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Extended DataFig. 3| NUDTS5 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 uM 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 inin K562 cells with indicated knockouts

(4 replicates, 8 forsgCtrl,p=1x107"°,2x107°%,1x10™,2x10%,2x107,
respectively). G. Immunoblot of NUDT5 depletionin MCF7,293 T, or HeLa cells.

H. Relative metabolite abundancesin 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 NUDTS clones. Superscript numbers refer to
cloneidentification. J. Immunoblot of NUDTS5 clones with indicated cDNA
complementation. K. Relative metabolite abundances in K562 cells treated for
36 h with 10 uM TH5427 or DMSO (4 replicates). L. Immunoblot of cellsin (J).
M. Relative m + 5 metabolite abundances in NUDTS clones complemented with
indicated cDNAs and cultured for 5 h with U-*C-glucose tracer (4 replicates).
Bar graph dataare 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.

Nature Metabolism



Letter https://doi.org/10.1038/s42255-025-01419-2

A ® Purine metabolism B Cc
© Pyrimidine de novo synthesis
104 : © PRPP synthesis - -+ NUDT5-E112Q-FLAG
NUDT5 ; : -+ - NUDT5-FLAG
_ I kDa + - - GFP-FLAG
i 35 i'” Bl | (NUDT5-FLAG k:
& 1] P 1
254 e 4GFP-FLAG 5
3 IP anti-FLAG =
: 8
o
55| === e | PPAT 2
............. 35 NUDTS-FLAG 3
-
. . . i [ . |4GFP-FLAG ¢
<6 -4 - 2 4 >6 Input
Protein abundance sgNUDTS5 / sgCtrl (Log,)
Extended Data Fig. 4| Quantitative cell proteomics of NUDTS-depleted cells, assay of NUDTS"7K562 clones with indicated knockouts over 5 days in medium

validation of NUDT5-PPAT interaction, and inosine supplementation of PPAT-  supplemented, as indicated, with 200 pMinosine (3 replicates, two clones
depleted cells. A. Global proteomics comparing K562 cells with NUDTSknockout  each, p=4x107°). Bar graph data are mean + SEM. Statistical tests: two-sided
against control. Each pointis one protein. B. Coimmunoprecipitation from293 T Student t-test. Abbreviations; IP:immunoprecipitation, PRPP: phosphoribosyl
using FLAG-tag as bait. NUDT5"*2js a catalytic inactive mutant. C. Proliferation pyrophosphate, sgCtrl: control sgRNA.
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Extended DataFig. 5| The PPAT-NUDTS5 complex is conserved across

species and regulated by PRPP. A. Structures of bacterial purF determined
experimentally in complex with AMP**¢ and AlphaFold 3 predicted structure of
human PPAT. Monomers were isolated from the tetramer structures. B. Structure
of human NUDTS5 dimer as determined experimentally®’” or through AlphaFold 3
predictive modelling. Monomers were isolated from the dimer structures.

C. AlphaFold 3 predicted alignment error of indicated NUDTS5-PPAT complexes.
D. Sequence alignment of NUDT5 and PPAT proteins across vertebrate species
inregions predicted by AlphaFold 3 to mediate the NUDT5-PPAT interaction
(black boxes). E. Immunoblot of NUDTS5 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 PRPPin 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 NUDTS5 in complex with PPAT or as a
homodimer as quantified from native gels in H (left) and Fig. 41 (right, 1 replicate).
AllsgRNA-treated cell lines were analysed or further treated 8 days after

sgRNA transduction. Abbreviations; IC,: half-maximal inhibitory concentration,
IP:immunoprecipitation, PRPP: phosphoribosyl pyrophosphate, sgCtrl: control
SgRNA.
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Extended Data Fig. 6 | Correlation between NUDTS5 expression and sensitivity to nucleobase analogues in the Cancer Cell Line Encyclopedia. A. Pearson
correlations of gene expression 0f 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 NUDTS is indicated.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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{| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

X

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
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A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

X

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code
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Data analysis For metabolomics peak integration Tracefinder 5.1, MassHunter Quantitative analysis B.07.00
For metabolite standard validation mzcloud.org
For proteomics data Spectronaut 17.5, MaxQuant 2.4.11.0, Perseus 1.6.15.0, and an in-house software
CRISPR screen was analyzed using custom R code and MaGeCK 0.5.9.2
Gene sets were evaluated using GSEA 4.2.2 and a custom database coded with KEGGREST 1.44.1 package in R
Statistical analyses were performed with GraphPad Software
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All raw MS proteomics data together with raw output tables are available via the ProteomeExchange data repository (www.proteomeexchange.org) with the
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Provide clear definitions of the relevant terms used, how they were provided (by the participants/respondents, the
researchers, or third parties), and the method(s) used to classify people into the different categories (e.g. self-report, census or
administrative data, social media data, etc.)

Please provide details about how you controlled for confounding variables in your analyses.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study
design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No sample-size calculation was performed.

Data exclusions | Exceptionally individual technical replicates were excluded when clear user error was identified.
Replication All findings were replicated.

Randomization  Randomization was not relevant to this study.

Blinding Blinding was not relevant to this study.
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Materials & experimental systems Methods
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Eukaryotic cell lines |Z |:| Flow cytometry
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Antibodies
Antibodies used Primary antibodies were actin (Sigma-Aldrich, A3853, diluted 1:1000), CAD (Sigma-Aldrich, HPA057266, diluted 1:500), COQ7
(Proteintech, 15083-1-AP, diluted 1:500), DHODH (Sigma-Aldrich, HPA010123, diluted 1:500), FLAG M2 (Addgene, 194502-rAb,
diluted 1:1000), NUDTS5 (Sigma-Aldrich, HPA019827, diluted 1:500), PPAT (Proteintech, 15401-1-AP, diluted 1:500), and UMPS
(Sigma-Aldrich, HPA036178, diluted 1:500)
Validation Antibodies were validated by the vendor, in addition, all antibodies except for actin and FLAG M2 were validated using gene

knockout samples.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) K562 (ATCC, CCL-243), 293T (ATCC, CRL-3216), MCF7 (ATCC, HTB-22), Hela (ATCC, CCL-2), U20S (ATCC, HTB-96), UACC-257
(a gift from D. Fisher), Jurkat (ATCC, TIB-152)), THP1 (ATCC, TIB-202), U937 (ATCC, CRL-1593.2), LCL (Coriell, GM12878)

Authentication UACC-257 cells were re-authenticated at ATCC in 2020. K562, 293T, Hela and U20S were acquired from ATCC less than 4
years before submission of the manuscript and were not re-authenticated. Other cell lines were not re-authenticated.

Mycoplasma contamination Cells were periodically tested to ensure the absence of mycoplasma.

Commonly misidentified lines  No commonly misidentified cell lines were used.
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals Male C57BL/6J mice 12-13 weeks
Wild animals No wild animals.
Reporting on sex All mice used were male. Sex was not considered in the study design, as it is not relevant to fundamental nucleotide metabolism.

Field-collected samples  No field collected samples.

Ethics oversight Swiss Cantonal authorities (VD3788)

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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