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Supplementary Fig. 1 Fibroblast morphology, numbers, and viability under cytotoxic conditions. a
Schematic overview about the molecular mechanisms of the cytotoxic stressors used in this study.
CDK, cyclin-dependent kinase; GSK, glycogen synthase kinase. b-d Fibroblasts were cultivated
under diverse cytotoxic conditions for 48 h (b, d) or as indicated (¢). b Phase contrast images after 48
h; scale bar of the outer box: 25 um, scale bar of the insert: 10 um. Images are representative of three
independent experiments. ¢ Cell numbers over time (left panel) or at 48 h (right panel). d Metabolic
activity measured by MTT assay. Mean + s.e.m. (¢, left panel) and single data (c, right panel; d) from
n =13 (¢), n =4 (d) independent experiments. P values (c, right panel; d) vs. vehicle control; repeated
measures one-way ANOVA of log-transformed data + Dunnett’s post hoc test. The exact P values of
panels ¢ (right panel) and d are given in the Supplementary Data 4.
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Supplementary Fig. 2 PARP cleavage, PS externalization, cell viability, and membrane intactness.
Fibroblasts were cultivated under cytotoxic conditions for 48 h (b-f) or as indicated (a). a Time-
dependent cleavage of PARP (normalized to loading control); cl., cleaved. Western blots are
representative of eleven (48 h) or two (1 h and 24 h) independent experiments. Bands at 1 h were

considered as not detectable and set to 100%. b-e Annexin V and propidium iodide (PI) staining. b, e

Cytograms are representative of three independent experiments. ¢, d Proportion of annexin V / P1
negative cells (viable cells), annexin V positive cells (apoptotic cells), and annexin V negative / P1
positive cells (necrotic cells) as percentage of total cells. f Membrane intactness determined by trypan
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blue staining. Mean + s.e.m. (a, ¢, d) and single data (f) from n =2 (a for 24 h), n =3 (¢, d, f) and n
=11 (a for 48 h) independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 (a, d) or P values (a,
¢, d, f) vs. vehicle control; mixed-effects model (REML) (f) or repeated measures one-way ANOVA
+ Dunnett’s post hoc test (d) of log-transformed data (a, c¢). Exact P values for panel a (at 48 h) and c,

d, f are given in Supplementary Data 4. Uncropped Western blots are shown in Supplementary Fig.
38.
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Supplementary Fig. 3 Cytotoxic stress-induced changes in phospholipid content and composition.
Fibroblasts were cultured under cytotoxic stress conditions for 48 h (a, ¢) or as indicated (b). a
Cellular content of CL. b Time-dependent changes of the cellular content of PC, PE, PS, PG, and
FFA. Mean + s.e.m. (b) and single data (a) from n = 3 independent experiments. *P < 0.05, **P <
0.01, ***P < 0.001 (b) or P values (a) vs. vehicle control (a) for the respective time point (b);
repeated measures one-way ANOVA of log-transformed data + Dunnett’s post hoc test (b) or two-
tailed paired #-test of log-transformed data (a). Exact P values for panel b are given in Supplementary
Data 4. ¢ Principal component analysis of mean percentage changes in phospholipid proportions from
three (PE, PS, PI, PG) or four (PC) independent experiments relative to vehicle control. For PI,
previously published data were reanalyzed.'
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Supplementary Fig. 4 Phospholipid species regulated by cytotoxic stress. Fibroblasts were cultured
under cytotoxic stress conditions for 48 h. Volcano plots indicating phospholipids, whose proportions

are strongly and significantly altered by cytotoxic stress conditions. Comparisons of the indicated
treatment groups show the mean difference of percentage changes and the negative logio(adjusted P
value) from three (PE, PG, PS) or four (PC) independent experiments. Mean values and adjusted P
values given vs. vehicle control from n = 3 independent experiments; two-tailed multiple unpaired

student #-tests from log-transformed data with correction for multiple comparisons using a two-stage

linear step-up procedure by Benjamini, Krieger, and Yekutieli (false discovery rate 5%).
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Supplementary Fig. 5 Phospholipid fatty acid profile of stressed cells. Fibroblasts were cultured

under cytotoxic stress conditions for 48 h (b) or as indicated (a). Heatmaps showing changes in the
PC, PE, PG, and PS (a) or CL (b) profile as compared to vehicle control. Data are given as percentage

of the proportion of phospholipid species relative to vehicle control for each time point. Mean (a) or

4 (PC) independent experiments.

single data (b) from n =3 (PE, PG, PS, CL) orn
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Supplementary Fig. 6 Cytotoxic stress-induced changes in the PC fatty acid distribution. Fibroblasts
were cultured under cytotoxic stress conditions for 48 h, and percentage differences in the proportion
of individual fatty acids in PC are shown. A difference of 0% in acyl-PC indicates no change relative

to vehicle control. Mean + s.e.m. and single data from n = 4 independent experiments. P values vs.

vehicle control; repeated measures ANOVA of log-transformed data + Dunnett’s post hoc test. Exact

P values are given in Supplementary Data 4.
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Supplementary Fig. 7 Phospholipid unsaturation under cytotoxic stress. Fibroblasts were cultured
under cytotoxic stress conditions for 48 h (d, e) or as indicated (a-c). a-¢c Time-dependent changes of
the cellular content of SFA- (a), MUFA- (b), and PUFA-containing PC, PE, or PS (c). d Overlaid
changes in the cellular content of PS that either contain or are free of PUFAs. e Cellular content of
SFA- and UFA-containing CL. Mean + s.e.m. (a-¢) and single data (d, e) from » = 3 independent
experiments. *P < 0.05, **P < 0.01, ***P <(0.001 (a-c) or P values (d, e) vs. vehicle control (a-c, e)
for the respective time point or PUFA-PS and non PUFA-PS of the vehicle control, respectively (d);
repeated measures one-way ANOVA of log-transformed data + Dunnett’s post hoc test (a-d) or two-
tailed paired ¢-test of log-transformed data (e). Exact P values for panel a-d are given in
Supplementary Data 4.
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Supplementary Fig. 8 Subcellular fractionation of VAL-treated fibroblasts. Cells were treated with
vehicle or VAL (10 uM) for 48 h before (peri)nuclear and non-nuclear membranes were separated by
differential centrifugation. a Protein levels of the nuclear marker lamin B1, the cytosolic marker -
tubulin, the ER marker calnexin, and the plasma membrane Ca*" ATPase (PMCA), which degrades
during apoptosis. Western blots are representative of three independent experiments. Uncropped
Western blots are shown in Supplementary Fig. 39. b PUFA-PC ratio of the (peri)nuclear and non-
nuclear fraction. ¢ Heatmap showing changes in the PC profile as compared to the (peri)nuclear
fraction of the vehicle control. Data are given as percentage changes in the proportion of PC species
relative to the average proportion in the perinuclear fraction of vehicle-treated cells. Mean + s.e.m.
and single data (b) or single data (¢) from n = 3 independent experiments. P values vs. vehicle control
(b); two-tailed paired student #-test of log-transformed data (b).
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Supplementary Fig. 9 Dynamics of cell density and cell cycle progression and effect of medium
exchange. a, b Number of viable NIH-3T3 fibroblasts and cellular proportion of PUFA-PC after 48 h
of cultivation depending on the number of cells seeded (a) or on the treatment with VAL (10 uM) and
medium + VAL exchange after 24 h (b). Two datasets in a (0.5x10° cells; w/o and VAL) are identical
to b (without medium refresh; w/o and VAL). ¢ Cell cycle progression of NIH-3T3 fibroblasts treated
with VAL. Cytograms are representative of three independent experiments (c, right panel). d
Metabolic activity (measured by MTT assay) and viable numbers of NIH-3T3 cells treated with the
BCL-2 inhibitor Venetoclax, the BCL-2 family inhibitor ABT-737, and the CDK4/6 inhibitor
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Palbociclib for 48 h. Single data (¢, left upper panel) and mean + s.e.m. (¢, left lower panel; d, left
panel) and single data (a, b, d, right panel) from »n = 3 independent experiments. *P < 0.05, **P <
0.01, ***P < (.001 (c, lower left panel) or P values (a, b, d) vs. control (a: 1x10°seeded cells; b, ¢, d:
vehicle control at the indicated time point); repeated measures one-way ANOVA (d) or mixed-effects
model (REML) (a) of log-transformed data + Dunnett’s post hoc test or two-tailed paired student ¢-
test (c¢) of log-transformed data (b). Exact P values for panel a-d are given in Supplementary Data 4.
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Supplementary Fig. 10 Proportion of PUFA-PC in cancer- and non-cancer cells under cytotoxic
stress. Fibroblasts were treated with vehicle, VAL (10 uM), or MC (10 uM) for 48 h. Volcano plots
indicating cell lines or primary cells, whose PUFA-PC proportion is strongly and significantly altered
by VAL or MC. Comparisons of the indicated treatment groups show the mean difference of
percentage changes and the negative logio(adjusted P value) from n = 3 (HEK-293, HeLa, HepaRG
(only VAL), HepG2, HT-29, MCF-7, MM6), n = 4 (Monocytes, NIH-3T3) and n =5 (PMNL)
independent experiments. Mean values and adjusted P values given vs. vehicle control; two-tailed
multiple paired student #-tests with correction for multiple comparisons using a two-stage linear step-
up procedure by Benjamini, Krieger, and Yekutieli (false discovery rate 5%).
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Supplementary Fig. 11 Knockdown of ACCI1 in fibroblasts. ACC1 was silenced using three different
siRNA sequences (#1-3), and cells were harvested after 48 h. Non-targeting siRNA was transfected as
control (ctrl). Acc, p-actin and Gapdh mRNA levels were normalized to the total amount of cellular
RNA. Mean + s.e.m. and single data from » = 4 independent experiments. P values vs. non-targeting

