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This file includes:

Supplemental Figure S1: Biochemical analyses of APAP-treated HepaRG cells.

Supplemental Figure S2: Molecular dynamics simulations of the effects of glutathionylation on
VDACI.

Supplemental Table S1: Compound-dependent MS parameters for CPT1 assay analytes.

Supplemental Table S2: Glutathionylation profile of proteins involved in energy metabolism

as a function of time.

Supplemental Table S3: Glutathionylation profile of proteins involved in protein turnover as
a function of time.

Supplemental Table S4: Glutathionylation profile of proteins involved in defense against
cellular stress as a function of time.

Supplemental Table S5: Glutathionylation profile of proteins involved in calcium dynamics
and the mitochondrial permeability transition pore formation as a
function of time.

Supplemental Table S6: Summarized reports of APAP-induced metabolic perturbations
from literature and in-house data.

Supplemental Table S7: List of proteins known to be covalently adducted by APAP. Proteins
that are also glutathionylated in our dataset are listed in bold.

Supplemental Video 1: Simulation of open and closed VDAC1 conformations.

Supplemental Video 2 Simulation of enhanced VDAC1 permeability to small molecules

and ions following glutathionylation.

Raw peptide data: 0.5 mM APAP 3h_1, 0.5 mM APAP_3h 2, 0.5 mM APAP 3h 3,
0.5 mM APAP+DEDC_3h 1, 0.5 mM APAP+DEDC 3h_2, 0.5
mM APAP+DEDC 3h 3, 30 mM APAP 3h 1, 30 mM
APAP_3h 2, 30 mM APAP_3h 3, 30 mM APAP 6h_1, 30 mM
APAP_6h_2, 30 mM APAP_6h_3, 30 mM APAP_12h_1, 30 mM
APAP_12h 2,30 mM APAP_12h_3, 30 mM APAP_24h_1,30 mM
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Processed peptide data:

Supplemental References

APAP_24h_2, 30 mM APAP_24h_3, Veh ctrl_1, Veh ctrl_2, Veh
ctrl_3, Masterlist of peptide IDs (final).

0.5 mM APAP 3h divided by veh ctrl HL ratio, 0.5 mM
APAP+DEDC 3h divided by veh ctrl_HL ratio, 30 mM APAP 3h
divided by veh ctrl_HL ratio, 30 mM APAP 6h divided by veh
ctrl_HL ratio, 30 mM APAP 12h divided by veh ctrl_HL ratio, 30
mM APAP 24h divided by veh ctrl_HL ratio, Veh ctrl averaged.
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SUPPLEMENTAL FIG. S1. Biochemical analyses of APAP-treated HepaRG cells. Time-course of
(A) cell viability and GSH levels and (B) superoxide and non-specific oxidant formation in HepaRG
cells exposed to 30 mM APAP over 24 h. * p < 0.05 compared to the control. Error bars indicate

standard deviations.
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SUPPLEMENTAL FIG. S2. Molecular dynamics simulations of the effects of glutathionylation on
VDACLI. (A) Pairwise RMSD distribution for the whole protein and the N-terminal segment of both
native and glutathionylated VDACL. (B) Secondary structure evolution of the N-terminal segment of
the native and glutathionylated VDACL. (C) The electrostatic potential map of native (left) and
glutathionylated (right) VDACL. Red region denotes negative electrostatic potential while blue

region denotes positive potential.
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SUPPLEMENTAL TABLE S1. Compound-dependent MS parameters for CPT1 assay analytes.

MRM Collision Declustering  Entrance COIIEI)'(Silcon
Analyte Transition Energy Potential Potential Potential
(m/z) (V) V) (V) V)
Palmitoyl 400 — 85 45 125 12 8
carnitine
Ketoconazole 531 — 489 44 120 9 11
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SUPPLEMENTAL TABLE S2. Glutathionylation profile of proteins involved in energy metabolism as a function of time. Values in red

represent the average H:L fold-change of peptides normalized to the control that exceed a 1.5-fold threshold across at least 2 replicates.

