SUPPLEMENTARY INFORMATION

Acsl4a Dictates Ferroptosis Sensitivity by Shaping Cellular Lipid Composition

Sebastian Doll*, Bettina Proneth’, Yulia Y. Tyurinaz, Elena Panzilius?, Sho Kobayashi1 , Irina
Ingoldl, Martin Irmler®, Johannes Beckers®, Michaela Aichler’, Axel Walch’, Holger
Prokisch®, Dietrich Triimbach’, Gaowei Mao?, Feng Qu?, Hulya Bayirz, Joachim Fﬁllekrug7,
Christine Scheel?, Wolfgang Wurst', Joel A. Schick', Valerian E. Kagan? José Pedro

Friedmann Angeli'*, Marcus Conrad™*

1 Helmholtz Zentrum Minchen, Institute of Developmental Genetics, Ingolstadter Landstr. 1, 85764
Neuherberg, Germany

2 University of Pittsburgh, Department of Environmental and Occupational Health, Pittsburgh, PA 15219, USA

3 Helmholtz Zentrum Miinchen, Institute of Stem Cell Biology, Ingolstadter Landstr. 1, 85764 Neuherberg,
Germany

4 Helmholtz Zentrum Miinchen, Institute of Experimental Genetics, Ingolstadter Landstr. 1, 85764 Neuherberg,
Germany

5 Institute of Pathology, Helmholtz Zentrum Miinchen, Ingolstddter Landstr. 1, 85764 Neuherberg, Germany

6 Helmholtz Zentrum Minchen, Institute of Human Genetics, Ingolstadter Landstr. 1, 85764 Neuherberg,
Germany

7 University of Heidelberg, Department of Gastroenterology, Im Neuenheimer Feld 345, 69120 Heidelberg,
Germany

Correspondence to: marcus.conrad@helmholtz-muenchen.de (M.C) and pedro.angeli@helmholtz-muenchen.de (JPFA)

* these authors share co-senior authorship



Supplementary Results
Supplementary figure 1

120
10 days selection Ferroptosis Confirmation of true Expression b
with 100 nM RSL3 resistant clones ferroptosis resistance analysis < 9
by resistance to Gpx4 KO =
ﬁ,g{,é & é% 3 60
¢ - . - %
o 30
i o+
-10 -9 - -
RSL3 log[M]
uide ibrary infection enotypical selection ext generation sequencing
C Pfa1  Pfal-Cas9 d Guide RNA library inf Phenotypical selecti N i i

Phenotypic

IB: Flag J * selection

S5, O
IB: R-actin - %@ﬁ & =S ,
> RS

Cas9 expressing cells Mutated cell pool No selection Guide representation
e 120 120 f 120 100000
== Pfal +TAM
10000
- % — 9 % 90 == Pfal-TAM £
B = - Pfal %’ === Pfa1Cas9 +TAM 8 1000
2z - Pfal = 1) Pf: ]
= = — . © a1Cas9 -TAM =3
3% = Pfal-Cas9 3 ©° Pfal-Cas9 8 60 S 100
> > = g
3 3 z g v
° 30 © 30 9 30 -
1
0 0 oL, -t =9 0.1
-10 9 -8 -7 6 5 -8 -7 -6 -5 0 24 48 72 25000 50000 75000
RSL3 log[M] Erastin log[M] time [h] artificial guide number
. . 20 GSH levels
h 100nM RSL3 [183R] for 72h | st J —
=
2500+ o s » - rgz T s
2 ‘5.
20004 i, 2 10 = DMSO
£ S = BSO
£ cE £
c 1500+ = .
o B I
3 N 3
= 1000+ n s . o
w ccalebon setior-> 0 A
> &
500+ k & &
Gene gRNA sequence Clone no. Genotype Goxd :, it ¥
0+ Scr gggtcticgagaagacgttt 1 wt/wt 2 12+ pxa activit
T2 1 Ser ggatettcgagaagacgttt 2 wilwt £
sgRNA scr. Acsl4 gacagagcgatatggacttcc 1 wtiwt %
Acsl4 gacagagcgatatggacttcc 2 wt/wt 2 87
N = ‘ emeonane o - WT
B: Acsl4 . Acsl4 gacagagcgatatggacttce 3 -1bpi+1bp T B Acsi4 -/
S /-
. Acsl4 gacagagcgatatggacttcc 6 Unident. deletion/-127bp e}
[BiR-ACHT o e e e s S S oy w— Acsid qacagagogatatggactios ; o % 44 Bl Acsl4 addback
Acsl4 gacagagcgatatggacttce 8 Unident. deletion é
Acsl4 gacagagcgatatggacttcc 9 ~2bp/+2bp < o4




