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	Interaction energies (FoldX AnalyseComplex)
	C477 sulfinamide modified DLD

	Evaluated parameters
	InterChain.A_B
	InterChain.AB_E

	Group1
	A
	AB

	Group2
	B
	E

	IntraclashesGroup1
	29,5098
	68,4145

	IntraclashesGroup2
	35,01
	2,75887

	Interaction Energy
	-90,6496
	-9,56701

	Backbone Hbond
	-20,4257
	-1,89012

	Sidechain Hbond
	-40,3367
	-6,84229

	Van der Waals
	-73,7061
	-7,67289

	Electrostatics
	-8,97109
	-2,11459

	Solvation Polar
	93,908
	14,3893

	Solvation Hydrophobic
	-100,265
	-9,20662

	Van der Waals clashes
	2,42316
	0,206173

	entropy sidechain
	42,492
	4,53423

	entropy mainchain
	15,6268
	1,0743

	torsional clash
	1,47145
	0,221082

	backbone clash
	14,7392
	1,99328

	helix dipole
	-1,81962
	-1,55306

	electrostatic kon
	-1,76226
	-0,712563

	energy Ionisation
	0,715411
	7,77E-16

	Entropy Complex
	2,384
	2,384

	Number of Residues
	994
	994

	Interface Residues
	195
	29




Supplementary Table 1 Energy calculations about the investigated 3D models. “PDB.Chain” indicates the chain of the PDB used within the indicated analyses on the cited models obtained as described in the Methods section. Chain A and B indicate DLD_E3 chain within C477 sulfinamide modified protein. Chain E indicates the E2b subunint within the C477 sulfinamide modified protein. Bold numbers indicate interdomain interaction energies of energetically relaxed protein complexes






