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Fig. S1 2D structures of the model OA (FA), PQ, DMBQ, BaP, BPDE, HOP, CPPP, CPT, thioTEPA
and IBPPA.
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Table S1 Summary of the HSA docking results*

Interaction Electrostatic Hydrogen

Ligand energy interaction  bonding LE Binding site

Arg 144* (-30.4), Arg 185, Gly 188, lle
BaP -115.3 0.0 0.0 -5.52 141, Lys 189, Phe 156

Arg 144, Arg 185, Asp 107, Gly 188, lle
BPDE -127.0 0.0 -6.4 -5.77 141, Lys 189* (-20.1), Phe 156

Arg 185, Arg 427, Asp 186, Glu 424* (-
CPPP -116.3 0.0 0.0 -4.31 21.9), lle 522, Lys 189
CPT -45.9 0.0 -8.0 -9.17 Lys 189* (-7.0)

Arg 144, Gly 188, lle 141* (-12.9), Lys
DMBQ -79.1 0.0 -2.5 -7.91 189, Phe 156

Arg 144, Arg 185* (-43.6), Asp 107, Asp

182, Glu 519, Gly 188, lle 141, Lys 189,
FA -230.3 0.0 -14.7 -4.19 Phe 156
HOP -109.7 0.0 0.0 -4.06 Arg 144, Arg 185* (-39.9), Lys 189

Arg 144, Arg 185* (-18.6), Asp 107, Gly

188, lle 141, Leu 184, Lys189, Phe 156, Tyr
IBPPA -99.1 0.0 -5.0 -6.61 160

Arg 185, Gly 188, lle 141, Lys 189, Phe
PQ -119.9 0.0 0.0 -7.49 148, Phe 156* (-17.8)

Arg 144, Arg 185, Gly 188, lle 141* (-
ThioTEPA -79.7 0.0 0.0 -7.25 14.5), Lys 189, Phe 156

* The energy and ligand efficiency (LE=Interaction energy/number of non-hydrogen atoms) values are unitless. For
binding site residues, the energy threshold of -7.0 is considered and the residue with the best (lowest) interaction energy

is indicated by an asterisk and the corresponding total interaction energy value is reported in parenthesis.

Fig. S2 HSA-ligand binding modes (Left: the general view, and right: the close up view with ligand

names).
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Fig. S3 3USO-ligand binding modes (Left: the general view, and right: the close up view with ligand

names).
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Table S2 Summary of the 4AWL docking results*

Interaction Electrostatic Hydrogen

Ligand energy interaction  bonding LE Binding site
BaP -1315 0.0 0.0 -6.72 TGA/ACT
BPDE -154.5 0.0 0.0 -6.57 TGA/ACT
CPPP -112.8 0.0 0.0 -4.18 GTG/CAC
CPT -51.6 0.0 0.0 -10.31 TG/AC
DMBQ -77.9 0.0 0.0 -7.79 TGA/ACT
FA -186.9 0.0 0.0 -340 CGGT/GCCA
HOP -107.9 0.0 0.0 -3.99 TCG/AGC
IBPPA -114.4 0.0 0.0 -7.63 CCA/GGT
PQ -109.5 0.0 0.0 -6.85 CACI/GTG
ThioTEPA  -70.8 0.0 0.0 -6.44 ACITG

* The energy and ligand efficiency (LE=Interaction energy/number of non-hydrogen atoms) values are unitless.

Fig. S4 4AWL-ligand binding modes (Left: the general view, and right: the close up view with
ligand names).
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Table S3  Second-order perturbation energies (E@ stabilization energy; kJ mol™?) associated with
charge transfer from (donor)/to (acceptor) NBOs of the ligand-3US0O complexes in the form of NBO
type(atom/bondunit)ligand or nucleotide *

