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Supplementary Figure 1.
 
C
e
llular association
 of PEBCA, PBCA and POCA 
particles
.
 
The panel of cell lines was treated w
ith 25 

g ml
-1
 of PEBC
A, PBCA and POCA particles for 2
 hours
 at either 4 °C
 (
A
)
 or at 37 °C
 (
B
)
.
 The cells were washed three times in PBS, detached by 
Accutase
TM
 and washed again before the PACA particle fluorescence was detected by flow cytometry. 
At least 10,
000 
viable 
cells were counted for each condition.
 
Representative histograms 
are shown.
 
C
.
 The median fluorescence intens
ity from at least 10,
000 viable
 cells was determined 
for each condition and the fold increase compared to untreated control cells was calculated. The data are 
presented as mean values
 
±
 
SEM
 from 
three
 independent experiments.
 
)

Supplementary Figure 2.
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Supplementary Figure 
2
.
 
The PACA particles differentially induce ER stress. 
A.
 
To verify the specificity of the upward 
bandshift
 of PERK as 
readout
 for PERK activation
 and demonstrate the downstream signaling in the PERK pathway
, MDA-MB-231 cells were treated with 
the well-known ER stressor 
thapsigargin (
TG, 
100 
nM
, 2 hours) or POCA particles (25 µg ml
-1
, 4 hours) in the absence or pr
esence of the PERK inhibitor 
GSK2606414
 (100 
nM
)
.
 
Cell lysates were prepared for immunoblotting and the blots were probed with the indicated antibodies.
 Inhibition of PERK totally abolished the TG-induced 
bandshift
 of PERK, the phosphorylation of 
eIF2
 and accumulation of ATF4.
 
Also POCA-induced PERK activation was abolished by the PERK inhibitor.
 
B. 
The panel of cell lines was treated with the indicated concentrations of PEBCA, PBCA and POCA particles for 8 hours. At these concentrations cell death was kept to a minimum, except for 25 µg ml
-
1
 
of POCA particles. C
ell lysates
,
 
including detached cells,
 were prepared for immunoblotting
. The blots were probed with the indicated antibodies. In 
blots of 
ATF4
 and 
XBP1s
 
the asterisk
s denote 
unspecific band
s
. All samples were compared side by side on the same 
gel;
 the vertical 
dotted 
lines are drawn to simplify comparison.
 
C
. 
The unspecific band appearing on ATF4 
immunoblots
 was compared across our panel of cell lines by immunoblotting of equal amounts of cell 
lysate
. 
D
. The upper band on ATF4 
immunoblots
 was identified as unspecific by siRNA-mediated depletion of ATF4 in 
SW480
 cells. Two days after transfectio
n with either non-targeting control
 siRNA
 (
siCtrl
)
 or siRNA specific for ATF4, 
the 
cells were stimulated by TG (100 
nM
, 4 hours
) before lysates were prepared for immunoblotting.
 Only the lower band was specifically depleted by 
siATF4
.
 