	INTERFACEANALYZER APP
	C477.sulfinamide.A_B
	C477.sulfinamide.AB_E

	complex_normalized
	0,961
	1,021

	dG_separated
	-160,118
	-14,098

	dG_separated/dSASAx100
	-2,014
	-1,231

	dSASA_hphobic
	4426,353
	603,668

	dSASA_int
	7946,799
	1144,808

	dSASA_polar
	3520,446
	541,139

	delta_unsatHbonds
	33
	4

	dslf_fa13
	1,139
	1,139

	fa_atr
	-6078,736
	-6078,736

	fa_dun
	2756,953
	2756,953

	fa_elec
	-1580,162
	-1580,162

	fa_intra_rep
	12,371
	12,371

	fa_intra_sol_xover4
	217,395
	217,395

	fa_rep
	1906,902
	1906,902

	fa_sol
	3821,457
	3821,457

	hbond_E_fraction
	0,25
	0,199

	hbond_bb_sc
	-150,074
	-150,074

	hbond_lr_bb
	-238,149
	-238,149

	hbond_sc
	-77,651
	-77,651

	hbond_sr_bb
	-287,354
	-287,354

	hbonds_int
	44
	4

	lk_ball_wtd
	-57,06
	-57,06

	nres_all
	940
	991

	nres_int
	274
	51

	omega
	167,863
	167,863

	p_aa_pp
	-167,543
	-167,453

	packstat
	0,603
	0,603

	per_residue_energy_int
	0,526
	0,903

	pro_close
	723,77
	723,77

	rama_prepro
	170,234
	170,234

	ref
	453,216
	453,216

	sc_value
	0,668
	0,504

	side1_normalized
	0,393
	-0,176

	side1_score
	53,836
	-5,117

	side2_normalized
	0,658
	2,327

	side2_score
	90,154
	51,187



Supplementary Table 2 The PDB.Chains used in the analyses with Rosetta were the same indicated in Table 1. A list of the energy terms taken from https ://www.rosettacommons.org/docs/latest/application_documentation/analysis/interface-analyzer follows. Energy term abbreviation meanings: dslf_fa13 indicates disulfide geometry potential; fa_atr indicates Lennard-Jones attractive between atoms in different residues; fa_dun indicates the internal energy of sidechain rotamers; fa_elec indicates coulombic electrostatic potential with a distance-dependent dielectric; fa_intra_rep indicates Lennard-Jones repulsive between atoms in the same residue; fa_rep indicates Lennard-Jones repulsive between atoms in different residues; fa_sol indicates Lazaridis-Karplus solvation energy; hbond_bb_sc indicates sidechain-backbone hydrogen bond energy; hbond_lr_bb indicates backbone–backbone hbonds distant in primary sequence; hbond_sc indicates sidechain–sidechain hydrogen bond energy; hbond_sr_bb indicates backbone–backbone hbonds close in primary sequence; pro_close indicates Proline ring closure energy and energy of psi angle of preceding residue; rama indicates Ramachandran preferences; ref indicates reference energy for each amino acid; complex_normalized indicates the average energy of a residue in the entire complex; dG_separated, reported in bold characters, indicates the change in Rosetta energy when the interface forming chains are separated (binding energy), versus when they are complexed. dSASA_int, indicates the solvent accessible area buried at the interface, in square Angstroms. dG_separated/dSASAx100, separated binding energy per unit interface area × 100 to make units fit in score file. Scaling by dSASA controls for large interfaces having more energy; delta_unsatHbonds indicates the number of buried, unsatisfied hydrogen bonds at the interface; hbond_E_fraction indicates the amount of interface energy (dG_separated) accounted for by cross interface H-bonds; hbonds_int indicates the total cross-interface hydrogen bonds found; nres_all indicates the total number of residues in the entire complex; nres_int indicates the number of residues at the interface; per_residue_energy_int; indicates the average energy of each residue at the interface; side1_score indicates the energy of one side of the interface; side2_score indicates the energy of the other side of the interface; side1_normalized indicates the average per-residue energy on one side of the interface; side2_normalized indicates the average per-residue energy on the other side of the interface. Rosetta energy terms are expressed in Rosetta Energy Units (REU) according to https ://www.rosettacom mons.org/docs/latest/rosetta_basic s/Units -in-Rosetta
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Supplementary Figure 1: a Experimental design for proteomics of E2 in BMDMs-derived lysates with a focus on lipoate containing peptides. b stacked bar graph representing quantification of portion of the lypoyl-modified PDH-E2 peptide containing of K131; c-f differences in levels of lypoyl modifications in E2 K131 and K258, both predicted to bind lipoate cofactor. g-h undetected interrogated products and possible structures of E2 K131-lipoylated peptide in mitochondrial lysates from WT BMDMs after stimulation O.N. with LPS+ IFN or DETA/NO. All error bars display mean ± SEM.
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Supplementary Figure 2: a-b PDH-E3 (DLD) in-gel activity assay and IBs on native gels of mitochondrial fractions from BMDMs from WT and NOS2-/-mice left untreated or stimulated LPS+ IFN for 8h or O.N. (n=9). Correspondent SDS IBs are shown. Treatments with lipoate were performed in cell cultures 2h before harvest. c-d E3bp-IB on native gels of mitochondrial fractions from BMDMs after stimulation O.N. with LPS+ IFN or DETA/NO, or with AS or DEA/NO for 4h. Lysates pre-native PAGE were incubated with 100mM DTT for 1h at 37C (n=8). All error bars display mean ± SEM
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Supplementary Figure 3: a Experimental design for test tube reactions for detection of GSH-sulfinamide at LC-ESI/MS-MS. b Test tube reaction were carried out in the presence of GSH and AS or mixtures of either oxidized or reduced-lipoate with DEA/NO for 1h at 37C. GSNO was quantified by ESI-LC/MS-MS. c recombinant human DLD (rhDLD) was added to test tube reactions in absence of reduced lipoate and GSH-sulfinamide was quantified. d WT BMDMs were incubated with fluorescence probe for HNO or vehicle ctrl for 30 min and stimulated with LPS+ IFN for 4 h. After PBS washing, fluorescence was measured in total cell lysates (fluorescence or RIPA buffer alone is indicated). All error bars display mean ± SEM
[image: ]

