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I. Supplementary Figures
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Figure S1. Violin plots for a) the volume distributions and b) Z-score distributions of
the binding site in the three trajectories of apo GPX4. Three 500 ns simulations were
run for the apo protein. The predicted binding site is persistent with an average
volume of 250 A% comparable to that in the crystal structure. The motion correlations
between the active site and the predicted allosteric site also remain higher than the

cut-off for allosteric site prediction (Z-score > 0.5).
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Figure S2. Eicosanoid biosynthesis pathways related to GPX4 in the AA metabolic
network. In PMN cells, AA is metabolized into pro-inflammatory leukotrienes through
the pathway involving 5-LOX and leukotriene A4 Hydrolase (LTA;H). Meanwhile, AA is
turned into 5-HpETE, 12-HpETE, and 15-HpETE by 5-LOX, 12-lipoxygenase (12-LOX),
and 15-lipoxygenase (15-LOX), respectively. Subsequently, GPX4 catalyzes the
reduction of HpETEs to generate the corresponding HETEs. Therefore when GPx4 is
up-regulated, it is envisioned an increase in 12-HETE and 15-HETE at the downstream
of the 12-LOX and 15-LOX pathway, respectively. On the other hand, in the 5-LOX
pathway, GPx4 and LTA4;H compete for the same substrate, 5-HpETE. Hence the ratio
between the concentration of 5-HETE and leukotriene B4 (LTB4) will increase if GPx4

is activated. Pink, 5-LOX pathway; pale blue, 12-LOX pathway; blue, 15-LOX pathway.
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Figure S3. Dose-dependent GPX4 activation in PMN cells. a) The concentration of
5-HETE. b) The concentration of LTB4. ¢) The percent changes of 12-HETE and
15-HETE concentration. Data shown represent the mean + SEM (n = 4). The statistical

significance was determined using a two-tailed t-test, ***p < 0.001.
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Figure S4. Dose-response curves of 1s1, 1s2, and 1s3 in cell-free assays. a) 1s1. b) 1s2.

c) 1s3. Data shown represent the mean + SEM (n = 6).
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Figure S5. Dose-response curves of 1d3, 1d4, 1d10, and 1d11 in cell-free assays. a)

1d3. b) 1d4. c) 1d10. d) 1d11. Data shown represent the mean + SEM (n = 6).
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Figure S6. a) SPR dose-response curve of 1d4. b) Data in Figure S6a at equilibrium
were fitted with the Hill model (Kp = 19 £ 1 uM). The color of the dots are consistent

with the color of the response curves in Figure S6a.
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Figure S7. a) SPR dose-response curve of 1d4 with the D21A/D23A mutant. b) Data in
Figure S7a at equilibrium were fitted with the Hill model (Kp = 374 £ 8 uM). The color

of the dots are consistent with the color of the response curves in Figure S7a.
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Figure S8. Cell-free antioxidant potential monitored by changes in the absorbance at
517 nm of the stable radical DPPH. The final concentration of each test compound

was 500 uM. Data shown represent the mean £ s.d. (n = 3).
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Figure S9. Iron chelating ability monitored by the absorbance at 680 nm of the
Prussian blue. The iron chelators deferoxamine (DFO), ciclopirox olamine (CPX), and
EDTA were used as the positive control. Data shown represent the mean £ s.d. (n =

3).
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Figure S10. Zinc chelating ability. The zinc chelators EDTA and thiourea were used as

the positive control. Data shown represent the mean £ s.d. (n = 3).
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Figure S11. Correlation analysis between experimental pECso and calculated pKp. For

the 251 compounds tested in the cell-free assay, the ECso values of eight of them

were determined (Table 1). The calculated r-square is 0.22.
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Figure S12. Prevention of erastin-induced ferroptosis by GPX4 activator 1 in HT-1080
cells. Compound 1 prevented cell death with a lethal concentration of erastin (Era, 10
uUM). Cell viability was determined by trypan blue exclusion test. Data shown
represent the mean £ SEM (n = 5). The statistical significance was determined using a

two-tailed t-test, ***p < 0.001.
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Il. Supplementary Table

Table S1. The SPECS ID of the four GPX4 activators.