siRNA control; repeated measures one-way ANOVA of log-transformed data + Dunnett’s post hoc
test.
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Supplementary Fig. 12 Contribution of ACC to PUFA metabolism under cytotoxic stress. a, b
Fibroblasts were exposed to cytotoxic stress for 48 h in presence and absence of the selective ACC
inhibitor TOFA. The radar chart indicates the percentage changes of PUFA-PC ratios relative to
vehicle control (a) and the line charts present total cell number (b). Interconnected lines indicate data
from the same independent experiment. c-e Fibroblasts were supplemented with 20:4-dg (1 uM) (¢, e)
or acetate-ds; (30 uM) (d) before being treated with vehicle, TOFA (5 uM), and/or VAL (10 uM) for
48 h. ¢ Cellular content of PC species containing 20:4-ds. d Cellular content of PC species with either
one or two acetate-ds incorporated into 20:4, 22:4, 22:5, or 22:6. e Cellular content of a PC species
containing 22:4 derived from the elongation of 20:4-ds. Mean (a), paired data (b), or mean + s.e.m.
and single data (c-e) from n = 3 independent experiments. P values vs. vehicle control (b-e); two-
tailed paired student #-test of log-transformed data (b), repeated measures one-way ANOVA (¢, d) or
mixed-effects model (REML) (e) of log-transformed data (¢, €) + Dunnett’s post hoc test. Exact P
values for panel ¢ are given in Supplementary Data 4.
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Supplementary Fig. 13 The stress-induced increase in PUFA-PC ratios depends on MUFA
availability and LPLAT12. a Fibroblasts were supplemented with 18:1 (100 uM) and treated with
vehicle or VAL (10 uM). The cellular proportion of PUFA-PC was determined after 48 h. b
Fibroblasts with silenced LPLAT12/LPCAT3 were treated with vehicle or VAL, and the cellular
proportion of PC subclasses and species was determined after 48 h. Non-targeting siRNA was
transfected as control (ctrl siRNA). Mean + s.e.m. and single data from n =3 (a for PE,b) and n =6
(a for PC) independent experiments. P values vs. vehicle control (a) or ctrl-transfected cells (b);
repeated measures one-way ANOVA of log-transformed data + Dunnett’s post hoc test (a) or paired
student #-test of log-transformed data (b). Exact P values for panel a are given in Supplementary Data
4,
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Supplementary Fig. 14 Regulation of key enzymes in de novo fatty acid biosynthesis. Fibroblasts
were cultured under cytotoxic stress conditions for 48 h (b) or as indicated (a, ¢) with the culture
medium + VAL (10 uM) being replaced after 24 h (d). Phosphorylation of ACC (a) and AMPK (c)
and expression of ACC (a), FAS (b), and SCDI1 (d). Western Blots are representative of three (a, ¢, d)
or six (b) independent experiments. Blots for the loading control B-actin at 1 h and 6 h are identical in
a and ¢, and blots for B-actin at 10 min (a), 1 h (a, ¢) and 24 h (c) are identical to Thiirmer et al..
Mean + s.e.m. and single data (d). P values vs. vehicle control; paired student #-test of log-
transformed data (d). Uncropped Western blots are shown in Supplementary Fig. 40 and 41.
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Supplementary Fig. 15 GO term enrichment analysis of biological processes. Fibroblasts were
treated with vehicle, VAL (10 uM), MC (10 uM), 18:1 (100 uM), VAL (10 uM) plus 18:1 (100 uM),
CAY10566 (CAY, 3 uM), or CAY (3 uM) plus PI(18:1/18:1) (50 pM) or the saturated control
PI(16:0/16:0) (50 uM), or were serum starved (serum) in presence or absence of 18:1 (100 uM) for 48
h. Proteins were considered to be upregulated or downregulated with fold changes of at least logz(1.5)
or -logy(1.5), respectively, and an adjusted P-value < 0.05 (Benjamini-Hochberg correction). The left
heatmap lists the 49 biological processes among the top 100 enriched ones that were most
significantly depleted from the considered proteins by both VAL and MC relative to vehicle control
when separately ranking them for the two stressors and calculating the average position (from top to
bottom). Logio(adjusted P values) are visualized by color. The right heatmap indicates for the same
set of biological processes those that are significantly enriched in the considered proteins relative to
vehicle control with fold changes > 0.5 and an adjusted P-value < 0.05. Independent experiments: n =
3, except n =2 for serum depletion.
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Supplementary Fig. 16 Stress-induced changes in the availability of proteins related to glycolysis,
gluconeogenesis, and the TCA cycle. Fibroblasts were treated with vehicle, VAL (10 pM), MC (10
uM), 18:1 (100 uM), VAL (10 uM) plus 18:1 (100 uM), CAY 10566 (CAY, 3 uM), or CAY (3 uM)
plus PI(18:1/18:1) (50 uM) or the saturated control PI(16:0/16:0) (50 uM), or were serum starved
(serum) in presence or absence of 18:1 (100 pM) for 48 h. The heatmap shows relative changes in
protein levels. Focus is placed on proteins that are up- or downregulated by VAL and MC in the same
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direction (= 20%). Single data of independent experiments (n = 3, except n = 2 for serum depletion)
were calculated as percentage of vehicle control.
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Supplementary Fig. 17 Stress-induced changes in the availability of proteins related to the pentose
phosphate cycle. Fibroblasts were treated with vehicle, VAL (10 pM), MC (10 uM), 18:1 (100 pM),
VAL (10 uM) plus 18:1 (100 uM), CAY 10566 (CAY, 3 uM), or CAY (3 uM) plus PI(18:1/18:1) (50
uM) or the saturated control PI1(16:0/16:0) (50 uM), or were serum starved (serum) in presence or
absence of 18:1 (100 uM) for 48 h. The heatmap shows relative changes in protein levels. Focus is
placed on proteins that are up- or downregulated by VAL and MC in the same direction (> 20%).
Single data of independent experiments (n = 3, except n = 2 for serum depletion) were calculated as
percentage of vehicle control.
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Supplementary Fig. 18 Stress-induced changes in the availability of proteins related to fatty acid
metabolism. Fibroblasts were treated with vehicle, VAL (10 uM), MC (10 uM), 18:1 (100 uM), VAL
(10 uM) plus 18:1 (100 pM), CAY 10566 (CAY, 3 uM), or CAY (3 uM) plus PI(18:1/18:1) (50 uM)
or the saturated control PI(16:0/16:0) (50 uM), or were serum starved (serum) in presence or absence
of 18:1 (100 pM) for 48 h. The heatmap shows relative changes in protein levels. Focus is placed on
proteins that are up- or downregulated by VAL and MC in the same direction (> 20%). Single data of
independent experiments (rn = 3, except n = 2 for serum depletion) were calculated as percentage of
vehicle control.
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Supplementary Fig. 19 Stress-induced changes in the availability of lysophospholipids and proteins
related to (phospho-)lipid metabolism. Fibroblasts were treated with vehicle, VAL (10 uM), MC (10
puM), 18:1 (100 uM), VAL (10 uM) plus 18:1 (100 uM), CAY 10566 (CAY, 3 uM), or CAY (3 uM)
plus PI(18:1/18:1) (50 uM) or the saturated control PI(16:0/16:0) (50 uM), or were serum starved
(serum) in presence or absence of 18:1 (100 uM) for 48 h. a The heatmap shows relative changes in
protein levels. Focus is placed on proteins that are up- or downregulated by VAL and MC in the same
direction (= 20%). Single data of independent experiments (n = 3, except n = 2 for serum depletion)
were calculated as percentage of vehicle control. b Pearson correlation between PUFA-PC ratio and
relative protein expression of ACACA and ACSLS5 for the independent datasets of vehicle, VAL, MC
and Serum. ¢, d Cellular proportion of lyso-PC (¢) and lyso-PE (d), summarizing 14:0- (only for lyso-
PC), 16:0-, 16:1-, 18:0-, 18:1-, 18:2-, 20:3-, 20:4-, and 22:5-containing species. Single data (a, b) or
mean + s.e.m. and single data (c, d) from » =2 (a and b for serum) or n =3 (a-d) independent
experiments. P values vs. vehicle control (¢, d), repeated measures one-way ANOVA of log-
transformed data + Dunnett’s post hoc test (¢, d) or Pearson correlation (b). Exact P values for panels
b, ¢ and d are given in Supplementary Data 4.
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Supplementary Fig. 20 Cytotoxic stress diminishes Akt activation. a, b Fibroblasts were cultivated
under cytotoxic conditions for 48 h (a) or as indicated (b). a Changes in the cellular levels of p-Akt
(normalized to Akt) relative to vehicle control. Mean + s.e.m. and single data (a) from n = 3
independent experiments. P values vs. vehicle control (a); two-tailed paired student ¢-test. b
Phosphorylation and expression of Akt. Western blots are representative of three independent
experiments. Uncropped Western blots are shown in Supplementary Fig. 42 and 43a.
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Supplementary Fig. 21 Role of the RTK-PI3K-Akt-SREBP1-axis in controlling lipid metabolic gene
expression and the PUFA-PC ratio. a-c Fibroblasts were treated with VAL (10 uM), the enzyme
inhibitors picropodophyllin (iRTK, 10 uM), LY294002 (iPI3K, 10 uM), ipatasertib (iAkt, 10 uM),
selisistat (iSIRT1, 10 uM), BAY3827 (1IAMPK, 5 uM), and laduviglusib (iIGSK-3p, 5 uM), pifithrin-f3
(ip53, 10 uM) or Skepinone L (ip38, 1 M) or the AMPK activator MHY 1485 (aMTORC1, 5 uM)
for 48 h. a Changes in the expression levels of ACSL3, ACSL4, ACSLS5, and SCD1 (normalized to B-
actin) relative to vehicle control. Uncropped Western blots are shown in Supplementary Fig. 43b. b
Immunofluorescence images are stained for SREBP1 and nuclei (DAPI). Images are representative of
>90 single cells analyzed in n = 3 independent experiments (scale bar: 20 um). Violin plots show the
integrated density per cell or per nucleus. ¢ Metabolic activity (measured by MTT assay) and cellular
proportion of PUFA-PC. Mean + s.e.m and single data (a, ¢) or median and quartiles (b) from n =4
(a, ACSL3, ACSL4, ACSL5) or n =3 (a, SCDI, b, ¢) independent experiments. P values vs. vehicle
control (a-c); repeated measures one-way ANOVA of log-transformed data (a, ¢) + Dunnett’s post
hoc test and two-tailed unpaired student z-test (b). The exact P values of panel ¢ are listed in
Supplementary Data 4.
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Supplementary Fig. 22 Expression of pro-survival kinases and kinase substrates upon stress.
Fibroblasts were cultivated under cytotoxic conditions for 48 h. Total protein expression was
determined after 24 and 48 h and normalized to B-actin; n.a., not analyzed. Representative Western