. . Gene . H:L fold-change across time (h)
Pathway Accession  Description Symbol Peptide 3 5 o 24
P30153 Serine/threonine-protein phosphatase 2A 65 2AAA EFCENLSADCR 1.35 - 1.14 2.49
kDa regulatory subunit A alpha isoform LNIISNLDCVNEVIGIR 1.08 1.71 1.24 0.86
Q14738 Serine/threonine-protein phosphatase 2A 56 2A5D CVSSPHFQVAER 1.70 - 1.12 -
kDa regulatory subunit delta isoform
P04075 Fructose-bisphosphate aldolase A ALDOA  ALANSLACQGK 1.96 0.79 0.94 1.08
Glycolysis P60174 Triosephosphate isomerase TPIS IAVAAQNCYK 1.76 1.62 0.98 0.84
P00558 Phosphoglycerate kinase 1 PGK1 ACANPAAGSVILLENLR 1.26 0.89 1.01 36.18
P06733 Alpha-enolase ENOA QIGSVTESLQACK 9.70 7.15 5.49 0.07
P14618 Pyruvate kinase PKM KPYM AAMADTFLEHMCR 0.90 1.60 1.17 0.50
GIFPVLCK 0.99 1.74 1.07 0.59
NTGIICTIGPASR 1.65 0.85 0.96 1.08
Import of 043772 Mitochondrial carnitine/acylcarnitine carrier MCAT CLLQIQASSGESK 8.76 0.93 1.13 0.99
palmitoyl-CoA protein
into the P50416 Carnitine O-palmitoyltransferase 1, liver CPT1A FCLTYEASMTR 6.17 - 0.04 0.04
mitochondrial isoform
matrix
P28330 Long-chain specific acyl-CoA dehydrogenase, ACADL AFVDNCLQLHEAK 1.35 1.89 1.41 -
mitochondrial
P49748 Very long-chain specific acyl-CoA ACADV  CLTEPSSGSDAASIR 3.15 3.44 2.47 1.27
Mitochondrial dehydrogenase, mitochondrial GLQVPSELGGVGLCNTQYAR 2.33 1.21 1.43 1.18
fatty acid f- P55084 Trifunctional enzyme subunit beta, ECHB FNNWGGSLSLGHPFGATGCR 3.07 - 2.97 -
oxidation mitochondrial
P30084 Enoyl-CoA hydratase, mitochondrial ECHM ALNALCDGLIDELNQALK 1.63 0.93 1.06 0.71
Q16698 2,4-Dienoyl-CoA reductase, mitochondrial DECR VHAIQCDVRDPDMVQNTVSELI 2.12 2.14 2.11 1.16
K
P05165 Propionyl-CoA carboxylase alpha chain, PCCA MADEAVCVGPAPTSK 2.72 1.39 1.60 0.98
mitochondrial
P05166 Propionyl-CoA carboxylase beta chain, PCCB AFENDVDALCNLR 5.56 5.62 - -
mitochondrial CADFGMAADK 1.74 0.99 0.87 1.42
Q96PE7 Methylmalonyl-CoA epimerase, mitochondrial MCEE DCGGVLVELEQA 85.5 - 1.00 -
Pyruvate P09622 Dihydrolipoyl dehydrogenase, mitochondrial DLDH ILGPGAGEMVNEAALALEYGAS 3.26 2.92 2.64 -
metabolism CEDIAR
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. . Gene . H:L fold-change across time (h)
Pathway Accession  Description Symbol Peptide 3 5 o 24
P08559 Pyruvate dehydrogenase E1 component subunit  ODPA VDGMDILCVR 2.74 1.24 1.60 1.05
alpha, somatic form, mitochondrial
P10515 Dihydrolipoyllysine-residue acetyltransferase ODP2 ASALACLK 2.73 2.58 1.13 0.51
component of pyruvate dehydrogenase complex,
mitochondrial
075390 Citrate synthase, mitochondrial CISY LPCVAAK 5.94 1.28 1.46 1.79
Q99798 Aconitate hydratase, mitochondrial ACON CTTDHISAAGPWLK 1.63 1.45 1.38 0.85
P51553 Isocitrate dehydrogenase [NAD] subunit IDH3G HACVPVDFEEVHVSSNADEEDIR  1.11 1.59 0.94 1.03
gamma, mitochondrial LGDGLFLQCCR 1.94 - - -
P48735 Isocitrate dehydrogenase [NADP], IDHP DLAGCIHGLSNVK 1.34 1.87 1.46 1.24
mitochondrial
P50213 Isocitrate dehydrogenase [NAD] subunit alpha,  IDH3A CSDFTEEICR 1.93 0.03 0.99 2.04
mitochondrial
Q02218 2-Oxoglutarate dehydrogenase, mitochondrial OoDo1 DVVVDLVCYR 1.90 3.06 1.18 1.27
CSTPGNFFHVLR 3.62 - - -
Citric acid cycle  P09622 Dihydrolipoyl dehydrogenase, mitochondrial DLDH ILGPGAGEMVNEAALALEYGAS 3.26 2.92 2.64 -
CEDIAR
P53597 Succinyl-CoA ligase [ADP/GDP-forming] SUCA IHICQGFTGK 1.30 1.00 1.19 2.47
subunit alpha, mitochondrial LIGPNCPGVINPGECK 1.63 - 1.09 0.29
P31040 Succinate dehydrogenase [ubiquinone] SDHA GLSEAGFNTACVTK 1.86 - 1.73 1.15
flavoprotein subunit, mitochondrial GVIALCIEDGSIHR 1.23 1.78 1.00 0.37
P21912 Succinate dehydrogenase [ubiquinone] iron- SDHB CGPMVLDALIK 2.24 3.92 1.85 0.82
sulfur subunit, mitochondrial
Q99643 Succinate dehydrogenase cytochrome b560 C560 SLCLGPALIHTAK 1.21 2.46 1.68 1.06
subunit, mitochondrial
P40926 Malate dehydrogenase, mitochondrial MDHM GCDVVVIPAGVPR 2.49 1.33 1.14 1.30
P28331 NADH-ubiquinone oxidoreductase 75 kDa NDUS1  DCFIIYQGHHGDVGAPIADVILPG  1.85 1.14 - 1.26
subunit, mitochondrial AAYTEK
095299 NADH dehydrogenase [ubiquinone] 1 alpha NDUAA CEVLQYSAR 2.32 - 1.29 -
. subcomplex subunit 10, mitochondrial
ggz‘;’:g‘;‘f"ry P49821 NADH dehydrogenase [ubiquinone] NDUV1 GAGAYICGEETALIESIEGK 199 194 873 -
transport, ATP flavo_proteln 1, mltochondrlal_ _
L P31040 Succinate dehydrogenase [ubiquinone] SDHA GLSEAGFNTACVTK 1.86 - 1.73 1.15
synthesis flavoprotein subunit, mitochondrial
protein subunit, mitochondria
GVIALCIEDGSIHR 1.23 1.78 1.00 0.37
P21912 Succinate dehydrogenase [ubiquinone] iron- SDHB CGPMVLDALIK 2.24 3.92 1.85 0.82

