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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 cpt1Δept1Δ cells in minimal medium 
with different choline supplementation. Data are represented as mean ± SD 
(n = 3; n = biologically 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 

in WT cells after switching to choline-free medium. Data are represented 
as mean ± 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 = biologically independent samples).
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Extended Data Fig. 9 | Oxidative stress inhibits AAPT step in the Kennedy 
pathway. (a) Schematic depicting metabolite and lipid analyses of cells 
exposed to oxidizing agents. (b) Relative abundance of CDP-choline and CDP-
ethanolamine in WT cells exposed to N-methyl-N'-nitro-N-nitrosoguanidine 
(MNNG; 5 mM), menadione (MND; 1 mM) and H2O2 (5 mM) for 1 h. Data are 
presented as mean ± SD (n = 4; n = biologically independent samples). (c) The ion 
chromatogram of PC and d9-labeled PC species before and after H2O2 treatment. 
(d) Live cell imaging of Cpt1-GFP and Ept1-GFP under H2O2 treatment. (e) Live 

cell imaging of Cpt1-GFP and Ept1-GFP under H2O2 treatment. Vph1-mCherry is 
a vacuole marker, Sec63-mCherry is an ER marker and Edc3-mCherry is a P-body 
marker. Scale bar = 3 μm. (f,g) Western blots assaying protein levels of Cpt1-flag 
(f) and Ept1-flag (g) under H2O2 treatment. (h) Relative levels of DAG species in WT 
cells with or without a 60-min treatment of H2O2. Data are presented as mean ± SD 
(n = 4; n = biologically independent samples). (i) The total amount of DAG in cells 
with or without a 60-min treatment of H2O2. Data are presented as mean ± SD 
(n = 4; n = biologically 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 Cpt1 and relative abundance of CDP-choline 
in all Cpt1 cysteine residue mutants in cpt1Δept1Δ cells. (b) The position of C184 
residue in Ept1 and relative abundance of CDP-ethanolamine in all Ept1 cysteine 
residue mutants in cpt1Δept1Δ cells. (c) Live cell imaging of Cpt1-GFP and Cpt1 
(C98S)-GFP in ept1Δ cells and Ept1-GFP and Ept1 (C184S)-GFP in cpt1Δ cells before 
and after H2O2 treatment. Scale bar = 3 μm. (d) Relative abundance of NADPH in 

WT and cpt1Δept1Δ cells before and after H2O2 treatment. Data are represented 
as mean ± SD (n = 4; n = biologically independent samples). (e,f) Levels of NADPH 
(e) and GSH (f) in WT and cpt1Δept1Δ cells switched to fresh minimal medium for 
indicated times after a 30-min H2O2 treatment. (g) Relative abundance of NADPH, 
NADP+ and NADPH/NADP+ ratio in aged and young WT cells. Data are presented  
as mean ± SD (n = 4; n = biologically independent 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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