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Extended Data Fig. 3 | NUDT5 depletion induces nucleotide imbalance 
independent of catalytic activity. A. Representation of reported NUDT5 
enzymatic activities. B. Proliferation assay of K562 cells with indicated knockouts 
over 7 days in medium supplemented, as indicated, with 200 µM uridine and 
presented as a representative example (left) or fold-change (right, 8 replicates). 
C. Proliferation assay of K562 cells with indicated knockouts over 5 days in Human 
plasma-like medium (HPLM, 3 replicates). D.Relative metabolite abundances  
in K562 cells with indicated knockouts from multiple-pathways analysis  
(4 replicates). E. Relative metabolite abundances secreted into the medium of 
indicated knockouts over 6 h, normalized to medium alone (not shown).  
F. Relative metabolite abundances in in K562 cells with indicated knockouts  
(4 replicates, 8 for sgCtrl, p = 1 x 10−10, 2 x 10−9, 1 x 10−11, 2 x 10−4, 2 x 10−7, 
respectively). G. Immunoblot of NUDT5 depletion in MCF7, 293 T, or HeLa cells.  
H. Relative metabolite abundances in MCF7, 293 T, or HeLa cells with indicated 
knockouts (3 replicates) and using two distinct analytical approaches for 

metabolite detection (Method 1: multiple-pathways targeted, Method 2: 
targeted). I. Immunoblot of NUDT5 clones. Superscript numbers refer to 
clone identification. J. Immunoblot of NUDT5 clones with indicated cDNA 
complementation. K. Relative metabolite abundances in K562 cells treated for 
36 h with 10 µM TH5427 or DMSO (4 replicates). L. Immunoblot of cells in ( J). 
M. Relative m + 5 metabolite abundances in NUDT5 clones complemented with 
indicated cDNAs and cultured for 5 h with U-13C-glucose tracer (4 replicates). 
Bar graph data are mean ± SEM. Statistical tests: two-sided Student t-test. All 
sgRNA-treated cell lines were analysed or further treated 8 days after sgRNA 
transduction. For metabolomics analysis, media were refreshed 4–6 h prior to 
harvesting. Abbreviations; 8-oxo-dGDP: oxidized deoxyguanosine diphosphate, 
ADPR: adenosine diphosphate-ribose, AICAR: 5-phosphoribosyl-4-carbamoyl-
5-aminoimidazole, Carb-Asp: carbamoyl-aspartate, PRPP: phosphoribosyl 
pyrophosphate, R5P: ribose-5-phosphate, SAICAR: 5’-phosphoribosyl-4-(N-
succinylcarboxamide)-5-aminoimidazole, sgCtrl: control sgRNA.
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Extended Data Fig. 4 | Quantitative cell proteomics of NUDT5-depleted cells, 
validation of NUDT5–PPAT interaction, and inosine supplementation of PPAT-
depleted cells. A. Global proteomics comparing K562 cells with NUDT5 knockout 
against control. Each point is one protein. B. Coimmunoprecipitation from 293 T 
using FLAG-tag as bait. NUDT5E112Q is a catalytic inactive mutant. C. Proliferation 

assay of NUDT5WT K562 clones with indicated knockouts over 5 days in medium 
supplemented, as indicated, with 200 µM inosine (3 replicates, two clones 
each, p = 4 x 10−6). Bar graph data are mean ± SEM. Statistical tests: two-sided 
Student t-test. Abbreviations; IP: immunoprecipitation, PRPP: phosphoribosyl 
pyrophosphate, sgCtrl: control sgRNA.
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Extended Data Fig. 5 | The PPAT-NUDT5 complex is conserved across 
species and regulated by PRPP. A. Structures of bacterial purF determined 
experimentally in complex with AMP55,56 and AlphaFold 3 predicted structure of 
human PPAT. Monomers were isolated from the tetramer structures. B. Structure 
of human NUDT5 dimer as determined experimentally57 or through AlphaFold 3 
predictive modelling. Monomers were isolated from the dimer structures.  
C. AlphaFold 3 predicted alignment error of indicated NUDT5–PPAT complexes. 
D. Sequence alignment of NUDT5 and PPAT proteins across vertebrate species  
in regions predicted by AlphaFold 3 to mediate the NUDT5–PPAT interaction 
(black boxes). E. Immunoblot of NUDT5 clones with indicated cDNA 
complementation. F. Coimmunoprecipitation from K562 or HeLa cells using 

FLAG-tag as bait with 10 mM PRPP in the lysis buffer or left untreated.  
G. Quantification of NUDT5 in complex with PPAT from K562 cells in response to a 
dose curve of PRPP in the lysis buffer, calculated from native PAGE (2 replicates). 
Data are mean ± SEM and are fitted by four-parameter logistic regression.  
H. Parallel native PAGE across seven cell lines with 10 mM PRPP in the lysis  
buffer or left untreated. I. Percentage NUDT5 in complex with PPAT or as a 
homodimer as quantified from native gels in H (left) and Fig. 4l (right, 1 replicate). 
All sgRNA-treated cell lines were analysed or further treated 8 days after  
sgRNA transduction. Abbreviations; IC50: half-maximal inhibitory concentration, 
IP: immunoprecipitation, PRPP: phosphoribosyl pyrophosphate, sgCtrl: control 
sgRNA.
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Extended Data Fig. 6 | Correlation between NUDT5 expression and sensitivity to nucleobase analogues in the Cancer Cell Line Encyclopedia. A. Pearson 
correlations of gene expression of 19,187 genes with resistance to indicated nucleobase analogues (drug perturbation scores) based on 559 cell lines. Each point is one 
gene and the rank of NUDT5 is indicated.
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