sulfur subunit, mitochondrial
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. . Gene . H:L fold-change across time (h)
Pathway Accession  Description Symbol Peptide 3 5 o 24
Q99643 Succinate dehydrogenase cytochrome b560 C560 SLCLGPALIHTAK 1.21 2.46 1.68 1.06
subunit, mitochondrial
P31930 Cytochrome b-c1 complex subunit 1, QCR1 NALVSHLDGTTPVCEDIGR 1.38 1.00 1.22 2.12
mitochondrial SICYAETGLLGAHFVCDR 521 - 1.44 0.93
P22695 Cytochrome b-c1 complex subunit 2, QCR2 ENMAYTVECLR 2.53 2.34 2.00 2.55
mitochondrial NALANPLYCPDYR 2.98 1.25 1.20 5.83
P08574 Cytochrome c1, heme protein, mitochondrial CY1 HLVGVCYTEDEAK 1.16 1.88 0.78 0.43
P24539 ATP synthase F(0) complex subunit B1, AT5F1 CIADLK 1.88 1.47 1.39 -
mitochondrial
P13804 Electron transfer flavoprotein subunit alpha, ETFA LGGEVSCLVAGTK 0.94 1.03 1.45 2.98
mitochondrial TIYAGNALCTVK 3.90 1.20 2.59 1.32
pP38117 Electron transfer flavoprotein subunit beta ETFB HSMNPFCEIAVEEAVR 1.26 1.34 1.39 2.09
Q16134 Electron transfer flavoprotein-ubiquinone ETFD QNVAVNELCGR 1.25 8.49 1.23 -
oxidoreductase, mitochondrial
FCPAGVYEFVPVEQGDGFR 105 131 117 137
P42704 Leucine-rich PPR motif-containing protein, LPPRC LEDVALQILLACPVSK 1.05 1.89 1.63 1.38
mitochondrial LIASYCNVGDIEGASK 161 110 133 1.8
P00505 Aspartate aminotransferase, mitochondrial AATM TCGFDFTGAVEDISK 2.88 1.02 0.95 0.48
VGAFTMVCK 2.20 1.17 0.66 0.70
ACANPAAGSVILLENLR 1.26 0.89 1.01 36.18
Q16822 Phosphoenolpyruvate carboxykinase [GTP], PCKGM  YVAAAFPSACGK 0.99 1.17 1.83 3.21
mitochondrial
Gluconeogenesis ~ P40925 Malate dehydrogenase, cytoplasmic MDHC MGVLDGVLMELQDCALPLLK 7.25 - 6.29 -
GCDVVVIPAGVPR 2.49 1.33 1.14 1.30
P04075 Fructose-bisphosphate aldolase A ALDOA  ALANSLACQGK 1.96 0.79 0.94 1.08
P06733 Alpha-enolase ENOA QIGSVTESLQACK 9.70 7.15 5.49 0.07
P00558 Phosphoglycerate kinase 1 PGK1 ACANPAAGSVILLENLR 1.26 0.89 1.01 36.18
P11498 Pyruvate carboxylase, mitochondrial PYC GLYAAFDCTATMK 4.96 3.14 3.48 4.84
P53007 Tricarboxylate transport protein, mitochondrial ~ TXTP GIGDCVR 1.48 1.59 1.14 0.80
P40926 Malate dehydrogenase, mitochondrial MDHM GCDVVVIPAGVPR 2.49 1.33 1.14 1.30
P60174 Triosephosphate isomerase TPIS IAVAAQNCYK 1.76 1.62 0.98 0.84
P11413 Glucose-6-phosphate 1-dehydrogenase G6PD DNIACVILTFK 3.47 1.96 1.27 0.84
DVMQNHLLQMLCL 2.88 1.26 1.01 1.45
Pentose LILDVFCGSQMHF 2.33 1.09 1.34 0.92
phosphate P52209 6-Phosphogluconate dehydrogenase, 6PGD MVHNGIEYGDMQLICEAYHLMK  6.29 - 9.79 -
pathway decarboxylating
SAVENCQDSWR 1.77 2.05 1.50 0.97
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. . Gene . H:L fold-change across time (h)
Pathway Accession  Description Symbol Peptide 3 5 o 24
P29401 Transketolase TKT CSTFAAFFTR 2.24 0.98 1.06 1.31
AllVDGHSVEELCK 1.92 3.77 1.18 0.68
P37837 Transaldolase TALDO ALAGCDFLTISPK 1.76 2.10 1.10 0.66
P49327 Fatty acid synthase FAS AALQEELQLCK 1.09 1.82 1.14 2.34
AAPLDSIHSLAAYYIDCIR 3.06 4.64 2.65 2.78
ACLDTAVENMPSLK 15.8 5.37 0.98 1.21
AINCATSGVVGLVNCLR 4.68 0.09 0.48 0.09
CTVFHGAQVEDAFR 1.72 1.54 1.16 0.96
LSIPTYGLQCTR 2.79 1.30 0.95 1.41
MASCLEVLDLFLNQPH 1.53 3.60 1.15 1.18
SFYGSTLFLCR 1.06 1.52 0.98 131
TGGAYGEDLGADYNLSQVCDG 2.85 2.07 2.40 0.04
K

P33121 Long-chain-fatty-acid--CoA ligase 1 ACSL1 AAEGEGEVCVK 1.17 1.35 1.14 1.94
Ei""ot:;’nat%'s'igo'“ CGVEVTSMK 173 102 122 195
GFEGSFEELCR 2.12 2.16 1.39 131
GIQVSNNGPCLGSR 2.61 1.39 1.33 3.57
LIAIVVPDVETLCSWAQK 2.42 3.07 1.59 1.24
095573 Long-chain-fatty-acid--CoA ligase 3 ACSL3 NTPLCDSFVFR 3.30 1.36 1.21 1.48
060488 Long-chain-fatty-acid--CoA ligase 4 ACSL4 TALLDISCVK 1.12 1.63 1.39 1.39
Q9ULCH Long-chain-fatty-acid--CoA ligase 5 ACSL5 GLAVSDNGPCLGYR 1.14 1.09 1.65 2.39
IVQAVVYSCGAR 1.40 1.43 1.37 2.38
P53396 ATP-citrate synthase ACLY AVQGMLDFDYVCSR 1.02 1.13 1.26 1.86

FICTTSAIQNR 2.11 1.45 1.57 -
P53007 Tricarboxylate transport protein, mitochondrial ~ TXTP GIGDCVR 1.48 1.59 1.14 0.80
Q53GQ0 Very-long-chain 3-oxoacyl-CoA reductase DHB12 MININILSVCK 1.52 2.32 1.80 0.46

N.B. ‘-’ denotes not detected in at least 2 of 3 replicates
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SUPPLEMENTAL TABLE S3. Glutathionylation profile of proteins involved in protein turnover as a function of time. Values in red represent

the average H:L ratio of peptides normalized to the control that exceed a 1.5-fold threshold across at least 2 replicates.

