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Extended Data Fig. 8 | Effects of exogenous choline on cellular nucleotide
metabolism and reductive capacity. (a-d) Relative abundance of CMP (a),
UMP (b), AMP (c) and GMP (d) in WT and cpt14eptiA cells in minimal medium
with different choline supplementation. Data are represented as mean + SD
(n=3;n=Dbiologically independent samples). (e) Experimental setup for
switching cells from SD medium with 1 mM choline to SD minimal medium. (f)
Relative abundance of choline, phosphocholine (P-choline) and CDP-choline

inWT cells after switching to choline-free medium. Data are represented
asmean +SD (n = 3; n=biologically independent samples). (g,h) Relative
abundance of NADPH (g) and GSH (h) levels during the removal of exogenous
choline. Data are represented as mean + SD (n = 3; n = biologically independent
samples). (i) Relative abundance of CMP, AMP, UMP and GMP in WT cells

after switching to choline-free medium. Data are represented as mean + SD
(n=3;n=biologicallyindependent samples).
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Extended Data Fig. 9 | Oxidative stress inhibits AAPT step in the Kennedy cellimaging of Cpt1-GFP and Ept1-GFP under H,0, treatment. Vphl-mCherry is
pathway. (a) Schematic depicting metabolite and lipid analyses of cells avacuole marker, Sec63-mCherry is an ER marker and Edc3-mCherry is a P-body
exposed to oxidizing agents. (b) Relative abundance of CDP-choline and CDP- marker. Scale bar =3 um. (f,g) Western blots assaying protein levels of Cpt1-flag
ethanolaminein WT cells exposed to N-methyl-N'-nitro-N-nitrosoguanidine (f) and Eptl1-flag (g) under H,0, treatment. (h) Relative levels of DAG speciesin WT
(MNNG; 5 mM), menadione (MND; 1 mM) and H,0, (5 mM) for 1 h. Dataare cells with or without a 60-min treatment of H,0,. Data are presented as mean + SD
presented as mean + SD (n = 4; n = biologically independent samples). (c) Theion (n=4;n=Dbiologically independent samples). (i) The total amount of DAG in cells
chromatogram of PC and d9-labeled PC species before and after H,0, treatment. with or without a 60-min treatment of H,0,. Data are presented as mean + SD
(d) Live cell imaging of Cpt1-GFP and Ept1-GFP under H,0, treatment. (e) Live (n=4;n=Dbiologically independent samples).
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Extended Data Fig. 10 | Defective Kennedy pathway demonstrates enhanced
capacities in restoring cellular reductive capacity after oxidative stress.

(a) The position of C98 residue in Cptl and relative abundance of CDP-choline
inall Cptl cysteine residue mutants in cptideptiA cells. (b) The position of C184
residue in Eptland relative abundance of CDP-ethanolamine in all Eptl cysteine
residue mutantsin cptideptiA cells. (c) Live cellimaging of Cpt1-GFP and Cptl
(C98S)-GFP in eptl1A cells and Eptl-GFP and Ept1 (C184S)-GFP in cpt1A cells before
and after H,0, treatment. Scale bar =3 pum. (d) Relative abundance of NADPH in

WT and cptldeptiA cells before and after H,0, treatment. Data are represented
asmean +SD (n =4; n = biologically independent samples). (e,f) Levels of NADPH
(e) and GSH (f) in WT and cptldeptiA cells switched to fresh minimal medium for
indicated times after a 30-min H,0, treatment. (g) Relative abundance of NADPH,
NADP* and NADPH/NADP* ratio in aged and young WT cells. Data are presented
asmean +SD (n =4; n =biologicallyindependent samples). (h) Relative
abundance of GSH, GSSG and GSH/GSSG ratio in aged and young WT cells.

Data are presented as mean + SD (n = 4; n = biologically independent samples).
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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.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
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.

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

|X’ 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)

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

|:| 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

XXX [0 0 XX [OOOS

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

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

Data collection  Intracellular metabolites were measured using the QTRAP 6500+ System, ABSCIEX. The raw data were extracted with the software Analyst
v1.7.2 and OS v2.0 from SCIEX; Real-time PCR was performed in a Bio-Rad CFX96 Connect device.

Data analysis The normalized abundances of metabolites were log-transformed, centered about the median, and clustered by Spearman rank correlation
algorithm using Cluster 3, and heat maps were obtained by the software Treeview 1.2.0.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- 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 data supporting the findings of this study presented in this article are available within the article, supplementary information and source data. In addition, the




RNA-seq data reported in this publication have been deposited in NCBI's Gene Expression Omnibus (GEO) and are accessible through GEO Series accession number
GSE269275 and GSE269277. Source data are provided with this paper.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.
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groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

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

Sample size Sample size was chosen based on experimental variability and the requirement of experimental samples for statistical analysis. At least three
biological replicates per group were collected to perform statistical testing, which is sufficient for a minimal data set underlying the figures
provided in the paper in order to support and interpret our central findings. Detailed n is indicated in the figure legends. No statistical method
was used to determine the sample size.

Data exclusions  No data or samples were excluded from the analysis.

Replication Experiments were performed at least twice to make sure that the results are reproducible, and representative data are shown. All attempts at
replication were successful. Details are shown in Method.

Randomization  All samples were randomly allocated to experimental groups and processed.

Blinding For the analyses of the gPCR data and cellular metabolites, blinding was not necessary since these analyses were observer independent.
Blinding was performed during the acqusition of the metabolic raw data. The researcher who inspected the spectra intensities were blinded
to the sample information. Western blotting was not performed blind to load samples by order.
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system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging
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Antibodies

Antibodies used mouse anti-FLAG M2 antibody (Sigma, Cat# F3165, dilution, 1:5000) and rabbit anti-G6PDH (Sigma, Cat#A9521, dilution, 1:5000),.

Validation All antibodies are commercially available and were validated as follows:
https://www.sigmaaldrich.cn/CN/zh/product/sigma/f3165
https://www.sigmaaldrich.cn/CN/zh/product/sigma/a9521

Eukaryotic cell lines
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Cell line source(s) The prototrophic CEN.PK strain of the budding yeast S. cerevisiae background was used in all experiments.
Authentication None of the cell lines used were authenticated.
Mycoplasma contamination The yeast cells were not tested for mycoplasma.

Commonly misidentified lines  no commonly misidentified cell lines were involved in this study.
(See ICLAC register)

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A






