. GSEA results are reported as NES with nominal p and FDR q. Two-sided p < 0.05 was considered significant (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001). Categorical distributions (Figure 1B) and complex-recovery proportions (Figure 2B) were compared by Fisher's exact test; where multiple categories were tested, p values were adjusted by the Benjamini-Hochberg method and adjusted values are reported. Differential protein abundance was assessed by two-sided Student t-test in Perseus v1.6.2.3 with permutation-based FDR correction, and differential gene expression by DESeq2 v1.50.2 with Benjamini-Hochberg adjustment.

Data and code availability
RNA-sequencing data have been deposited in GEO and the quantitative (expression) mass-spectrometry proteomics data in ProteomeXchange/PRIDE, under the accessions stated in the Data Availability Statement. The processed UBE2E3 BioID proximity interactome is provided in Supplementary Table S3 and the full expression-proteomics protein report in Supplementary Table S4. 
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