Pathway Accession  Description g;;i)ol Peptide H:3L fold—créange aclrgss tlmezgh)
Q9UDR5 Alpha-aminoadipic semialdehyde synthase, AASS AGGILQEDISEACLILGVK 1.05 1.65 1.13 0.72
mitochondrial QLLCDLVGISPSSEHDVLK 1.08 400 086 134
P35520 Cystathionine beta-synthase CBS CIIVMPEK 1.69 - - -
Q14353 Guanidinoacetate N-methyltransferase GAMT TEVMALVPPADCR 1.29 - 1.21 2.72
P30038 Delta-1-pyrroline-5-carboxylate dehydrogenase, AL4A1l CDDSVGYFVEPCIVESK 3.29 - 1.83 2.55
mitochondrial
P31327 Carbamoyl-phosphate synthase [ammonia], CPSM SAYALGGLGSGICPNR 1.68 0.98 1.17 -
mitochondrial
P23526 Adenosylhomocysteinase SAHH QAQYLGMSCDGPFKPDHYR 5.12 - - -
015382 Branched-chain-amino-acid aminotransferase, BCAT2 EVFGSGTACQVCPVHR 8.21 - - -
Amino acid mitochondrial LCLPSFDK 1363 1.06 127 114
metabolism LELLECIR 12.00 4.60 2.40 0.90
QIUBQ7 Glyoxylate reductase/hydroxypyruvate GRHPR  GVAGAHGLLCLLSDHVDK 1.28 2.27 1.39 1.13
reductase NCVILPH 1.58 1.08 1.33 1.14
P09622 Dihydrolipoyl dehydrogenase, mitochondrial DLDH ILGPGAGEMVNEAALALEYGAS 3.26 2.92 2.64 -
CEDIAR
P19623 Spermidine synthase SPEE QFCQSLFPVVAY 1.81 - - -
P00505 Aspartate aminotransferase, mitochondrial AATM TCGFDFTGAVEDISK 2.88 1.02 0.95 0.48
VGAFTMVCK 2.20 1.17 0.66 0.70
P21953 2-oxoisovalerate dehydrogenase subunit beta, ODBB GLLLSCIEDK 1.92 2.23 1.25 -
mitochondrial
P34896 Serine hydroxymethyltransferase, cytosolic GLYC YYGGAEVVDEIELLCQR 2.09 1.39 1.71 1.40
Q02218 2-oxoglutarate dehydrogenase, mitochondrial ODO1 DVVVDLVCYR 1.90 3.06 1.18 1.27
CSTPGNFFHVLR 3.62 - - -
P04424 Argininosuccinate lyase ARLY CAGLLMTLK 3.12 - 1.47 -
MAEDLILYCTK 4.71 3.25 1.50 2.96
P49189 4-trimethylaminobutyraldehyde dehydrogenase ~ AL9A1 SPLIIFSDCDMNNAVK 1.58 1.15 1.12 1.20
P48506 Glutamate--cysteine ligase catalytic subunit GSH1 GYVSDIDCR 104 44.4 46.1 1.00
P31937 3-hydroxyisobutyrate dehydrogenase, 3HIDH HGYPLIIYDVFPDACK 2.02 1.05 1.06 0.90

mitochondrial
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Pathway Accession  Description g;;i)ol Peptide H:3L fold—créange aclrgss tlmezgh)
P25398 40S ribosomal protein S12 RS12 LVEALCAEHQINLIK 1.37 2.89 1.27 1.00
QAHLCVLASNCDEPMYVK 3.41 - 1.30 14
P23396 40S ribosomal protein S3 RS3 ACYGVLR 1.90 1.17 1.26 1.09
GCEVVVSGK 181 1.93 1.27 1.24
GLCAIAQAESLR 2.22 1.19 3.21 3.25
Eukaryotic P61247 40S ribosomal protein S3a RS3A LFCVGF 2.31 4.25 1.41 -
fcrgr_lslgtion P62241 40S ribosomal protein S8 RS8 NCIVLIDSTPYR 1.37 2.46 1.07 0.77
LT('Jtr']Zgggn P05388 60S acidic ribosomal protein PO RLAO AGAIAPCEVTVPAQNTGLGPEK 222 093 138 213
termination CFIVGADNVGSK 18 058 084 050
NVASVCLQIGYPTVASVPH 3.03 1.20 1.63 0.94
P62906 60S ribosomal protein L10a RL10A VLCLAVAVGH 4.01 - 1.36 -
VLCLAVAVGHVK 3.23 - 0.59 -
P30050 60S ribosomal protein L12 RL12 CTGGEVGATSALAPK 3.43 1.53 1.32 0.55
P39023 60S ribosomal protein L3 RL3 TVFAEHISDECK 1.39 1.09 1.62 1.28
VACIGAWHPAR 1.94 0.97 2.48 -
YCQVIR 2.26 0.94 - -
P62910 60S ribosomal protein L32 RL32 ELEVLLMCNK 1.70 1.34 1.37 1.32
P36578 60S ribosomal protein L4 RL4 GPCIIYNEDNGIIK 1.37 0.82 1.88 1.01
SGQGAFGNMCR 1.73 - 1.56 1.94
P4GTT7 60S ribosomal protein L5 RL5 AAAYCTGLLLAR 1.64 0.82 1.11 1.48
DIICQIAY 2.33 0.79 1.48 0.85
IEGDMIVCAAYAHELPK 2.61 2.32 1.56 0.88
VGLTNYAAAYCTGLLLAR 2.09 2.02 - -
Q01518 Adenylyl cyclase-associated protein 1 CAP1 CVNTTLQIK 2.07 0.79 1.08 0.35
INSITVDNCK 1.49 1.8 1.07 0.41
P12814 Alpha-actinin-1 ACTN1 CQLEINFNTLQTK 92.6 6.89 11.6 5.18
DGLGFCALIHR 0.99 2.19 0.65 0.03
EGLLLWCQR 0.94 1.76 0.89 1.03
pP23528 Cofilin-1 COF1 HELQANCYEEVKDR 2.15 1.20 1.00 0.92
P68104 Elongation factor 1-alpha 1 EF1Al DGNASGTTLLEALDCILPPTRPTD  1.49 2.33 121 0.77