blots are shown in Supplementary Figure 23. Mean + s.e.m. and single data from n = 3 (except n =2
for GSK-3p, 24 h) independent experiments. P values vs. vehicle control; repeated measures one-way
ANOVA of log-transformed data + Dunnett’s post hoc test. Exact P values for mTOR, p70/p85 S6K,

ERK1/2 and IkBa are given in Supplementary Data 4.
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Phosphorylation of kinases or kinase substrates and total protein expression were determined after 24

and 48 h in fibroblasts cultured under cytotoxic conditions. Western Blots are representative of two
(p-GSK-3p, 24 h) or three (all other blots) independent experiments. Uncropped Western blots are

shown in Supplementary Fig. 44-49.
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Supplementary Fig. 24 Role of caspases in regulating Akt phosphorylation and PUFA-PC ratios.
Fibroblasts were treated with vehicle or the pan-caspase inhibitor Q-VD-OPh (Q-VD; 20 uM) and
were exposed to cytotoxic stress for 48 h. a Changes of the cellular levels of non-cleaved caspase 3
(normalized to B-actin or GAPDH) relative to vehicle control and representative Western blots for
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non-cleaved caspase 3 and B-actin. b-d Interconnected lines compare data from the same independent

experiment. b Changes of the cellular levels of p-Akt (normalized to f-actin or GAPDH) relative to
vehicle control and representative Western blots for p-Akt, total Akt, and B-actin. ¢ Cellular
proportion of PUFA-PC. d Cellular content of PC. Data of ¢ are identical to w/o in Fig. 2g and

Supplementary Fig. 12a. Mean (a) or paired data from n = 3 (a, b for + Q-VD in the MC chart, ¢ for

the left chart, ¢ for + Q-VD in the STS, CHX, ETO, TPG, VAL, Serum, and MC charts, d), n=4 (b
for the left panel, b for + Q-VD, ¢ for - Q-VD), n =8 (b for - Q-VD in the STS, CHX, ETO, TPG,

