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Figure 2. Substrate di usion by PELE for studying epoxidation (left) and (w-1) subterminal hydroxylation (right) by UPOs: Density plots of
interaction energies vs distances between the oxo atom in simulated C-I of AaeUPO (blue), CciUPO (orange), MroUPO (purple), and its in silico
mutated 1153F/S156F variant (green); and (i) the olefinic C;, of oleic acid (C18:1), Cy5 of linoleic acid (C18:2), and C,4 of o-linolenic acid
(C18:3) (left); or (ii) the C,; atom of the three fatty acids (right). The threshold of catalytically relevant (<3.5 A) oxo-C distances is indicated by
red lines, and selected snapshots from colored-background plots are shown in Figure 3 (see Figures S11—S22 for complete results).

conformation at the active site, the estimated distances from
the C-I oxo, and the nearest H atom at the C;,/C;3/Cyg
positions to be epoxidized. Although the oxo-C distances could
be more meaningful from a mechanistic point of view (see
Figure 1), the oxo-H distances (providing an almost identical
analysis) are shown in Figure 3 for easier comparison with the
hydroxylation reactions, mentioned below, and in agreement
with previous studies.** We should remark that these are not
equilibrium simulations and that the density of points only
reflects the di culty in moving through (or reaching) the
active site. The residence time at catalytic conformations is
expected to be large enough for the reaction to take place
based on the low binding energy values at the “catalytic point”.

When the above epoxidation positions are not attained,
reactive (w-1)-hydroxylation positions are generally observed
in the density plots (Figure 2, right), and distances from the C-
| oxo and the nearest H atom at the Cy; position are shown in
Figure 3 (the hydroxylation panels are identified by a reddish
background). The above preference is in agreement with the
experimentally confirmed higher reactivity of olefinic positions
(to be epoxidized) than of subterminal methylenes (to be
hydroxylated) when located at equivalent distances of the C-I
oxo due to the weaker C—C m-bond than C—H bond. It is

necessary to mention that C,4 can also approach the C-1 oxo
(Figures S11—-S22, bottom), but no reactivity (or a lower one)
is expected since the fatty-acid substrate radical (Figure 1) is
less stable at the terminal than at the subterminal position (the
latter with greater hyperconjugation and/or resonance e ects).

As shown in Figure 2 (left), in AaeUPO (blue plots), only
the C,5 atom of o-linolenic acid A15 (panel C) attains relevant
epoxidation distance (<3.5 A oxo-C), while the C,, (A9) and
Cy3 (A12) atoms of o-linolenic, oleic, and linoleic acids always
remain too far to be epoxidized. However, the C,; atom of the
two latter acids (Figure 2, right) is close enough for
hydroxylation reaction (panels A" and B’, respectively). Similar
results were obtained in the CciUPO simulations although with
slightly higher oxo-C distances (Figure 2, orange plots). The
above results are illustrated in Figure 3 by representative
substrate poses at the AaeUPO and CciUPO heme pockets.
Those predict the epoxidation (greenish background) of a-
linolenic acid and the subterminal (C;;) hydroxylation
(reddish background) of oleic and linoleic acids yielding
(w-1) hydroxy and keto derivatives, in agreement with the
experimental results (Table 1). Subterminal hydroxylation was
also predicted for reactions of the A11 isomer of oleic acid (cis-
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Figure 3. Selected snapshots from PELE plots (Figure 2) showing distances (in A) from C-1 oxo (upper red sphere) to olefinic (greenish
background) or subterminal (reddish background) hydrogens of oleic (C18:1), linoleic (C18:2), and a-linolenic (C18:3) acids di used on
AaeUPO, CciUPO, MroUPO, and its 1153F/S156F variant (the lighter reddish background in (D), (E), and (K) reflects longer distances to fatty-
acid subterminal hydrogens). Catalytic distances to olefinic hydrogens in (G) (H-Cy), (H) (H-Cy3), and (C), (F), (1), and (L) (H-Cyg) result in
double-bond epoxidation (Table 1). Catalytic distances to methylenic hydrogens (H-Cy;) in (A), (B), and (J) result in subterminal hydroxylation
(Table 1). Fatty acids, heme —and Ile153, Ser156, Phel53 and Phel56 residues in (G)-(L)— are shown as sticks (see Figures S11—-S22 for
additional selected snapshots).

vaccenic acid) with the above two UPOs (Figures S23 and distances at the MroUPO active site (purple plots in Figure 2,

S24), which could be experimentally confirmed (Table S1). left). The selected poses in Figure 3 show that the olefinic Cyy
In contrast to AaeUPO and CciUPO, unsaturations in the (A9) and C53 (A12) approach the C-I oxo thanks to the bent
three 18-carbon plant fatty acids attain adequate epoxidation conformation adopted by both oleic (panel G) and linoleic
13588 https://dx.doi.org/10.1021/acscatal.0c03165
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