From To E®@  From To E@
BaP DMBQ
LP*(C)sar  0*(CHaRr)na 9.7 o(CH)omeg o*(CHa)na 12.0
6(CH)ee  o*(CHp)a 352 o(CHa)a  o*(CH)omso 16.9
G(CH)Bap (5*(CHc)nc 12.2 G(CHdR)nT G*(CH)DMBQ 15.4
6(CH)ssr  o*(NCa)na  10.1 IBPPA
G(CHdR)nA LP*(C)Bap 14.5 G(CH)|BPPA G*(CHdR)nT 26.8
LP(OT)nT (5*(CC)Bap 9.0 LP*(C)|BPPA G*(CHdR)nA 10.7
G(CHc)nc (S*(CH)Bap 15.9 G(CH)|BPPA G*(CHdR)nc 10.3
G(CHA)nA (S*(CH)Bap 34.0 G(CH)|BPPA G*(CHdR)nA 20.8
6(CHa)a  o*(CH)sr 157 o(CHw)wc  o*(CH)igppa 166
o(CNa)na  6*(CH)gar 88  o(CHar)na LP(C)igera 131
LP(Na)na  6*(CC)aar 245 o(CHgr)ra  o*(CH)igrra 16.0
BPDE o(CHw)ic  o*(CH)igepa 12,5
G(OH)BPDE G*(CHdR)nA 50.1 PQ
LP(O)BPDE G*(CHdR)nA 147 LP(C)pQ G*(CHdR)nT 10.3
LP(O)BPDE G*(CHdR)nA 85.9 G(CH)pQ G*(CHA)nA 18.5
G(CH)BPDE G*(CHA)nA 11.1 G(CHdR)nT LP(C)pQ 8.7
G(OH)BPDE G*(CHA)nA 57.2 G(CHA)nA G*(CH)pQ 35.0
G(OH)BPDE G*(CNA)nA 11.5 LP(NA)nA LP*(C)pQ 13.3
LP(O)BPDE G*(CHdR)nT 9.5 LP(NA)nA G*(CH)pQ 13.7
LP(O)BPDE G*(CHdR)nT 114
LP(O)BPDE G*(CHA)nA 40.8
LP(O)BPDE G*(CHdR)nT 12.2
G(OCdR)nA G*(OH)BPDE 19.2
G(CHdR)nA G*(OH)BPDE 82.1
LP(Od¢r)na ©*(OH)gppe  58.8
LP(NA)nA G*(CH)BPDE 38.8
G(CHA)nA G*(OH)BPDE 181.1
G(CNA)nA G*(OH)BPDE 19.4
* The energy threshold of 8.2 kJ mol? (= 2 kcal mol?) is considered. For 3USO, the nucleotide (nA, nC, nT and nG) units
include the deoxyribose of the DNA backbone (dR) and the nucleobases (A, T, C or G). No significant charge transfer was
observed between the phosphate backbone (PO4) and the ligands.
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Fig. S5 The mechanism of adduct formation between the A nucleobase and BPDE at the ©wB97X-
D/3-21g level of theory. The Gibbs free energies (and ZPE-corrected energy values) are reported in
kJ mol™ relative to the reactants. The carbon, hydrogen, oxygen, and nitrogen atoms are represented
as grey, white, red, and blue balls, respectively.
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Steps Il & IV: Protonation by H*
e T ﬂ*

‘,
BPDEh - BPDEp: -669.6 (-695.4) DMBQh- ->DMBQp: -675.1 (-702.0) PQh™ -> PQp: -672.6 (-698.3)

e y o by

DMBQph” ->DMBQpp: -694.5 (-720.3) PQph™ > PQpp: -674.3 (-700.8)

A

¢

Fig. S6 The protonated structures of the organic aerosol components from steps Il and IV of the
oxidative stress mechanism, along with the protonation Gibbs free energies (and ZPE-corrected
energy values) in kJ mol™. The carbon, hydrogen, oxygen, and nitrogen atoms are represented as
grey, white, red, and blue balls, respectively.
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Fig. S7 Comparison of the structural parameters of the geometries optimized at the ®B97X-D/def2-
TZVP level of theory (gas-phase) with the available experimental data. The bond lengths and bond
angles are respectively reported in A and °. The values in parenthesis refer to the experimentally
determined crystals of the fully symmetric A form of 9, 10-phenanthrenequinone (PQ),! 2, 5-
dimethyl-1, 4-benzoquinone (DMBQ),% 29-nor-17aH-hopane (HOP),® cis-platin (CPT),* and (S)-(+)-
ibuprofen (IBPPA)°. The carbon, hydrogen, oxygen, nitrogen, chloride and platinum atoms are
represented as grey, white, red, blue, light green and light purple balls, respectively.
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Fig. S8 Structure of the most stable conformer of NADP™ (left) and NADPH (right) optimized at
the ®B97X-D/def2-TZVP level of theory in water solvent. The carbon, hydrogen, oxygen, nitrogen,
and phosphor atoms are represented as grey, white, red, blue, and phosphorous balls, respectively.
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Fig. S9 Comparison of the structural parameters of the NADP* (left) and NADPH (right) models
optimized at the ®B97X-D/def2-TZVP level of theory in solvent with the parameters related to the
complete NADP+ and NADPH geometries optimized at the same level of theory (in italic) and the
experimental data retrieved from XRD crystal structures with the Protein Data Bank (PDB) codes of
500G for NADP™*® and 5W3Q’ for NADPH (in parenthesis). The bond lengths and bond angles are
respectively reported in A and °. The carbon, hydrogen, oxygen and nitrogen atoms are represented
as grey, white, red and blue balls, respectively.
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