VAL, Serum, and MC charts) independent experiments. P values vs. vehicle or Q-VD control (b-d);
two-tailed paired student #-test of log-transformed data (b-d). Uncropped Western blots are shown in
Supplementary Fig. 50. Exact P values for panel b are given in Supplementary Data 4.
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Supplementary Fig. 25 Sorafenib resistance lowers the cellular proportion of PUFASs in
phospholipids. Cellular proportion of PUFA-PC, PUFA-PE, PUFA-PI, and PUFA-PS, PUFA-
containing sphingomyelins (PUFA-SM), and free PUFAs in wild-type (‘wt’) and sorafenib-resistant
Huh-7 hepatocarcinoma cells (‘resistant HCC’). Mean + s.e.m. and single data from n =5
independent experiments. P values vs. vehicle control; two-tailed paired student ¢-test of log-
transformed data.
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Supplementary Fig. 26 Kinetics of cell death induction by Akt inhibition in stressed and non-stressed
cells. Fibroblasts were treated with vehicle or the selective Akt inhibitor GSK690693 (GSK, 1 uM),
and exposed to cytotoxic stress. a, b PARP cleavage normalized to -actin; cl., cleaved. Western blots
are representative of nine (b for w/o) or three (b for GSK) independent experiments in technical
duplicates (a). Data of a, b are identical to w/o in Supplementary Figs. 2a and 31. ¢, d Annexin V and
propidium iodide (PI) staining. ¢ Proportion of annexin V / PI negative cells (viable cells), annexin V
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positive / PI negative cells (early apoptotic cells), annexin V positive / PI positive cells (late apoptotic
cells), and annexin V negative / PI positive cells (necrotic cells) as percentage of total cells. d
Cytograms are representative of three independent experiments. Number of cells analyzed: > 25,000.
Mean + s.e.m. (¢) and single data (a) or paired data (b) from n =3 (a, b, with GSK, ¢, d), n =9 (b,
without GSK) independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 vs. vehicle control at
the respective timepoint (¢) or P values vs. vehicle control (a, b) or as indicated (¢); two-tailed paired
student #-test of log-transformed data (a-c) or repeated measures one-way ANOVA of log-
transformed data + Dunnett’s post hoc test (¢). Exact P values for panel b and ¢ are given in
Supplementary Data 4. Uncropped Western blots are shown in Supplementary Fig. 51.
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Supplementary Fig. 27 Kinetics of cell death induction by ACC inhibition in stressed and non-
stressed cells. Fibroblasts were treated with vehicle, the selective ACC inhibitor TOFA (5 uM),
and/or VAL (10 uM) and stained with annexin V and propidium iodide (PI). a Proportion of annexin
V / PI negative cells (viable cells), annexin V positive / PI negative cells (early apoptotic cells),
annexin V positive / PI positive cells (late apoptotic cells), and annexin V negative / PI positive cells
(necrotic cells) as percentage of total cells. b Cytograms are representative of three independent
experiments. Number of cells analyzed: > 25,000. Data shown for w/o and VAL are identical to
Supplementary Fig. 26¢, d. Mean + s.e.m. (a) from n = 3 independent experiments. *P < 0.05, **P <
0.01, ***P < 0.001 vs. vehicle control at the respective timepoint or P values as indicated (a); two-
tailed paired student #-test of log-transformed data (a) or repeated measures one-way ANOVA of log-
transformed data + Dunnett’s post hoc test (a). Exact P values for panel a are given in Supplementary
Data 4.
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Supplementary Fig. 28 Constitutively active Akt suppresses apoptosis induction in stressed cells. a
Time-dependent expression of the active Akt-DD mutant (T308D/S473D) (normalized to B-actin)
upon transient transfection of fibroblasts. Western blots are representative of two (left panel) or three
(right panel) independent experiments. b, ¢ Annexin V and DRAQ7 staining. Representative
cytograms are shown in Supplementary Fig. 29. b Proportion of annexin V positive / DRAQ7
negative cells (early apoptotic cells). ¢ Proportion of annexin V negative / DRAQ7 negative cells
(viable cells). Mean + s.e.m. from n = 2 (a for 24 h), n =3 (a for 48 h, b, ¢), n=4 (b and ¢ for w/o
and VAL) independent experiments. P values vs. vehicle control; two-tailed paired student -test.
Uncropped Western blots are shown in Supplementary Fig. 52.
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Supplementary Fig. 29 Effect of constitutively active Akt (Akt-DD) on cell death induction in
stressed cells. Annexin V-555 and DRAQ7 staining. Cytograms are representative of three or four
(w/o and VAL) independent experiments. Number of cells analyzed: > 5,000.



Q

0.8784
0.4830
0.3638

P=0.
p=
P=0.

- =
(=3 o
o o

o
o

PUFA-PC [% of vehicle]
o

& \\Q&&Q
W 00 ©
R

[% of vehicle]

b

o

50 100 150 200

insulin
bFGF

'
O
[a]
o

w/o

PC(16:0/16:0)

PC(16:0_18:0)
PC(16:0_16:1)
PC(16:0_18:1)
PC(18:0_18:1)

8:1)
18:2)
18:2)

o
0
>
(=)
OO
©

N
2 O ¢
RS

PC(18:1
PC(16:1
PC(18:1

]
Q
>
D -

PC(16:0_204)
PC(18:1_20:3)
PC(18:0_20:4)
PC(18:1_20:4)
PC(0-32:0)
PC(0-32:1)
PC(0-34:1)
PC(0-34:2)
PC(0-34:2) iso
PC(0-36:1)
PC(0-36:2)
PC(0-36:2) iso

PE(16:0_16:
PE(16:

|

6|o

el
m
22
=1
m_‘

PE(18:1_18:2)
PE(16:0_20:4)
PE(18:0_20:4)
PE(18:1_20:4)
PE(18:0_22:5)
PE(0-34:1)

PE(0-36:2)

PI(20:0_18:2
PI(18:1_18:2
PI(18:0_20:3)
PI(16:0_20:4)
PI(18:0_20:4)
PI(18 1720:4)
PI(18:0_22:5)

PG(16:0_16:1)
PG(16:0_18:1)
PG(18:0_18_1)
11_18:1)
PG(18:1718:1)
PG(18:1_18:2)
PG(18:0_20:3)
8:1_20:3)
PG(18:0_22:6)
PG(18:1_22:6)
PS(18:0_16:1)
PS(18:0_18:1)
PS(16:1_18:1)
PS(18:1718:1)

PS(20:0_18:2)
PS(16:0_20:3)
PS(18:0_20:3)
PS(18:0_20:4)
PS(18:0_22:4)
PS(18:0_22:5)
PS(18:0_22:6)

PUFA-PS [% of vehicle]

(]

© o @ 5 oo
8 & 3 8 8 2
S o 9© < ©° <
S 3 3 - S s o
oo ) ]
a o a o a a a
150 S 150
>
N o
100 ° 100
=
50 Q s0
£
0 5 o
O o
& es)\\(;@‘bQoQ q‘\ QQQ,Q(;(
\(‘00 Ad \(‘OC‘) Y
Q Q
d [% of vehicle]
|
0 100 200 300
w/o
nuclear g 2 u bFGF
. . /0
mitochondrial g m ‘évFGF
membrane e
" w/o
cytosolic bFGF

e

NIH-3T3

3T3-

Hepa

L1

1-6

[% of vehicle]

| |

0 100 200 300
w/o
Insulin

| | PDGF BB

bFGF
w/o
Insulin
PDGF
w/o
Insulin
PDGF
bFGF

s NCSSANSANANN

;\;\ \o\olglg\;\nglg\Nl

3 -

Eﬂ_ﬂ_ﬂ_ [ Wa Wy o Wy o Y o Y o WY WY Y0 R

bFGF vs. w/o

A SFA/PUFA [0 MUFA/PUFA O SFA/MUFA

-logje(adjusted P value)