Supplementary Figure 1 | Generation of Pfal-Cas9 cells and set-up of genome-wide
screening for novel ferroptosis players. (a) Scheme of the generation and selection
procedure for the analysis of ferroptosis-resistant cell clones. (b) Dose-dependent killing of
Pfal cells. Cell viability was assessed 24 h after treatment using AquaBluer. (c) Immunoblot
analysis of NLS-FLAG-Cas9 expression in Pfal cells and Pfal-Cas9 cells using an antibody
against the FLAG epitope. (d) Scheme depicting the pooled CRISPR-based screen in
Pfal_CAS9 cells treated with RSL3 and erastin (ERA). (e) Dose-dependent cytotoxicity of RSL3
and ERA. Cell viability was assessed 24 h after treatment using AquaBluer. (f) Time-
dependent increase of LDH release in Pfal and Pfal-Cas9 upon Gpx4 deletion. (g) Deep-
sequencing analyses of the gRNAs in the lentiviral plasmid DNA library. 99.71 % of all gRNAs
of the lentiviral library were present. (h) Acsl4 KO is associated with high ferroptosis
resistance in Pfal cells. Cell viability of single cell clones was measured 24 h after RSL3
treatment using AquaBluer. (i) Genotype of different single cell clones shown in
Supplementary Figure 1h. Deletions and insertions in clones were detected using the tool
tide.nki.nl (TIDE results of the clone Acsl4-/- #9 are shown exemplarily). (j) Acsl4 KO cells do
not show increased levels of GSH. (k) Gpx4 activity is not elevated in Acsl4 KO cells compared
to wt cells. Data shown represents the mean * s.d. of n = 3 from a representative experiment
performed independently three times (b, e and f); j and k represents the mean ts.dofn=1

performed independently three times.