Compound Name SPECS ID
1 PKUMDL-LC-101 AJ-292/41694774
1sl PKUMDL-LC-101-S01 AJ-292/41694767
1s2 PKUMDL-LC-101-S02 AJ-292/41694613
1s3 PKUMDL-LC-101-S03 AJ-292/41694742
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Table S2. The experimental pECsp and calculated pKp of the eight GPX4 activators.

Compound Experimental pECsg Calculated pKp

1 3.61 4.10

1s1 3.59 4.35

1s2 3.55 3.58

1s3 3.83 4.16
1d3 4.54 4.34
1d4 4.70 491
1d10 3.92 4.39
1d11 3.52 4.02
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lll. Spectra of Compounds

'H-NMR and **C-NMR of PKUMDL-LC-101 (1)
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LC-MS spectra of PKUMDL-LC-101 (1)

SPECS and BioSPECS B.V., The Netherlands Page 180
File:9900141694774 ID:AJ-292/41694774 Description:C14H14CIN302S2
Vial:2:48 Date:20-Jul-2002 Time:14:00:14
Printed: Tue Jul 23 13:20:54 2002
Sample Report (continued):
DAD: TIC 1.1le+008
_ (2) _
100 355
3.36
5|
(1)
0.44
01— i T T — e e T T T T Time
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Peak Number Time Area %Total
0.44 12.78
2 3.36 87.22
Peak ID Time Mass Found BPM
1 044 257
Combine (20:25-9:12) 1:MS ES+
100 257.1 3.9e+003
254.2
%-220.1
302.1
319.2
380.4 465.2
0 h‘m;‘\\.“ Hlll HJM ||| hkl F} \‘mm‘\ . 4 . ‘444“1 ; , ‘572‘ -4 . . . . . . 75‘4 . 5‘ m/z
200 250 300 350 400 450 500 550 600 650 700 750
PeakID Time Mass Found BPM
2 336 355.02 356
Combine (179:184-169:172) 1:MS ES+
100 356.2 1.8e+004
5% 358.2
354.2 359.3 461.4 515.8 675.8 711.5 736.1 795.9
233.3 285.1 : 397.3 : : 640.3° 7" L : :
0t T T T T t t T Y T T T T t T T T T T T T 1 m/z
200 250 300 350 400 450 500 550 600 650 700 750 0

S17



LC-MS spectra of PKUMDL-LC-101-S01 (1s1)

SPECS and BioSPECS B.V., The Netherlands
File:9900141694767

Page 132
ID:AJ-292/41694767 Description:C14H15N30282
Vial:1:132 Date:09-Aug-2002 Time:06:56:06
Printed: Tue Aug 13 13:47:57 2002
Sample Report (continued):
DAD: TIC 1.5e+008
- (2)
100 321
2.96
5|
(3)
321
(1) 5.68
0.46 /\
01— T T —— T e T T T — Time
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Peak Number Time Area %Total
1 0.46 527
2 2.96 88.27
3 568 6.46
PeakID Time Mass Found BPM
1 0.46 264
Combine (21:26-8:11) 1:MS ES+
100 264.2 2.4e+003
215.1 254.2
565-2 302.3 319.3
h ‘ ‘ (335-2 359.5  395.3 439.5%%0-3 493 4
il dy | H‘M‘Mu‘n R A ‘\u‘ e i I . — m/z
200 225 250 275 300 325 350 375 400 425 450 475 500
PeakID Time Mass Found BPM
2 2.96 321.06 322
Combine (157:163-111:114) 1:MS ES+
100 322.3 6.3e+004
%
323.3
643.6 665.4
0l 240.6255.3296.2 | 325.3 427.5 502.8 577.8 L 277" 1737.7.754.5 oz
T T T T T T T T T T T T T T T T T T T T T T T T
200 250 300 350 400 450 500 550 600 650 700 750 800
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'H-NMR of PKUMDL-LC-101-S02 (1s2)

SPECS and BioSPECS B.V. Date: Mon Aug 5, 2002

41694613
STANDARD 1H OBSERVE

SPECS and BioSPECS

Pulse Sequence: s2pul

Solvent: dmso

File: 4169461301
Mercury-400BB "nmrdelft”

