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Figure S1: Charge distributions for heme a/a3 derived from analogy.
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Figure S2: Conformational dynamics of residues F282 and E286. The sidechain of F282 is
oriented into the Oy pathway at N-C,-Cg-C, of ~180° and C,, .-C,, . of ~-2 A. The sidechain
of E286 is oriented into the O pathway or in the “up” conformation at C, .-C, . of ~2 A.
These configurations result in the constriction of Os migration across the bottleneck of the

pathway.
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Figure S3: Radial distribution function (RDF) profiles describing contact distance between
oxygen atoms of O, and water molecules. The profiles were calculated form 5-ns MD sim-
ulations in which an O, molecule is solvated in a 30x30x30A3 water box. The oxygen
atoms of the slightly charged O, model carry the partial charges of £0.021. The ones for the
apolar model carry the partial charges of 0. Similar RDF profiles indicate negligible effects
on Oo-water interactions by the introduction of such small polarizations.

54



POPE membrane

1} Flooding ——
ILS ——
g o
©
=
gt
_2 1 1 1 1 1 1 1
-30 -20 -10 0 10 20 30
z-axis (A)
POPC membrane
1k Flooding ——
ILS ——
g o
©
=3
g 4|
-2 L L L L L L L
-30 -20 -10 0 10 20 30
z-axis (A)

Figure S4: Partitioning free energy profiles of Os in membrane (shaded orange) and in
the aqueous solution (shaded cyan). The profiles of the flooding simulations were obtained
from 200-ns simulations in which 125 Oy molecules are explicitly incorporated. The slightly
charged model of O, was used in the flooding simulations. Since no electrostatic terms are
included in ILS, the oxygen atoms in the calculations carry the partial charges of 0. These
calculated profiles are in close agreement with those reported in other studies, such as by
Ghysels et al' who used the apolar model, as well as by Hub and de Groot? who introduced
a quadrupole to the simulated Oy molecules.
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Table S1: Solvation free energy of Oy from the models used in the present study
05 model Charges on the oxygen atoms | AGgy (kecal/mol)

Slightly charged -0.021/+0.021 2.06-£0.05
Apolar 0/0 2.0340.05

We note that these calculated AGs,; values are also in agreement with the values of 2.05 kcal/mol) reported
by Victor et al®, who used the apolar model.
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