KPLR
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. . Gene . H:L fold-change across time (h)
Pathway Accession  Description Symbol Peptide 3 5 o 24
SGDAAIVDMVPGKPMCVESFSD 0.92 54.0 3.38 1.35
YPPLGR
P13639 Elongation factor 2 EF2 CLYASVLTAQPR 2.75 1.39 1.1 0.67
STLTDSLVCK 1.09 0.44 0.68 1.80
YVEPIEDVPCGNIVGLVGVDQFL 0.24 0.08 0.72 2.00
VK
P60842 Eukaryotic initiation factor 4A-I IF4A1 VVMALGDYMGASCHACIGGTN 2.81 - - -
VR
P62495 Eukaryotic peptide chain release factor subunit  ERF1 CGTIVTEEGK 2.83 - - -
1
P47813 Eukaryotic translation initiation factor 1A, X- IFLAX LEAMCFDGVK 1.69 - 1.30 0.02
chromosomal
P41091 Eukaryotic translation initiation factor 2 subunit  1F2G YNIEVVCEYIVK 1.92 - 0.90 -
3
P55884 Eukaryotic translation initiation factor 3 subunit  EIF3B NLFNVVDCK 2.79 2.16 2.09 2.25
B
P60228 Eukaryotic translation initiation factor 3 subunit  EIF3E IHQCISIN 1.42 1.10 1.15 2.86
E LFIFETFCR 2.23 - 2.43 -
075822 Eukaryotic translation initiation factor 3 subunit  EIF3J ITNSLTVLCSEK 6.16 2.03 1.33 0.82
J
Q9UBQ5 Eukaryotic translation initiation factor 3 subunit  EIF3K FICHVVGITYQHIDR 2.08 - 1.35 -
K
P02675 Fibrinogen beta chain FIBB ECEEIIR 1.63 2.09 - -
LESDVSAQMEYCR 0.78 3.33 3.75 3.43
TPCTVSCNIPVVSGK 291 5.05 3.56 1.08
P02679 Fibrinogen gamma chain FIBG CHAGHLNGVYYQGGTYSK 0.80 1.60 2.09 2.13
VAQLEAQCQEPCKDTVQIHDITG  3.74 5.77 4.55 0.87
K
P21333 Filamin-A FLNA VHSPSGALEECYVTEIDQDK 2.25 1.42 1.59 0.02
P04075 Fructose-bisphosphate aldolase A ALDOA  ALANSLACQGK 1.96 0.79 0.94 1.08
P62937 Peptidyl-prolyl cis-trans isomerase A PPIA ANAGPNTNGSQFFICTAK 4.72 3.88 3.80 0.06
TNGSQFFICTAK 1.56 0.78 0.84 1.21
P0O7737 Profilin-1 PROF1 CYEMASHLR 1.99 1.60 1.06 -
IDNLMADGTCQDAAIVGYK 3.37 - 4.21 -
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Pathway Accession  Description g;;i)ol Peptide H:3L fold—créange aclrgss tlmezgh)
Q12846 Syntaxin-4 STX4 CNSMQSEYR 1.69 - - -
075083 WD repeat-containing protein 1 WDR1 MTVDESGQLISCSMDDTVR 12.4 2.10 0.27 1.18
Q9BVALl  Tubulin beta-2B chain TBB2B LTTPTYGDLNHLVSATMSGVTT 1.66 - - -
CLR
Q9BQE3 Tubulin alpha-1C chain TBALC  AVCMLSNTTAVAEAWAR 0.91 - 0.73 1.74
LADQCTGLQGFLVFHSF 1.34 - 10.9 1.47
MVDNEAIYDICR 10.9 10.6 10.7 8.46
TTLEHSDCAFMVDNEAIYDICR 1.47 1.77 1.03 -
P68363 Tubulin alpha-1B chain TBA1B AYHEQLSVAEITNACFEPANQM 1.36 1.25 1.97 1.14
VK
LADQCTGLQGF 1.58 - 1.26 0.74
TTLEHSDCAFMVDNEAIYDICR 2.03 - 1.22 0.93
YMACCLLYR 1.99 - 1.44 3.17
Protein folding P50991 T-complex protein 1 subunit delta TCPD SIHDALCVIR 1.65 2.21 1.24 0.49
P50990 T-complex protein 1 subunit theta TCPQ IGLSVSEVIEGYEIACR 1.63 1.70 0.89 0.43
P68366 Tubulin alpha-4A chain TBA4A  AYHEQLSVAEITNACFEPANQM 1.36 1.13 1.69 1.14
VK
MVDNEAIYDICR 12.0 106 10.33 8.6
SIQFVDWCPTGF 6.53 - 7.97 -
TTLEHSDCAFMVDNEAIYDICR 1.47 1.77 1.03 -
YMACCLLYR 1.99 - 1.44 3.17
P48643 T-complex protein 1 subunit epsilon TCPE SLHDALCVIR 1.70 2.21 1.24 0.49
P17987 T-complex protein 1 subunit alpha TCPA ALNCVVGSQGMPK 2.11 - 1.34 1.01
GANDFMCDEMER 3.35 1.95 2.66 2.29
IACLDFSLQK 3.11 3.28 1.22 1.05
ICDDELILIK 0.98 151 1.24 0.93
P60709 Actin, cytoplasmic 1 ACTB DDDIAALVVDNGSGMCK 25,71  0.76 2724 139
Q92890 Ubiquitin fusion degradation protein 1 homolog UFD1 CFSVSMLAGPNDR 99.7 - - -
_ P61086 Ubiquitin-conjugating enzyme E2 K UBE2K  ISSVTGAICLDILK 15.1 - - -
Sgg:g‘(;‘aﬂon P49792 E3 SUMO-protein ligase RanBP2 RBP2 IAELLCK 241 117 1.29 -
Q14258 E3 ubiquitin/ISG15 ligase TRIM25 TRI25 NTVLCNVVEQFLQADLAR 274 - 44.7 -
Q72627 E3 ubiquitin-protein ligase HUWE1 HUWE1 VLGPAACR 1.66 1.21 1.26 -
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. . Gene . H:L fold-change across time (h)
Pathway Accession  Description Symbol Peptide 3 6 1 24