NIH-3T3 3T3 Hepa 1-6
PI(18:0_225) i o PI(18:1/18:1)
34 PI(18:1/18:1)
Ac0o-PI(18:0_18:1)
PI(18:1/18:1)
24 PI(16:0_18:1)p céomus:o_wn)
11 Al A
AB
oo
ol ®
-1 0 1

difference of means

FFA
Oinsulin O PDGF A bFGF

S0

g

& 0.8

2 0.6

g

5 0.4

s

S 0.21

2 :

= 0.0 = :

A 0 1
difference of means

bFGF vs. wio

A SFA/PUFA [ MUFA/PUFA O SFA/MUFA
nuclear

4

mitochondrial membrane

3] PI180_203) o PIN16:1_18:1)

PI(18:1_20:3) A Q- PI(16:0_16:1)
PI(18:0_20:3) 2
PI(16:0_18:1)
% &
IQOQ

-logqp(adjusted P value)
- N

A&
%
y

4

o

-1 0 1
difference of means
Insulin vs. w/o

A SFA/PUFA [ MUFA/PUFA O SFA/MUFA

NIH-3T3 3T3 | Hepa 1-6
—_— 4_
()
=
©
> 34
Q
°
2
E
T
8 corees PIABIO_T81) pyfevvvcennrncnninns
2 1
] -
B %

0 r r

-1 0 1

difference of means

PDGF vs. w/o
A SFA/PUFA 0O MUFA/PUFA O SFA/MUFA
NIH-3T3 3T3 Hepa 1-6
A-PI(18:0_22:3)
34 : o PI(18:0_18:1)

PI(18:0_20:3)p © o-PI(18:1/18:1)
PI(18:1/18:1) - PI(16:0_18:1)

{ A-PI(18:0_22:5)

ni‘m

A A

A

[=5)

ol— % ;
-1 0 1

difference of means

-logqo(adjusted P value)
N

Supplementary Fig. 30 RTK ligands induce a shift from PUFA- to MUFA-containing phospholipids.

a-c Swiss-3T3 fibroblasts were stimulated with vehicle, insulin (1 uM), PDGF (25 ng/ml), or bFGF
(10 ng/ml) for 24 h. a Changes in the cellular proportion of PUFA-PC, PUFA-PS, and PUFA-PG

relative to vehicle control. b Heatmap showing mean percentage changes in the cellular proportion of

phospholipids relative to vehicle control. ¢ Volcano plot indicating that FFA proportions are neither

strongly nor significantly altered by insulin, PDGF, or bFGF. Comparisons show the mean difference

of relative intensities and the negative logjo(adjusted P value). d Swiss-3T3 cells were treated with
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vehicle or bFGF for 24 h before being subcellularly fractionated by differential centrifugation. The
heatmap shows mean percentage changes in the proportion of PI species relative to vehicle control.
The volcano plot was calculated as described for panel ¢ and indicates nuclear, mitochondrial, and
nuclear PI species, whose proportions are strongly and significantly altered. e NIH-3T3 fibroblasts,
3T3-L1 preadipocytes, and Hepal-6 hepatoma cells were stimulated with insulin, PDGF, or bFGF for
24 h. The heatmap shows mean percentage changes in the cellular proportion of PI species relative to
vehicle control. Volcano plots were calculated as described for panel ¢ and indicate PI species, whose
proportions are strongly and significantly altered by insulin, PDGF, or bFGF. Mean (b-e) or mean +
s.e.m. and single data (a) from n = 3 (a-e; except n =2 for the vehicle control of the cytosolic fraction
in panel d) independent experiments. P values vs. vehicle control (a); two-tailed unpaired student #-
test (a). Adjusted P values given vs. vehicle control (¢, d, e); two-tailed multiple unpaired student ¢-
tests from log-transformed data with correction for multiple comparisons using a two-stage linear
step-up procedure by Benjamini, Krieger, and Yekutieli (false discovery rate 5%) (c, d, e).
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Supplementary Fig. 31 Cytotoxic stress-induced PARP cleavage in cells with active and inactive
ACC. Fibroblasts were treated with vehicle or the selective ACC inhibitor TOFA (5 uM) and/or were
cultured under cytotoxic conditions for 48 h. Radar chart indicating the percentage changes of PARP
cleavage (normalized to B-actin) relative to vehicle control; cl., cleaved. Mean from n =9 (w/0) or n =
3 (TOFA) independent experiments. Data are identical to w/o in Supplementary Fig. 2a, 26a and 26b.
Western blots are representative of three independent experiments. Uncropped Western blots are
shown in Supplementary Fig. 53.
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Supplementary Fig. 32 Regulation of the ACSL isoenzyme pattern by cytotoxic stress. Fibroblasts
were exposed to cytotoxic stress for 48 h and subjected to quantitative proteomics. a-¢ Radar charts
indicate the percentage changes of cellular ACSL4 (a), ACSL3 (b), and ACSL1 (c) levels relative to
vehicle control. Mean from n = 3 (except n = 2 for serum) independent experiments.
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Supplementary Fig. 33 Manipulation of the cellular PUCA-PC ratio affects membrane peroxidation.
a MDA-MB-231 (shGFP) breast cancer cells were treated with vehicle, RSL3 (1 uM), and/or
CAY10566 (CAY, 3 uM) for 48 h. Metabolic activity was measured by MTT assay. b NIH-3T3 cells
were preincubated with 20:4/arachidonic acid (20 uM) for 24 h and then treated with vehicle or RSL3
(0.5 uM) for 24 h before determination of the PUFA-PC ratio and viable cell numbers and
visualization of 4-HNE together with nuclei (DAPI) by immunofluorescence microscopy. Images are
representative of > 84 single cells analyzed in » = 3 independent experiments (scale bar: 20 um). The
bar chart shows the integrated density per cell. Data for w/o are identical to Fig. 8g. ¢ Changes in
viable cell number and membrane intactness (trypan blue exclusion) of MDA-MB-231 cells (WT and
LPCAT3™) treated with vehicle, VAL (10 uM), or MC (10 pM), or serum-starved (Serum) for 48 h
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and challenged with vehicle or RSL3 (0.1 uM). d Uncropped Western blot of LPCAT3 and B-actin
showing the deletion of LPCAT3 in MDA-MB-231 cell derived from experiments #5, #11, #16, and
#24. e PUFA-PC ratio and proportions of individual fatty acids in PC of MDA-MB-231 cells (WT and
LPCAT3™). Mean + s.e.m. and single data (a-c, e) from n =3 (a, b, ¢, WT), n =4 (¢, LPCAT2™"
based on deletions #5, #11, #16 and #24), n =15 (e, WT) or n = 8 (e, LPCAT3” based on deletions #5,
#11, #16 and #24) independent experiments. P values vs. vehicle control (a, b), as indicated (a-c, €) or
vs. wild type (e right panel); repeated measures one-way ANOVA of log-transformed data + Tukey
post hoc test (a, b, viable cells and 4-HNE) or two-tailed unpaired (e) or paired (b, PUFA-PC, ¢)
student #-test of log-transformed data.
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Supplementary Fig. 34 Effect of apoptotic and cytotoxic stress on membrane peroxidation and
sensitization to ferroptosis. NIH-3T3 fibroblasts were treated with vehicle, RSL3 (0.05 uM), STS (0.3
uM), TPG (2 pM), CHX (20 pg/ml), ETO (10 uM), Fer-1 (3 uM), VAL (10 uM), or ABT-737 (10
uM) for 48 h. a Membrane intactness determined by trypan blue staining. Mean + s.e.m. and single
data from n = 3 independent experiments. P values vs. vehicle control; two-tailed unpaired student z-
test. Exact P values are given in Supplementary Data 4. b Immunofluorescence images were stained
for cleaved caspase-3, 4-HNE, and nuclei (DAPI). Images are representative of n = 3 independent
experiments (scale bar: 20 um).
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Supplementary Fig. 35 Expression of RTKs and fatty acid biosynthetic enzymes in correlation with
ferroptosis resistance. a, b Pearson correlation Z-scores for each compound inform about the
correlation of cancer cell resistance with the expression of insulin and growth factor receptors (a) as
well as ACACB (ACC2) and FASN (b). Number of cancer cell lines: 824; number of small
molecules: 481. Data were extracted from the Cancer Therapeutics Response Portal and are presented
in box plots with an interquartile multiplier of 0.5.