  
)
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Supplementary Figure 3. The PACA particles differentially activate the integrated stress response. The efficiency of the simultaneous knockdown of the four integrated stress response kinases GCN2, PERK, HRI, and PKR was determined at the mRNA level for all four kinases (A) and at the protein level for the three kinases with commercially available antibodies (B). The asterisks denote the statistical significances compared to the untreated control. C-E. MDA-MB-231 cells were transfected with non-targeting control siRNA or a mixture of siRNAs targeting the four ISR kinases. After 48 hours the cells were treated with PBCA particles (25 µg ml-1) for the indicated times and cell lysates were prepared for immunoblotting. The relative levels of p-eIF2α (D) and ATF4 (E) were normalized to total eIF2α. F. Lysates of HAP1 WT, GCN2, PERK, PKR, HRI, and S51A cells were assessed for expression of GCN2, PERK, and PKR by immunoblotting. G. Functional knockout of GCN2, HRI and PERK in the HAP1 cells were assessed by starving the cells for amino acids in Earles’s balanced salt solution (EBSS, 1 hour), inducing oxidative stress by sodium arsenite (SA, 200 µM, 1 hour), or inducing ER stress by thapsigargin (TG, 4 µM, 2 hours), respectively. In S51A mutant eIF2α cells none of these stimuli activated p-eIF2α (only data for EBSS are shown). H. Relative protein synthesis measured by incorporation of [3H]leucine for 20 minutes after treatment of the indicated HAP1 cells with PBCA particles (25 µg ml-1, 1 hour). Treatment with sodium arsenite (200 µM, 1 hour), or thapsigargin (4 µM, 2 hours) served as positive controls for HRI and PERK, respectively. I. HAP1 WT, HRI, PERK, GCN2, or PKR cells were treated with PEBCA (50 µg ml-1) or POCA (25 µg ml-1) for the indicated times and cell lysates were prepared for immunoblotting. J. The ratio of p-eIF2α to total eIF2α was normalized to the maximum intensity within each experiment (instead of normalization to Ctrl) since the basal level of p-eIF2α was very low in these cells. The maximum p-eIF2α level was obtained by PBCA-treatment (data shown in Figure 2H). All bars show mean values ± SEM quantified from at least three independent experiments, except in H. where mean values from 2 independent experiments are presented as percent of untreated control, and the error bars denote the deviation from mean.  *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Supplementary Figure 4. POCA particles induce apoptotic phenotypes across a panel of cell lines. Phase contrast images of MDA-MB-231, Huh7, SW480, HCT116, PC3, and HeLa cells treated with 50 or 100 µg ml-1 of PEBCA, PBCA or POCA particles, as indicated, for 24 hours. Arrows indicate examples of condensed cells with extensive blebbing.
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Supplementary Figure 5. POCA particles induce cleavage of PARP and caspase-3 across a panel of cell lines. The indicated cell lines were treated with the indicated concentrations of PEBCA, PBCA or POCA particles for 8 hours and cell lysates, including detached cells, were prepared for immunoblotting. The blots were probed with antibodies against cleaved caspase-3 (cl. caspase-3) and eIF2α.
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Supplementary Figure 6. Excess glutathione inhibits the PBCA-induced stress responses in MDA-MB-231 cells. MDA-MB-231 cells were treated with PBCA (25 µg ml-1) in the absence or presence of reduced glutathione (GSH, 10 mM) for the indicated times and lysates were prepared for immunoblotting. The relative levels of ubiquitin (A), p-eIF2α (B), and ATF4 (C) were normalized to total eIF2α. The bars show mean values ± SEM quantified from at least three independent experiments. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Supplementary Figure 7. ATF4 and Nrf2 mediate protection against PEBCA- and PBCA cytotoxicity in MDA-MB-231 cells. A. Knockdown efficiency of ATF4 mRNA in MDA-MB-231 cells transfected with a non-targeting control siRNA (siCtrl) or two independent siRNAs against ATF4. The asterisks denote the statistical significances compared to the untreated control. B. To assess the impact of Nrf2 depletion on cell viability, fold sensitization to PEBCA or PBCA particles was calculated in cells depleted for Nrf2 (by siNrf2-2). To this end, IC50 values (the concentration of particles that induced 50% reduction in cell viability, indicated by dotted lines) were calculated for siCtrl and siNrf2 in each experiment that together make up Figure 6C. The fold sensitization is given as the IC50 ratio between siCtrl and siNrf2. C. Cell viability assessed as ATP levels of MDA-MB-231 cells depleted for both Nrf2 and ATF4 and 48 hours later treated with PEBCA or PBCA particles for 24 hours. The data were normalized to the respective non-particle-treated control. Double depletion of ATF4 and Nrf2 in itself only reduced the viability of untreated control cells by 20%. The asterisks denote the statistical significance between siCtrl and siATF4 + siNrf2 for each concentration of PBCA. The curves were extended to 100% viability to simplify comparison between siCtrl and siATF4 + siNrf2. D. ATF4 mRNA levels in MDA-MB-231 cells transfected with a non-targeting control siRNA (siCtrl) or two independent siRNAs against Nrf2, and then 48 hours later treated with PEBCA particles (50 µg ml-1) for 4 hours. E. mRNA levels of HMOX, GCLM or FTH1 in cells transfected with a non-targeting control siRNA (siCtrl) or by two independent siRNAs targeting Nrf2. 48 hours later the cells were treated with PEBCA (50 µg ml-1) or PBCA (12.5 µg ml-1) for 4 hours. F. MDA-MB-231 cells were treated with the indicated concentrations of PEBCA, PBCA or POCA for 16 hours and cell lysates were prepared for immunoblotting. All graphs show mean values ± SEM quantified from at least three independent experiments, except Fig. S6B PEBCA (n=2) and 6D GCLM mRNA PBCA (n=2). *, p < 0.05; **, p < 0.01; ***, p < 0.001.  
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Supplementary Figure 8. Model for PACA-induced cellular stress responses and mode of cell death. This illustration highlights our most important findings. * HRI is particularly induced by PBCA. ** Nrf2 is particularly induced by PEBCA. The POCA particles are the most potent inducers of ER stress, both via the PERK pathway and the IRE1 pathway. They are also the most potent inducers of apoptosis. At high concentrations the PEBCA particles induce ER stress and accumulation of ATF4, but concomitantly they potently induce pro-survival Nrf2 activation and downstream transcription of the cystine transporter SLC7A11. PBCA particles only weakly activate ER stress, but rather induce oxidative stress that is sensed by heme-regulated eIF2α kinase (HRI) and leads to accumulation of ATF4. PBCA particles also activate Nrf2, and both ATF4 and Nrf2 are responsible for the pro-survival PBCA-induced transcription of SLC7A11. PBCA particles deplete the cells of GSH and induce the lipid peroxidation-dependent cell death pathway ferroptosis. PEBCA particles induce ferroptosis if the availability of cystine is low. 
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