Q63HN8 E3 ubiquitin-protein ligase RNF213 RN213 STDFLPVDCPVR 1.70 - - -

P62333 26S protease regulatory subunit 10B PRS10 AVASQLDCNFLK 3.05 1.30 1336 121

Q99460 26S proteasome non-ATPase regulatory subunit PSMD1  QCVENADLPEGEK 1.83 3.58 1.86 0.70
1 PSMD1  MEEADALIESLCR 1.27 1.90 0.74 -

000232 igs proteasome non-ATPase regulatory subunit PSD12 AIYDTPCIQAESEK 233 1.14 218 1.80

QIUNM6 igs proteasome non-ATPase regulatory subunit  PSD13 FLGCVDIK 130 1.80 115 081
Q16401 26S proteasome non-ATPase regulatory subunit PSMD5 FFGNLAVMDSPQQICER 108 - - -
5 PSMD5  TTLCVSILER 176 ] ) ]

Q15008 26S proteasome non-ATPase regulatory subunit PSMD6  VYQGLYCVAIR 179 061 1.03 0.02

6

N.B. ‘-’ denotes not detected in at least 2 of 3 replicates
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SUPPLEMENTAL TABLE S4. Glutathionylation profile of proteins involved in defense against cellular stress as a function of time. Values
in red represent the average H:L ratio of peptides normalized to the control that exceed a 1.5-fold threshold across at least 2 replicates.

Pathway Accession  Description (SBene Peptide H:L fold-change across time (h)
ymbol 3 6 12 24
P04040 Catalase CATA LCENIAGHLK 3.04 1.05 1.19 0.34
P30048 Thioredoxin-dependent peroxide reductase, PRDX3  ANEFHDVNCEVVAVSVDSHFSH 5.49 - 4.02 -
mitochondrial LAWINTPR
Detoxification of P00441 Superoxide dismutase [Cu-Zn] SODC HVGDLGNVTADKDGVADVSIED  1.22 1.63 1.81 -
reactive oxygen SVISLSGDHCIIGR
species P04179 Superoxide dismutase [Mn], mitochondrial SODM GHLQIAACPNQDPLQGTTGLIPL 83.76 - - -
LGID
Q96HE7 ERO1-like protein alpha ERO1A  YSEEANNLIEECEQAER 0.97 0.94 1.94 1.34
Q06830 Peroxiredoxin-1 PRDX1 LNCQVIGASVDSHFCH 0.98 - 3.43 -
P21397 Amine oxidase [flavin-containing] A AOFA ICELYAK 2.23 2.13 1.33 0.58
P27338 Amine oxidase [flavin-containing] B AOFB CIVYYK 3.03 - 1.21 -
LCELYAK 2.12 2.13 1.33 0.58
P07327 Alcohol dehydrogenase 1A ADH1A  NPESNYCLK 300 150 - -
P00325 Alcohol dehydrogenase 1B ADH1B  MVAVGICR 5.66 2.55 1.81 1.14
NPESNYCLK 335 131 115 1.00
If?uhnasgc:nalization P00326 Alcohol dehydrogenase 1C ADH1G  NPESNYCLK 333 - - -
P05181 Cytochrome P450 2E1 CP2E1 DLTDCLLVEMEK 2.70 51.58 3.90 -
P10632 Cytochrome P450 2C8 CP2C8 DFIDCFLIK 3.01 0.96 1.27 131
P00352 Retinal dehydrogenase 1 AL1A1 AYLNDLAGCIK 2.19 1.00 1.00 1.16
FPVFNPATEEELCQVEEGDKEDV 236 164 68.7 -
DK
LECGGGPWGNK 4.95 2.69 1.33 -
LNDLAGCIK 2.70 1.43 1.11 0.88
YCAGWADK 2.73 1.29 0.91 1.10
Q9NR19 Acetyl-coenzyme A synthetase, cytoplasmic ACSA GATTNICYNVLDR 1.83 7298 122 2.27
Q16850 Lanosterol 14-alpha demethylase CP51A CIGENFAYVQIK 1.07 1.07 1.48 241
Q9HBI6 Phylloguinone omega-hydroxylase CYP4F11 CP4FB LQCFPQPPK 1.32 1.27 1.10 2.76
Phase 11 P10620 Microsomal glutathione S-transferase 1 MGST1  VFANPEDCVAFGK 4.95 2.94 297 1216

conjugation
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Pathway Accession  Description Gene Peptide H:L fold-change across time (h)
Symbol 3 6 12 24
P40261 Nicotinamide N-methyltransferase NNMT IFCLDGVK 2.45 3.18 1.35 0.89
P48506 Glutamate--cysteine ligase catalytic subunit GSH1 GYVSDIDCR 104 44.4 46.1 1.00
P36269 Gamma-glutamyltransferase 5 GGT5 FLNVVQAVSQEGACVYAVSDLR 2.78 39.8 - -
HQAPCGPQAF 1.17 0.69 2.38 -
P48637 Glutathione synthetase GSHB IEPEPFENCLLR 4.70 - - -
P23526 Adenosylhomocysteinase SAHH QAQYLGMSCDGPFKPDHYR 5.12 - - -
P51580 Thiopurine S-methyltransferase TPMT SWGIDCLFEK 2.74 - - -
060701 UDP-glucose 6-dehydrogenase UGDH DPYEACDGAH 0.88 1.10 1.59 1.00
DVLNLVYLCEALNLPEVAR 4.65 4.50 1.45 1.07
060656 UDP-glucuronosyltransferase 1-9 uD19 NHIMHLEEHLLCHR 6.40 - 1.09 0.59
Q06520 Bile salt sulfotransferase ST2A1 ICQFLGK 1.00 0.92 1.24 2.13
P35520 Cystathionine beta-synthase CBS CIIVMPEK 1.69 - - -
P23526 Adenosylhomocysteinase SAHH QAQYLGMSCDGPFKPDHYR 5.12 4.33 - -
GSH and sulfur  p4gs06 Glutamate--cysteine ligase catalytic subunit GSH1 GYVSDIDCR 104 444 461  1.00
?nrzggoa}fs'gq P48637 Glutathione synthetase GSHB  IEPEPFENCLLR 4.70 - - -
P19623 Spermidine synthase SPEE QFCQSLFPVVAY 1.81 - - -
P52788 Spermine synthase SPSY LYCPVEFSK 2.55 - - -
095816 BAG family molecular chaperone regulator 2 BAG2 FQSIVIGCALEDQK 2.37 - 0.85 0.84
Q8N163 Cell cycle and apoptosis regulator protein 2 CCAR2 GEASEDLCEMALDPELLLLR 2.64 - 4.49 -
TVDSPICDFLELQR 1.97 - 1.47 1.61
Q15185 Prostaglandin E synthase 3 TEBP LTFSCLGGSDNFK 1.73 1.92 2.69 3.31
P68104 Elongation factor 1-alpha 1 EF1Al DGNASGTTLLEALDCILPPTRPTD  1.49 2.33 1.21 0.77
Cellular KPLR
response to heat SGDAAIVDMVPGKPMCVESFSD 0.92 54.0 3.38 1.35
stress YPPLGR
P49792 E3 SUMO-protein ligase RanBP2 RBP2 IAELLCK 2.41 1.17 1.29 -
Q8N1F7 Nuclear pore complex protein Nup93 NUP93 CGDLLAASQVVNR 1.61 1.26 1.15 1.41
P34932 Heat shock 70 kDa protein 4 HSP74 FLEMCNDLLAR 0.98 2.71 1.01 -
095757 Heat shock 70 kDa protein 4L HS74L AQFEQLCASLLAR 3.14 3.04 1.23 -
P08107 Heat shock 70 kDa protein 1A/1B HSP71 CQEVISWLDANTLAEKDEFEHK 5.07 - - -
P11142 Heat shock cognate 71 kDa protein HSP7C CNEIINWLDK 1.15 3.82 1.00 1.78
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Gene H:L fold-change across time (h)