46



a Redox homeostasis [% vehicle] b

HMOX1 B >500 CAY vs. w/o
ERO1A N | }
GCLM H— E B s00 a
GSTA4 :

[ ] |

]

H

w
N

CTH | I o
PRDX1 PRDX5 O GSR> ®ERQA
[ ‘o e

CLM
o PROXT

SOD! e csTA
........... AKR7A:

{8 HMOX1
EPHXTO Q%PRDX1

NAA30 [
GSTO1
ESD
LMNB1
CHKB
PRDX2
PAK2
CASP3
SKP1
SHMT2
PARP1
MAT2A
MTCO2
CAND1
EPHX1
ATP6V1E1
SHMT1
PAK1
PRDX5
DNM1
cuL1
SPTAN1
IDH2
GSTM2
MAT2B
GSTM1
TYMS
GSTM5
ACO1
HMOX2
GSR

-
|

= 400 2 - 0 1 2
difference of means

-logqo(adjusted P value)
N

o

(3]

PI(18:1/18:1) + CAY vs. CAY

300

.......................... £ SOD2 e

14 PRDX5 -&

PRDXD  @-EPHX1
EROIAYp  HMOX1
GCLM GSR

. e
-2 -1 0 1 2
200 difference of means

-logqg(adjusted P value)

o

18:1+ VAL vs. VAL

1.5+ GSTA4
GCLM-¢ ®-GSR

100 _
1.0 o :
: EPHX1
oprox?”
HMOXA -%)
{®-ERO1A

%F‘RDXS
PRDX2
0.0 T ? T

-2 -1 1] 1 2
0 difference of means

ATP6VOA1
ATP6VOD1 [l
MAP3K7
FADS1
FADS2
AKR7A2
CYP20A1
ATP6V1F
HS2ST1

0.5

-logqp(adjusted P value)

Supplementary Fig. 36 Regulation of proteins in redox homeostasis at the proteome level.
Fibroblasts were treated with vehicle, VAL (10 uM), MC (10 uM), 18:1 (100 uM), VAL (10 uM)
plus 18:1 (100 uM), CAY 10566 (CAY, 3 uM), or CAY (3 uM) plus PI(18:1/18:1) (50 uM) or the
saturated control PI(16:0/16:0) (50 uM), or were serum starved (serum) in presence or absence of
18:1 (100 uM) for 48 h. Quantitative proteomics focused on proteins that contribute to redox
homeostasis (and are either related to ROS regulation, antioxidant function, glutathione metabolism,
iron metabolism, NRF2 signaling, or ferroptosis) and are up- or downregulated by VAL and MC in
the same direction (> 20%). a Heatmap showing relative changes in protein levels. Single data of
independent experiments (n = 3, except n = 2 for serum depletion) were calculated as percentage of
vehicle control. b-d Volcano plots highlight proteins that are regulated by CAY compared to vehicle
control (b) or whose regulation by CAY (c¢) and VAL (d) is compensated by PI(18:1/18:1) and 18:1,
respectively. Comparisons of the indicated treatment groups show the difference of mean absolute
intensities of logjo data and the negative logio(adjusted P value) from three independent experiments.
Adjusted P values given vs. vehicle control; two-tailed multiple unpaired student #-tests from log-
transformed data with correction for multiple comparisons using a two-stage linear step-up procedure
by Benjamini, Krieger, and Yekutieli (false discovery rate 5%).
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Supplementary Fig. 37 Biosynthesis of isoprenoids via the mevalonate pathway. FDPS, farnesyl
diphosphate synthase; GGPS, geranylgeranyl diphosphate synthase; HMGCR, HMG-CoA reductase;
IDI, isopentenyl-diphosphate delta isomerase.
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Supplementary Fig. 38 Uncropped versions of the Western Blots presented in Supplementary Fig.
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Supplementary Fig. 39 Uncropped versions of the Western Blots presented in Supplementary Fig. 8.
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Supplementary Fig. 40 Uncropped versions of the Western Blots presented in Supplementary Fig.
14a and b. The blots for the loading control B-actin at 10 min and 1 h are identical to Thiirmer et al.”.
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Supplementary Fig. 41 Uncropped versions of the Western Blots presented in Supplementary Fig.
14c and d. The blot for the loading control B-actin 1 h is also shown by Thiirmer et al.2. The blots for
the loading control B-actin 1 h and 6 h are identical to Supplementary Fig. 14a and Supplementary
Fig. 40.
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Supplementary Fig. 23
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Supplementary Fig. 47 Uncropped versions of the Western Blots (p-GSK-3p and GSK-3B) presented
in Supplementary Fig. 23. The blot for the loading control B-actin shown for p-GSK3f at 48 h is
identical to Supplementary Fig. 23 (p-mTOR) and Supplementary Fig. 44.

58



Supplementary Fig. 23

24 h

48 h

kDa

100 —
70—

e cceecae-

& SRS
o

o

55—

40—
3B—
25—
15— i - - T
O <2300 O
& éaéggy%
kDa
100— g > s o g,
70— DII! ------I-_e
55— 8- - : - g
° D 340,00 v <
& SRER A:éo@\“
—

© SRS
60

.‘Q'—.'. -nv-q'.:" :

p-MARCKS

B-actin

“w
[ &

. p-MARCKS

B-actin

& |

ST S
R ]

kDa

130 —

100—
70—

o [ —— - - ——— - —

& SRS
60

S

O OISl
- éc?‘é,@\\:éoé

kDa

100 — q

- I i b gy
oy e gl 24

55—

&£ AL S
60

40— ;—I&i-----&_‘_-

35—
25—

w‘ﬁﬁﬁﬁgy&

MARCKS

: \ B-actin

. MARCKS

B-actin

Supplementary Fig. 48 Uncropped versions of the Western Blots (p-MARCKS and MARCKS)
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Supplementary Fig. 49 Uncropped versions of the Western Blots (p-ERK-1/2 and ERK-1/2)
presented in Supplementary Fig. 23. The blot for the loading control B-actin shown for ERK-1/2 at 24
h is identical to Supplementary Fig. 2a and Supplementary Fig. 38
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Supplementary Fig. 26a

o - — g [ ] cpare

NP
S P

i—-—-——--———- B-actin
-

40—
35—
25—

-

15—

N
&g
Supplementary Fig. 26b
kDa
GSK
100— ' | e ey . cl.PARP
S R
9@
GSK
E” T ] o
40— ¢ | | - B-actin

R R AR
)

Supplementary Fig. 51 Uncropped versions of the Western Blots presented in Supplementary Fig.
26a and b.