Supplementary figure 2

a 120m Acsl1 120m Acsl3 - Acsl5
°\E 90+ § 90+ 03 90
z z z
5 601 3 601 3 60
@ © [}
S | wr S - WT S
T 50 = Acsu - B g0 = Acsi-- B W7
=4 Acsl1-/- =8 Acsl3 -/- =@= Acsl4 -/-
o Acsi - Acsii-G od o Acsl4 -1 GFP-Acsl _ %= Acsl5 -/-
@0 © 8 7 & 5 @0 © 8 7 6 5 0 o 8 7 6 5
RSL3 log[M] RSL3 log[M] RSL3 log[M]
Acsl4 -/- Acsl4 -/- 5 5
[ WT  Acsl1 -/- _ 2 2
Acsl-GFP -+ GFP-Acsl3 -+ g g
- . ﬂ{ m_
IB: GFP S B: Acslt — IB: GFP — s 5
= 3 2
IB: R-actin NI (B: R-actin  W——TTT— IB: R-actin " — £ <
b Genotype
Gene Clone sgRNA sequence yp
(frameshifts)
Acsi1 #4 GGACTCCTACGGCAGTGATC -25/-19/-11/-8 bp
Acsl3 #4 GAGTCCGGTTTGGAACTGAC -1/+1 bp
Acsl5 #10 GTGGCCGTTCCAAACGTCAGG -20/-11 /-2bp
Lpcat3 #7 GAAACCACCCCTCGCTTCAA -8/-4/-1 bp
Ppary #12 GATAAATAAGCTTCAATCGGA -16/-8 bp
C w DMSO ” Menagdlone - tBOOH . FCCP
T{s 60 ;; 60 g 60 3 60
R R E 30 3w
0+ T T T n 0+ T T T T N o+ T T T T v 0 T T L 9
0.001 0.01 0.1 1 10 -8 -7 -6 -5 -4 -3 -9 -8 -7 -6 -5 -4 -7 -6 -5 -4 -3 2
cDMSO [%] Concentration log[M] Concentration log[M] Concentration log[M]
. Rotenone . Nocodazole ” Sulphoraphane Etoposide
125
- 9 ~ 90 - % - 100
% 60 % 60- g 60 g
2 2 z Z 50
8 30 8 30 8 30 8
25
o+ T T T T J 0+ T T T T v 0+ T T T T 1 0+ T T T T J
9 -8 7 6 5 4 -10 9 8 7 % 5 -8 7 6 5 4 -3 108 107 10 105 104 103
Concentration log[M] Concentration log[M] Concentration log[M] Concentration [M]
. PAO Tunicamycin " Staurosporine " Irinotecan
125
§
Y = 100 = % =
z z s z z
% 60 g % 60 g 60
z Z 50 z z
8 30 8 g 30 8 30
25
0+ T T T T 1 0+ T T T T 1 0+ T T T T 1 0+ T T T T 1
-10 -9 -8 -7 6 -5 -10 -9 -8 -7 -6 5 -10 -9 -8 -7 6 -5 -8 -7 -6 -5 -4 -3
Concentration log[M] Concentration log[M] Concentration log[M] Concentration log[M]
- Mitoxanrone - Paclitaxel o Rapamycin
= 90 = 90 % 90
% 60 % 60 E 60
. \~4\|\‘ N .
0+ T T T T 1 0+ T T T T 1 0+ T T T r J
-10 -9 -8 -7 -6 -5 -10 -9 -8 -7 6 -5 -8 -7 -6 -5 -4 -3
Concentration log[M] Concentration log[M] Concentration log[M]

. - Acsl4 +/+
(1S, 3R)-RSL-3 Erastin BSO = Acsl4 -/-

120 120 120
LJ

— 90 [ ] — 90 — 90

S B B

2z = =

5 60 3 60 3 60

I} ] [}

s s s

B 3 3

8 3 S 39 © 30
0+ T — - T 1 0+ T v —— 0+ T T T T J
-10 9 -8 7 6 5 -8 7 -6 5 -4 7 6 5 -4 3 2

Concentration log[M] Concentration log[M] Concentration log[M]



Supplementary Figure 2 |Specificity of Acsl4 in sensitizing to ferroptosis. (a) Pfal_Acsl1,
Pfal Acsl3, Pfal Acsl5 KO cells are not resistant to RSL3-induced ferroptosis and
overexpression of Acsll and Acsl3 does not re-sensitize Acsl4 KO cells to ferroptosis. Cell
viability was assessed by AquaBluer assay 24 h after RSL3 treatment. (b) List of all single cell
clone genotypes used for cell viability studies. Well-characterized out-of-frame mutations for
each cell clone (analysed using tide.nki.nl) are listed as well as the gRNAs used for
CRISPR/Cas9-mediated KO of the indicated genes. (c) Acsl4 KO cells do not show multi-drug
resistance properties while being highly resistant to ferroptosis inducing agents, such as
RSL3, erastin and BSO. Cell viability was assessed 48 h after treatment using AquaBluer. Data