PULSE SEQUENCE
Relax. delay 5.000 sec
Pulse 60.0 degrees
Acq. time 1.999 sec
Width 6398.0 Hz
16 repetitions
OBSERVE H1, 399.9896647 MHz
DATA PROCESSING |
Line broadening 0.1 Hz
FT size 65536 | |
Total time 2 min, 2 sec |

|

I
‘ T ‘ \ \ \ T
11 0. . 9 _ 7 6 5 . 4 3 2 1 ppm.
2 5 2 g F 8 8 H
o o s s 4 4 s K

Varian NMR Spectrometer Mercury 400 MHz
SPECS and BioSPECS B.V., Fleminglaan 16, 2289 CP, Rijswijk, The Netherlands, Tel:+31703190019, Fax:+31703190011, Internet:www.spacs.net
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LC-MS spectra of PKUMDL-LC-101-S02 (1s2)

SPECS and BioSPECS B.V., The Netherlands Page 29
File:9900141694613 ID:AJ-292/41694613 Description:C12H19N50282
Vial:1:29 Date:17-Jul-2002 Time:19:24:44

Printed: Fri Jul 19 08:51:59 2002

Sample Report (continued):

DAD: TIC 2.0e+008
100+ -
329
0.43
5|
04— T i T T — T T T T T T Time
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Peak Number Time Area %Total
0.43 100.00

PeakID Time Mass Found BPM

1 043 32010 330

Combine (19:25-6:9) 1:Ms ES+
5.9e+005

100 330.3 e

%

3 3 4084
409.4
ol > t236.2 2963 | 333.4 | 486.5°°7-3 644.5659.6 737.7 171-6
T T T T T T T T T T T T T T T T T T T T T T

T T rm/z
200 250 300 350 400 450 500 550 600 650 700 750 800
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'H-NMR of PKUMDL-LC-101-503 (1s3)

SPECS and BioSPECS B.V.

41694742
STANDARD 1H OBSERVE

SPECS and BioSPECS

Pulse Sequence: s2pul

Solvent: dmso
Ambient temperature
sample #48

File: 4169474201
Mercury-400BB “nmrdelft"

PULSE SEQUENCE
Relax. delay 5.000 sec
Puls

Width 6398.0 Hz
16 repetitions

OBSERVE ~ H1, 399.9896647 MHz
DATA PROCESSING

Line broadening 0.1 Hz |
FT size 65536

Total time 2 min, 2 sec

cocn MocHz
/

PHNCIZ + 120

oms0

11

AL
SPECS and BioSPECS B.V., Fleminglaan 16, 2289 CP,

ian NMR Spectromes

aria r Mercury
Rijswijk, The Netherlands, Tel:+31703190019, Fax:+31703190011,
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'H-NMR and **C-NMR of PKUMDL-LC-101-D04 (1d4)
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HRMS of PKUMDL-LC-101-D04 (1d4)
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PEKING UNIVERSITY
Analysis Information

Folder: Company/training/Z)
Analysis Method ftem name: Small molecule
Modified by: Zhou, Jiang

Peking University HRMS Analysis Report

Component name: 13-37-2 Channel name: Low energy : Time 0.1282 +/- 0.0073

Sample Set Created date:

Sample Set Instrument system
name:

Sample Set Instrument system
type:

Component name: 13-37-2

Jul 20, 2016 20:15:49 China Standard Time
ICLASSVion

ACQUITY Sample Manager FTN, ACQUITY Binary
Solvent Manager, Osprey,

Channel name: High energy : Time 0.1282 +/-

minutes 0.0073 minutes
34312624 343.12607
2e6]
4e7-
1.5¢6
T 3e7- 2
s s
=3 2
< 2
> >
] G 1e6] 24101029
& 274 1
£ s 21909542
55
1¢7
524418
34512304 197.96827 34512331 ke
/
687.24310
357.14170 52421130
15103272 23803667 |/ 39723538 ggs.24340 | l ATRA \ 59623222 ' 7831060
100 200 300 400 500 600 700 800 100 200 300 400 500 60 700 800
Observed mass [m/z] Observed mass [m/z]
Item name: 13-37-2, Sample position: 2:D,3, Replicate number. 1
Observed m/z _|[Formula Neutral mass (Da) |Charge [Response  |Mass error (ppm)
1 343.1262 | C14H22N40252 34211842 1 7272997 16
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