62



Supplementary Fig. 28
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Supplementary Fig. 31
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Gating Strategy
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Supplementary Tables

Supplementary Table 1 Oxidized 20:4 fragment ions selected in Q3

Q3 (m/7) ion
319 [PUFA+O-H]
+1[0] 317 [PUFA+O-3H]
301 [PUFA+O-H20-HT
335 [PUFA+20-H]
+2[0] 331 [PUFA+20-5H]
317 [PUFA+20-H,0-H]
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Supplementary Table 2 Retention times and MRM transitions for oxidized PE quantitation

species retention time Q1 Q3
P ranges [min] (m/7) (m/7)

PE(18:0/20:4+1[0]) 4.33-5.00 782.5 319

PE(16:0/20:4+2[O]) 3.65-4.05 770.5 331

291-3.10 798.5 331

PE(18:0/20:4+2[0]) 3.74-4.05 798.5 331

4.13-4.40 798.5 331
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Supplementary Notes

Supplementary Note 1

Induction of programmed cell death in fibroblasts by multiple pathways

NIH-3T3 fibroblasts were treated with VAL, MC, STS, CHX, ETO, or TPG or deprived of
nutrients and growth factors by serum depletion to induce cell death. Cultivation of NIH-3T3
fibroblasts under these mechanistically distinct cytotoxic conditions resulted in a decrease in
cell number relative to vehicle-treated cells within 24 to 48 h and induced morphological
changes (Supplementary Fig. 1b, ¢). Effects on cell morphology were dominated by reduced
cell spreading and varied widely between apoptosis inducers (Supplementary Fig. 1b).
Moreover, cells were fragmented by STS (Supplementary Fig. 1b), along with an increase
in particle count at 6 h (Supplementary Fig. 1¢). Cellular dehydrogenase activity, a measure
of metabolic activity and cell viability, was substantially reduced at 48 h for all cytotoxic

conditions investigated (Supplementary Fig. 1d).

Apoptotic progression, as monitored by poly (ADP-ribose) polymerase (PARP) cleavage,
started at 24 to 48 h and was most pronounced for ETO and TPG (Supplementary Fig. 2a).
Externalization of PS, as determined by annexin-V staining and flow cytometry
(Supplementary Fig. 2b, ¢), was observed for ETO > MC, serum depletion, STS > TPG,
VAL, CHX. The cytotoxic stressors at the selected concentrations initially induced mild cell
death after 48 h of treatment, which became more severe at higher concentrations, as shown

for VAL (Supplementary Fig. 2d, e).

Membrane intactness, as determined by trypan blue exclusion, decreased slightly and was
significant for VAL and TPG (Supplementary Fig. 2f). The induction of apoptosis and
secondary necrosis (annexin-V-positive cells) was accompanied by a moderate increase in

annexin-V-negative/propidium iodide-positive necrotic cells for MC, VAL, ETO, TPG, and
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STS (Supplementary Fig. 2b, ¢). Together, VAL, MC, STS, CHX, ETO, TPG, and serum
deprivation induce programmed cell death in fibroblasts with different efficiencies, kinetics,

and characteristics.
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Supplementary Note 2

Cytotoxic stress increases the PUFA-PC ratio independently of caspases

Using the pan-caspase inhibitor Q-VD-OPh?, we investigated whether caspase activation is
required to suppress Akt activation and increase the PUFA-PC ratio. First, we confirmed that
Q-VD-OPh inhibits the cleavage and thus activation of caspase-3 under basal and cytotoxic
conditions (Supplementary Fig. 24a). Next, we determined the effect of Q-VD-OPh on p-
Akt depletion (Fig. 24b) and PUFA-PC upregulation (Fig. 24¢) during cell death. Q-VD-OPh
neither prevented Akt activation nor the increase in PUFA-PC proportion, and also the
decrease in total PC was reduced only in VAL-treated cells (Fig. 24d). Thus, our data suggest
that caspase-independent pathways essentially shape phospholipid metabolism during the

initiation of cell death.
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Supplementary Note 3

Akt impairs apoptotic progression in fibroblasts

Inhibition of Akt with GSK690693 per se did not increase apoptotic PARP cleavage
(Supplementary Fig. 26a), PS externalization, or the number of non-viable cells within 48 to
72 h (Supplementary Fig. 26¢). However, programmed cell death was enhanced in
fibroblasts additionally challenged with VAL from 48 h (Supplementary Fig. 26¢, d). In
particular, PARP cleavage (Supplementary Fig. 26b) and the fraction of early apoptotic
cells and, to a lesser extent, necrotic and late apoptotic cells (Supplementary Fig. 26c¢, d)

increased under these conditions.
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Supplementary Note 4
Cytotoxic regulation of the redox proteome

Val- and MC-treated fibroblasts highly express ERO1la (Fig. 9c-e and Supplementary Fig.
36a), an ER-localized oxidoreductase that re-oxidizes protein disulfide isomerases®. Erola is
induced by the unfolded protein response (UPR) and burdens cells with hydrogen peroxide®.
Note that VAL and MC initiate the UPR under our experimental conditions®. SCD1 inhibition
caused a similar but less pronounced increase in ERO1a expression (Fig. 9e and
Supplementary Fig. 36a, b), whereas serum depletion and 18:1 supplementation failed to
elevate ERO1A levels (Fig. 9¢ and Supplementary Fig. 36a), suggesting that the regulation

of ERO1A is independent of growth factor signaling and fatty acid metabolism.

In addition, cell death induction by VAL and MC reduced the availability of multiple proteins
that protect against oxidative damage, either by eliminating ROS (SOD?2), detoxifying
(organic) peroxides, aldehydes, and epoxides (PRDX2, PRDXS5, AKR7A2, EPHX1), or
regenerating cellular antioxidants (GSR) (Fig. 9¢, d, g and Supplementary Fig. 36a). The
subsequent antioxidant response resulted in increased expression of nuclear factor erythroid-
derived 2-like 2 (NRF2) target genes (HMOX1°, ALDH3A1%7 PRDX1%, GCLM®, GSTA4’,
CTH!'° (Fig. 9¢, d, f, Supplementary Fig. 18 and 36a). HMOXI1 is a double-edged sword in
redox homeostasis and, when highly upregulated, rather promotes ferroptotic cell death by

mobilizing Fenton-active heme iron'!.

These (mal)adaptive regulations of the redox proteome were mimicked by SCD1 inhibition,
with only few exceptions (HMOX1, ALDH3A1), and partially compensated by either 18:1
(GSR, HMOX1, CTH, GCLM, GSTAA4), its metabolite PI(18:1/18:1) (PRDXS5), or both of
them (SOD2, PRDX1, EPHX1) (Fig. 9¢, d, f, Supplementary Fig. 36a-d). Serum restriction

influences the redox proteome differently than VAL and MC, but also causes an imbalance
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(Supplementary Fig. 36a). In particular, the cellular levels of the glutamate-cysteine ligase
modifier subunit (GCLM) decreased (Fig. 9h and Supplementary Fig. 36a), which is an
integral part of the rate-limiting enzyme in glutathione biosynthesis glutamate-cysteine ligase
(GCL). The decrease of GCLM is counteracted by the upregulation of protective enzymes
against oxidative stress (IDH1, GSTP1, AKR1B1, GSR, EPHX1, PRDX3, GCLC)

(Supplementary Data 1 and Supplementary Fig. 36a).

Suppression of the mevalonate pathway seems to be another common mechanism by which
cytotoxic stress increases the sensitivity to membrane peroxidation. In fact, 3-hydroxy-3-
methylglutaryl-CoA synthase 1 (HMGCS1), mevalonate kinase (MVK), phosphomevalonate
kinase (PMVK), and mevalonate diphosphate decarboxylase (MVD) were markedly
repressed in VAL- and MC-treated cells (Fig. 4a, b, Supplementary Fig. 19a and 37), likely
affecting not only cholesterol biosynthesis but also the formation of other isoprenoids,
including the radical ion traps ubiquinol and 7-dehydrocholesterol, which protect against
ferroptosis'?>!3. In contrast, serum depletion upregulated enzymes involved in the mevalonate
pathway (Supplementary Fig. 19a), as expected from the higher demand for de novo

biosynthesized cholesterol.
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Supplementary Note 5
Individual mechanisms of specific cytotoxic stressors

In this study, we investigated diverse cytotoxic agents covering a broad mechanistic range.
Because of this heterogeneity and the complex nature of cell death, we observed many
compound-specific effects, whose mechanisms have not been further characterized. Here, we
did not pursue such compound-specific effects, but focused on mechanisms that might be of
general relevance to cell death because they are shared by multiple cytotoxic inducers with

different molecular targets.