shown represents the mean + s.d. of n = 3 wells of a 96-well plate performed once.
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Supplementary Figure 3 | Arachidonic acid (AA) and adrenic acid (AdA) preferentially
sensitize Acsl4 -/- Pfal cells to undergo ferroptosis. (a) w6 fatty acids preferentially
sensitize cells to ferroptosis. Pfal_Acsl4_KO cells were incubated overnight with a mixture of
fatty acids/BSA at the indicated concentrations. Upon wash out, ferroptosis was triggered
with 100 nM RSL3 and cell viability was assessed after 4h. Data shown represents the mean
t s.d. from n = 3 wells of a 96-well plate from a representative experiment performed three
times. An increase in red intensity indicates a sensitization to ferroptosis through the applied
fatty acid. (b) Quantitative assessment of free AA (20:4) (left panel) and AdA (22:4) (right
panel) in control wt and Acsl4 -/- cells. Data are mean + SD. n = 4. (c-e) Quantitative
assessment of phosphatidylinositol (Pl) (c), phosphatidylcholine (PC) (d), and
phosphatidylserine (PS) (e) molecular species containing AA (20:4) (left panels) and AdA

(22:4) (right panels) in control wt and Acsl4 -/- cells. Data are mean = SD. n = 4.
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Supplementary Figure 4 | Sensitivity of different basal and luminal breast cancer cells to
ferroptosis induction. (a) Sensitivity of breast cancer cells to ferroptosis induction.
Treatment using increasing concentrations of RSL3 in the presence or absence of Erastin (1
uM) was performed for 48 h and cell viability was assessed using AquaBluer. (b) Evaluation
of critical ferroptosis parameter were evaluated measuring of total GSH levels, system X¢
activity (Thiol release) and Gpx4 specific-activity. (c) Ferroptosis was induced by Gpx4
deletion in Pfal cells stably expressing xCT or empty plasmid (mock). Increasing
concentrations of ERA were added 24h after KO induction and viability was assessed using
AquaBluer 24 h after ERA treatment. (d) MDA157 WT (blue) and KO for ACSL4 (2000 cells,
red) were treated each with lethal compounds at increasing concentrations for 48 h, and cell
viability was assessed using AquaBluer. (e) Forced expression of ACSL4-FLAG in AU565 and
T47D cells re-sensitized these cells to RSL3-induced ferroptosis. Cell death was inhibited by
the lipophilic antioxidant Liproxstatin-1 (Lip1) as well as the iron chelator ciclopirox olamine
but not by the RIP kinase inhibitor Necrostatin-1s (Nec-1s) or the caspase inhibitor
ZVAD.fmk. Data shown represents the mean * s.d. of n = 3 (b,c,e) or 4 (d) wells of a 96-well

plate from an experiment performed two (b,d) or three times (c,e).
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Supplementary Figure 5 | Assessment of antioxidant activity of thiazolidinediones and
potential involvement of Ppary in ferroptosis. (a) Analysis of radical trapping/antioxidant
potential of thiazolidinediones (troglitazone (TRO), rosiglitazone (ROSI), pioglitazone (P10))
and Triacsin C compared to a-tocopherol. Antioxidant activity was assessed using the DPPH
assay. Absorption was measured at 517nm. (b) ROSI and Liproxstatin-1 present an additive
effect in preventing ferroptosis. Pfal were treated with sub-rescuing concentrations of ROSI
in the presence of increasing concentrations of Liproxstatin-1 upon Gpx4 deletion and cell
death was assessed using AquaBluer 72 h thereafter. (c) Cells treated with the PPARy
agonists GW1929 and Azelaoyl PAF for 3 days did not increase resistance to ferroptosis
induced by RSL3. Cell viability was assessed 24 h after treatment using AquaBluer. (d) ROSI
prevents RSL3 (100 nM)-induced ferroptosis in a Ppary-independent manner. (e) ROSI
prevents lipid oxidation independently of Ppary by specifically inhibiting Acsl4 as assessed by
BODIPY 581/591 C11 oxidation using flow cytometry analysis. Data shown represents the
mean * s.d. of n=3 wells of a 96-well plate of an experiment performed independently once

(a,c) or three times (b,d).
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Supplementary Figure 6 | Complete blots used for construction of the respective figures as

indicated.