Pathway Accession  Description Peptide

Symbol 3 6 12 24

P07900 Heat shock protein HSP 90-alpha HS90A CLELFTELAEDK 0.91 1.63 0.33 -

FENLCK 3.66 - - -

P08238 Heat shock protein HSP 90-beta HS90B AKFENLCK 1.58 - - -

FENLCK 3.60 - - -
VFIMDSCDELIPEYLNFIR 67.5 34.3 79.2 50.3

P55072 Transitional endoplasmic reticulum ATPase TERA EAVCIVLSDDTCSDEK 59.4 - 40.2 -

LADDVDLEQVANETHGHVGADL 919 281 64.0 37.6
AALCSEAALQAIR

N.B. ‘-’ denotes not detected in at least 2 of 3 replicates
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SUPPLEMENTAL TABLE S5 Glutathionylation profile of proteins involved in calcium dynamics and the mitochondrial permeability
transition pore formation as a function of time. Values in red represent the average H:L ratio of peptides normalized to the control that exceed
a 1.5-fold threshold across at least 2 replicates.

Gene

H:L fold-change across time (h)

Pathway Accession  Description Symbol Peptide 3 5 P 24

P16615 Sarcoplasmic/endoplasmic reticulum calcium AT2A2 ANACNSVIK - 1.24 - 1.68
Calcium ATPase 2 GTAVAICR 232 130 118 135
dynamics P20020 Plasma membrane calcium-transporting ATPase AT2B1 TICLAFR 5.00 - 1.10 -

1
P21796 Voltage-dependent anion-selective channel VDAC1  YQIDPDACFSAK 1.67 0.99 1.28 0.88
rotein 1

P45880 E/oltage—dependent anion-selective channel VDAC2  SCSGVEFSTSGSSNTDTGK 1.26 0.81 1.32 2.58
Mitochondrial protein 2
permggbility Q9Y277 Voltage-dependent anion-selective channel VDAC3  SCSGVEFSTSGHAYTDTGK 0.87 0.83 1.68 1.84
:g?:ﬁ;‘lzrr‘] pore protein 3 VCNYGLTFTQK 097 096 168 250

P12235/ ADP/ATP translocase 1/2 ADT1/ QYKGIIDCVVR 3.42 2.64 1.18 1.15

P05141 ADT2

P62937 Peptidyl-prolyl cis-trans isomerase A PPIA ANAGPNTNGSQFFICTAK 4.72 3.88 3.80 0.06

N.B. ‘-’ denotes not detected in at least 2 of 3 replicates
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SUPPLEMENTAL TABLE S6. Summarized reports of APAP-induced metabolic perturbations from literature and in-house data.