Many of the cytotoxic conditions applied in this study have been previously reported to
modulate lipid metabolism or the PI3K/Akt cascade. For example, TPG irreversibly traps the
sarco/endoplasmic reticulum Ca**-ATPase (SERCA) pump in the Ca**-free state, thereby
depleting intracellular Ca** stores'*. The increase in cytoplasmic Ca®" modulates fatty acid
biosynthesis, B-oxidation, and phospholipid profiles through multiple pathways, among
others, as a cofactor of phospholipases', PKC'¢, and calmodulin'’. In summary, a large body
of literature describes effects of cytotoxic agents (including TPG) on lipid metabolism and
survival signaling, but the underlying mechanisms are often obscure and causal relationships
have not been established. By linking RTK/PI3K/Akt survival signaling to fatty acid
metabolism and membrane homeostasis, we shed light on the mechanisms by which

cytotoxic stress promotes membrane peroxidation and engages multiple cell death programs.
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Supplementary Note 6
Putative relevance to phenotypes of ACC-deficient mice

Inhibition of de novo fatty acid biosynthesis by interference with ACC1 or SCD1? depletes
phospholipids of SFAs and/or MUFAs while relatively accumulating multiple 20:4-, 22:5-,
and 22:6-containing species. It is tempting to speculate that a shift in the phospholipid fatty
acid composition towards PUFA-containing species contributes to the embryogenic lethality
of homozygous Accl knockout mice'® by increasing the susceptibility to oxidative membrane
damage under cell stress. Along these lines, inhibition of fatty acid and phospholipid
biosynthesis is well-established to induce cell death!’, and inhibitors of fatty acid
biosynthesis have been developed as potential anti-cancer drugs®®?!. Acc2-deficient mice are
instead viable, have a higher rate of fatty acid oxidation?’ and show improved insulin

23.24 along with increased hepatic Akt phosphorylation?*. Although our proteomics

sensitivity
study did not detect ACC2 in fibroblasts, the very efficient decrease in cellular malonyl-CoA
levels suggests that both the cytosolic (ACC1) and mitochondrial isoenzyme (ACC2) are
depleted during initiation of cell death, with the latter likely contributing to the initial

increase in B-oxidation rate?.
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Supplementary Note 7
Multiple cytotoxic mechanisms suppress fatty acid biosynthesis

Cell death induces a caspase-independent switch in lipid metabolism from de novo fatty acid
biosynthesis to B-oxidation. The mechanisms by which fatty acid biosynthesis is decreased
vary among cytotoxic stressors and range from transcriptional/post-translational regulation of
fatty acid metabolism and substrate limitation to energy depletion through interference with
glycolysis, the tricarboxylic acid cycle, and oxidative phosphorylation. Many cell death
inducers act through more than one of these mechanisms. The decrease in acetyl-CoA levels
might also impair histone acetylation, with potential consequences for the epigenetic
regulation of lipogenic enzymes and other factors®. Different cell death conditions
consequently converge in elevating the cellular proportion of PUFAs in phospholipids
throughout intracellular membranes, while decreasing the overall phospholipid content.
Serum deprivation engages similar mechanisms, reducing RTK signaling and SFA and
MUPFA biosynthesis, while maintaining or even increasing the capacity for PUFA membrane
incorporation. The subsequent increase in the proportion of PUFA-containing phospholipids
was nevertheless surprising, because exogenous PUFAs (other than those released by the
cells) are not present in the serum-depleted culture medium. We hypothesize that autophagy,
as confirmed under our experimental conditions for serum starvation?, becomes a major
source for fatty acids. Released PUFAs seem to be channeled preferentially into
phospholipids over other fatty acids, as expected from the PUF A-specific acyl-CoA

transferase ACSL4%’, which becomes dominant during serum deprivation.
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Supplementary Note 8

Cytotoxic stress impacts the CL profile

CLs accumulate under cytotoxic stress (Supplementary Fig. 3a), as does the proportion of
saturated and unsaturated fatty acids in CLs (Supplementary Fig. 7e), and the fatty acid

composition of individual species is also substantially altered (Supplementary Fig. Sb). As
major components of the inner mitochondrial membrane, CLs are oxidized and externalized
early in apoptosis, resulting in the release of pro-apoptotic factors that execute apoptosis?*2°.
In addition, CLs have been described to move to other cellular membranes during apoptosis,

including the plasma membrane®®*!

, a process that might be influenced by the fatty acid
composition. Cell death-related changes of the mitochondrial lipid composition might also

affect Akt activation, considering that the mitochondrial translocation of the kinase

contributes to its anti-apoptotic activity>>.
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Supplementary Note 9
Experimental setup for FLIM

The setup used for two photon FLIM has been previously described in detail**-*. Briefly, the
laser system used for illumination consists of a high power ultrafast Ti:Sapphire laser (Mira
HP, Coherent), which is pumped by a frequency doubled continuous wave Nd-Vanadate laser
operating at 532 nm (Verdi V18, Coherent). The Ti:Sapphire laser emits 2 ps pulses at 76
MHz pulse repetition rate and approximately 830 nm central wavelength. Since the
fluorescence emission is isotropic, it is collected by the water immersion objective (LD C-
Apochromat, NA = 1.1, Zeiss) and directed to the FLIM detection module (Becker & Hickl)
by a dichroic mirror (long pass 600 nm) and cleaned from residual laser light using a short
pass filter (650 nm, Semrock) and a bandpass filter fitting the NAD(P)H emission window
(426-490 nm, Semrock). The TCSPC technique has been employed for detecting the arrival
time of the fluorescence photons with up to sub-ps time resolution for each pixel of the
image. In TCSPC, the number of fluorescence photons and the arrival time after the
excitation pulse are registered by a hybrid detector (HPM 100, Becker & Hickl) in
combination with a fast AD-conversion card (SPC-150, Becker & Hickl). The temporal
detection window is determined by the laser pulse repetition rate to 13 ns. The resulting
photon distribution can be fitted with up to 3 exponential functions in order to determine
amplitude and decay time, which enables to i) identify the fluorophore ii) determine the
spatial localization of the fluorophore, iii) investigate differences in the chemical
environments of individual fluorophore molecules, and iv) analyze differences in the cell’s
metabolic states. To ensure sample integrity during the measurements, the laser power
incident onto the sample has been reduced to avoid photo-induced sample degradation.
Specifically, the laser power was adjusted such that during the exposure time of the FLIM
measurement neither an increase in count rate due to the formation of fluorescent species by
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phototoxic effects nor a significant decrease in signal level due to photobleaching was
observed. The FLIM acquisition was stopped when more than 1000 photons were collected in
the brightest pixel. This photon count enables accurate fitting using a bi-exponential decay

function.

For data analysis, SPCimage (version 5.3, Becker & Hickl) has been used. The threshold
parameter has been adjusted to fit only the image area occupied by fibroblasts to exclude
background pixels. Typically, the binning parameter was set to 2 in order to increase the
number of photons per decay trace and improve the fitting accuracy. This results in binning
5x5 pixels for analysis and increases the number of photons by a factor of up to 25. The
threshold parameter is used to fit only pixels with sufficient photon counts and was set to 5 to
8. The threshold parameter is the maximum number of photons in a single time bin per decay

trace after binning.
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