Supplementary Figure 4: a-b Pathway enrichment analysis (GO biological process and GO molecular function) on proteins from 4b. c Network plot of enriched terms, colored by cluster ID. d Venn diagram indicating number of stimulation-induced reduction-resistant proteins in WT BMDMs (from 4b) that are NOS2 dependent; e Total GO enrichment of proteins from S4d (n=80); f-g Enrichment in GO molecular function and “metabolic process” subgroup within GO biological process of proteins from S4d (n=80);  h normalized abundance of CAM- Cys477 containing peptide of DLD from broad TMT proteomics screen (4a) on mitochondrial lysates from WT and Nos2−/− BMDMs stimulated with LPS+IFN. Data were analyzed with Mann-Whitney test (p=0.0286). All error bars display mean ± SEM. 
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Supplementary Figure 5: a-b Dehydrogenase activity of rhDLD in the presence of AS or DEA/NO) and NaNO2 (NaNitrite) at increasing concentrations. c fragmentation pattern of Cys-containing synthetic peptide treated with AS consistent with presence of sulfinic acid modification;  d Schematic illustration of mechanism of generation of sulfinamide and further oxidation statuses in condition of GSH depletion or high ROS. e Experimental design for proteomics studies on rhDLD incubated in vitro with AS or DEA/NO. LFQ and TMT proteomics analysis of modifications of rhDLD at Cys80 (f), Cys306 (g) and Cys312 (h) in the presence of AS, DEA/NO or NaNO2. i TMT proteomics detection of Cys sulfinamide modifications of rhDLD at Cys477 in the presence of AS or DEA/NO; j TMT proteomics analysis (showed percentage relative to AS) of modifications of rhDLD at Cys484 in the presence of AS and NaNO2 (n=9). Data were analyzed by two-way ANOVA (interaction <0.0001) (Sidak’s post-tests); k LFQ Proteomic quantification of Cys-sulfinic acid modifications of rhDLD at Cys477 in the presence of AS or DEA/NO and equimolar GSH. All error bars display mean ± SEM. 
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Supplementary Figure 6:  a Experimental design for optimization of targeted proteomics studies on Cys484 -containing peptides of DLD utilizing chemically synthesized and 13C labeled housekeeping and bearing-modifications peptides; b-c absolute quantification (% indicated) of portions of rhDLD modified at Cys484 after incubation with AS or DEA/NO) at increasing concentrations; d TMT Proteomics assay on mitochondrial lysates from WT cells stimulated with LPS+ IFN and treated with BSO for 4h after ON stimulation, indicating normalized abundance of CAM- Cys69 containing peptide; e Experimental design for total cells proteomics with a focus on free cysteines detection; f Quantification of IAM-PEG2-enriched (free) Cys 69-containing peptide of DLD in conditions from 5h-j; g Top view of dihydrolipoamide dehydrogenase (DLD_E3 dimer) in complex with the subunit binding of human dihydrolipoamide transacylase (E2b). DLD_E3 dimer is reported in grey (chain A) and blue (chain B) cartoon representation, whereas E2b is reported in pink cartoon representation. FAD and NAD+ are reported in orange and yellow sticks representation, respectively. Cysteine residues 484 and 388 are reported in sticks representation. C477sulfinamide (sC477) in both chains is reported in sticks representation. The distance between the reported cysteine residues is labelled and indicated by black dashed lines. The distance between C484 and FAD is also indicated by black dashed lines and labelled. The distance between sC477 (aC) in chain A and K141 (aC) in DLD-E2b subunit is indicated by a red dashed line and labelled. h-i LFQ and TMT proteomic quantification of Cys-388 CAM at Cys80-85-CAM containing peptides of rhDLD in the presence of AS or DEA/NO and equimolar GSH (n=9). Data were analyzed by two-way ANOVA (interaction =0.0451 for h,=0.0019 for i ) (Sidak’s post-tests). All error bars display mean ± SEM.
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Supplementary Figure 7: a-b Studies of mitochondrial function on isolated liver mitochondria using electron flow assays performed as described in Methods. Bar graphs show quantified CI (OGDH-derived) respiration when glutamate alone or glutamate+malate were used as fuels (n=9). Data were analyzed by one-way ANOVA with Dunnet’s multiple comparisons test. c scatter plots show quantified succinate respiration as in 7d in mitochondrial livers from WT and Nos2−/− mice injected with LPS. d Bar graphs show quantified pyruvate respiration as in 7n, in primary hepatocytes stimulated with combination of cytokines ad different timepoints (n=6). Data were analyzed by one-way ANOVA with Dunnet’s multiple comparisons test.; e quantification of DLD in-gel diaphorase activity assay from 7o on mitochondrial extracts from primary hepatocytes; GSH- sulfinic acid (f) and GSNO (g) were quantified by ESI-LC/MS-MS from primary hepatocytes cultures. h-i primary hepatocytes where treated AS or DEA/NO for total of 8h in the presence and absence of BSO for 4h at either 0.5 and 1mM: total cellular GSH and GSNO were quantified by ESI-LC/MS-MS. j comparison of total modified GSH in conditions as in S7h-i in AS vs Dea/NO (% vs AS is shown) (n=6). Data were analyzed by unpaired t test (p=0.0256). All error bars display mean ± SEM. 
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Supplementary Figure 8: Proposed model of mechanism of generation of intramolecular HNO within PDH protein in activated macrophages.
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Supplementary Figure 9: a Schematic illustration of cellular metabolic enzymes sharing the same E3 (DLD) subunit of PDH. b BMDMs mitochondrial lysates were treated with AS or DEA/NO for 30min at 37C and OGDH activity was assayed (n = 6). c WT BMDMs were stimulated O.N. with LPS+ IFN or pretreated with AG for 1 h or treated with AS or DEA/NO for 4h,and OGDH activity was assessed in mitochondrial lysates (n = 6). Data were analyzed by one-way ANOVA with Tukey’s (b) and Dunnet’s (c) multiple comparisons test. d Heat-maps of the log10 ratio from the average peak areas from metabolomics analysis of metabolites associated with OGDH, BCKD and GCS metabolism from BMDMs from WT and Nos2−/− mice activated with LPS+ IFN O.N. (n=5).All error bars display mean ± SEM. 
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