Pathway Model  Matrix Analytical Metabolites Directionality Ref
system platform
Mouse Plasma NMR Lactate Elevated (12)
Liver Lactate Elevated
Rat Urine NMR Lactate Elevated (13)
Glycolysis, Human Plasma NMR Lactate Elevated (14)
pyruvate Human Serum  NMR Lactate Elevated (15)
metabolism Mouse Plasma NMR Pyruvate Elevated (12)
Rat Plasma NMR Pyruvate Elevated (13)
Rat Urine NMR, LC/MS Pyruvate Decreased (16)
Rat Liver CE/TOFMS Phosphoenolpyruvate Elevated (17)
Mouse  Serum  LC/MS Palmitoyl, oleoyl, myristoylcarnitine Peak at 4 h followed by decline  (18)
Carnitine Peak at 8 h followed by decline
Acetylcarnitine Decreased
Mouse Plasma LC/MS Palmitoyl, oleoyl, myristoyl, palmitoleoyl carnitine Peak at 2 h followed by decline  (19)
Mouse  Serum  LC/MS Palmitoyl, linoleoyl, oleoyl carnitine Elevated from 3-12 h (20)
Mouse  Serum  LC/MS Palmitoyl, oleoyl, myristoyl, palmitoleoyl carnitine Elevated (21)
Mitochondrial Mouse  Serum  LC/MS Palmitoyl, oleoyl carnitine Elevated (22)
fatty acid p- Mouse  Serum  LC/MS Palmitoyl carnitine Elevated (23)
oxidation Human Plasma LC/MS Palmitoyl, linoleoyl, oleoyl carnitine No change from healthy patients  (20)
Human Serum  LC/MS Palmitoyl, oleoyl, myristoyl, palmitoleoyl carnitine Elevated (24)
Rat Serum  GC/MS Fatty acids: Oleic acid, vaccenic acid, linoleic acid, eicosatrienoic  Elevated (25)
acid, arachidonic acid, eicosapentaenoic acid, docosahexaenoic
acid, myristic acid, palmitic acid, palmitoleic acid, margaric acid,
stearic acid, a-linolenic acid, arachidic acid
Rat Plasma NMR Unspecified lipid Decreased (13)
Mouse  Liver NMR Triglycerides, monounsaturated fatty acids Elevated (12)
Polyunsaturated fatty acids Decreased
Plasma Triglycerides Elevated
Mouse  Serum  LC/MS Triglycerides, free fatty acids Elevated (19
Mouse  Serum  LC/MS Triglycerides, free fatty acids Elevated (22)
Rat Urine NMR 2-oxoglutarate, citrate, succinate Decreased (13)
Citric acid Rat Urine NMR, LC/MS  2-oxoglutarate, citrate, succinate Decreased (16)
cycle Rat Liver CE/TOFMS Citrate Elevated an
Malate, succinate Decreased
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Pathway Model  Matrix Analytical Metabolites Directionality Ref
system platform
Rat Urine LC/MS, Isocitrate, aconitate, oxaloacetate Decreased In-
GC/MS house
Human  Urine NMR Citrate Decreased (14)
Mouse  Liver UV/Vis Glycogen Decreased (26)
Blood Glucose Peak at 2 h followed by decline
Glycogen Mouse  Liver NMR Glycogen, glucose Decreased (12)
turnover qusma Glucose Elevated
Rat Urine NMR, LC/MS  Glucose Decreased (16)
Rat Liver Glycogen Decreased
Serum Glucose
Mouse  Liver NMR Alanine, isoleucine, leucine, lysine, valine, phenylalanine, tyrosine  Elevated (12)
Rat Plasma NMR Isoleucine Elevated (13)
. . Pig Serum  NMR Isoleucine, tyrosine, phenylalanine Elevated 27
Amino acid Valine Decreased
Human Plasma NMR 3-hydroxyisovalerate, isoleucine, acetylglycine, Elevated (14)
glutamine, isobutyrate, phenylalanine
Mouse  Liver CE/TOFMS Spermine,  hypotaurine,  S-adenosylmethionine,  glycine, Decreased an
glutamine, spermidine, cysteine, glutamate, taurine
Rat Urine NMR Taurine Elevated (13)
GSH and Rat Urine NMR, LC/MS Trigonelline Decreased (16)
sulfur amino S-adenosylmethionine
acid Taurine
metabolism Rat Urine NMR 5-oxoproline Increased (28)
Mouse  Liver CE/TOFMS Methionine, S-adenosylhomocysteine, ophthalmic acid Elevated a7
Rat Liver LC/MS, Taurine, hypotaurine Decreased (29)
GC/MS Ophthalmic acid, 5-oxoproline, y-glutamyl-2-aminobutyrate Increased
Phospholipid Mouse  Liver NMR All phospholipid species, arachidonic acid Decreased (12)
turnover Choline, phosphocholine Elevated
Rat Plasma LC/MS, Glycine bile acids: Glycocholate, Elevated (29)
GC/MS glycochenodeoxycholate
Bile acids Taurine bile acids: Taurocholate, Decreased
taurochenodeoxycholate
Human Serum  LC/MS Glycodeoxycholic acid Increased (30)
Others Rat Plasma NMR Trimethylamine, creatinine Elevated (13)
Rat Urine NMR Allantoin, hippurate, creatinine, trimethylamine N-oxide Decreased (13)
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Pathway Model  Matrix Analytical Metabolites Directionality Ref
system platform
Rat Urine NMR, LC/MS  Trimethylamine N-oxide, dimethylamine, hippurate, glycine, N,N- Decreased (16)
dimethylglycine, N-isovalerylglycine, betaine, trans-aconitate,
pipecolinate, ferulic acid
Creatine, acetate
Human  Urine NMR Hippurate Decreased (14)
3-chlorotyrosine, glutarate Elevated
Plasma Acetone, acetate, ethanol Elevated
Rat Urine LC/MS, Hippurate, pantothenate, phenylacetylglycine, pipecolinate, Decreased In-
GC/MS ferulic acid sulfate house
Indoxysulfuric acid, pyrocatechol sulfate Elevated
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SUPPLEMENTAL TABLE S7. List of proteins known to be covalently adducted by APAP.

Proteins that are also glutathionylated in our dataset are listed in bold.

Protein Reference
2,4-Dienoyl-CoA reductase (31)
3-Hydroxyanthranilate 3,4-dioxygenase (31)
Aldehyde dehydrogenase (31, 32)
Annexin A2

Argininosuccinate synthetase (33)
Sulfotransferase (aryl sulfotransferase) (31)
ATP synthase (ATP synthetase) a subunit (31)
Calreticulin precursor (34)
Carbomoyl-phosphate synthase (carbamyl phosphate synthetase-1) (32)
Carbonic anhydrase 111 (31)
Formimidoyltransferase cyclodeaminase

Glutamate dehydrogenase (32)
Glutamine synthetase (32)
Glutathione peroxidase (31)
Glutathione S-transferase © (31)
Glyceraldehyde-3-phosphate dehydrogenase (35)
Glycine amidinotransferase, mitochondrial

Glycine N-methyl transferase (31)
Lamin A (32)
Methionine adenosyl transferase (31)
Microsomal glutathione S-transferase (33)
N-10-formyl tetrahydrofolate dehydrogenase (32)
Osteoblast-specific factor 3 (31)
Peroxiredoxin 3, mouse (housekeeping protein) (31)
Peroxiredoxin 6

Protein deglycase DJ-1

Proteasome subunit C8 (31)
Protein disulfide isomerase (thiol:protein disulfide oxidoreductase) (34)
Protein synthesis initiation factor 4A (31)
Pyrophosphatase (31)
Ribophorin | (33)
Selenium-binding protein 1 (acetaminophen-binding protein) (31, 32)
Sorbitol dehydrogenase (31)
Thioether S-methyltransferase (31)
Tropomyosin 5 (31)
Urate oxidase (31)

Voltage-dependent anion channel 2

N.B. Names in parentheses refer to the synonymous protein name reported in the original

publication.
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