II. Free energy differences between PM6 and AM1/d
II.A. Estimating enthalpic differences between PM6 and B3LYP/6-311++G*

Here, we carried out calculations to identify how energetic profiles might differ between QM
(DFT) and SQM approaches in the gas phase as well as in implicit solvent environments meant
to approximately model a protein (¢=10) and aqueous solution (e=78.4). We first considered the
reaction energies for both trimethylsulfonium (TMS) cation, a common model for SAM
employed in the literature'~, and the full SAM substrate with catecholate anion in the absence of
Mg®".  Generally, B3LYP reaction energies for either TMS or SAM are consistently more
exothermic than PM6 energetics by around 20 kcal/mol (Supporting Information Table S7). We
also calculated the unconstrained methyl transfer in a protein-like dielectric at the B3LYP and
PM6 levels of theory using nudged elastic band within the B3LYP calculations and repeating
single point energies with PM6. We found the PM6 barrier to be enhanced by around 10
kcal/mol with respect to B3LYP (Supporting Information Figure S12).

Finally, we considered a more realistic comparison directly based on the free energy surfaces
computed from PM6/MM. Here, we extracted representative snapshots along the methyl transfer
coordinate of all residues in the SMgl. SQM region complete with hydrogen capping and carried
out constrained optimizations in a protein-like dielectric (see Computational Details and
Supporting Information). The resulting enthalpic barriers were comparable for both PM6 and
B3LYP although B3LYP reaction energetics remained a few kcal/mol slightly more favorable
for the SMgL model system (Supporting Information Figure S13). Overall, these results support
the interpretation and conclusions of the PM6/MM simulations, although further comparisons to

free energies obtained directly from DFT QM/MM are ongoing in our lab.



Comparison of SQM and QM methods were carried out. These calculations included the
extraction of models of the SQM region from SQM/MM dynamics. In these cases, we used
constrained optimizations with S-C and C-O distances as well as Ca carbon atom positions of
protein residues held fixed to their values from SQM/MM dynamics in order to obtain an
approximate minimum energy path for comparison of DFT and SQM methods. DFT calculations
employed the 6-311++G* localized basis set with the TeraChem® code. The MOPAC
simulation package®’ was used for PM6 geometry optimizations. Benchmarks on methyl
transfer model reactions were used to identify systematic deviations of SQM from QM results
(see Supporting Information). These comparisons were made in the gas phase or with an implicit
solvent model with a dielectric intended to very approximately represent a protein environment
(e=10) or liquid water (¢=78.4). True proteins have variable dielectric constants that may be
lower, but these calculations were intended solely to approximate a point intermediate between
gas phase and aqueous solvent. TeraChem implicit solvent calculations employed the conductor-
like screening model (COSMO)*®, as did the MOPAC PM6 calculations. Good agreement of
B3LYP and PM6 for the largest Mg**-containing SQM regions was observed, which is perhaps
not surprising given that PM3 has been reported to give a good estimates of the hydration free
energy of magnesium cation'.

Semi-empirical methods may fail to correlate well to density functional theory results,
particularly for the estimation of bond breaking events and calculation of transition states. We
computed several reaction energies and transition states to compare PM6 and B3LYP/6-
311++G*. The B3LYP/6-311++G* results were obtained with TeraChem, while the PM6

calculations were carried out with MOPAC. Our sample calculations were run both in the gas



phase and in a COSMO polarizable continuum model with dielectric modeling water (¢=78.4)

and one approximating a protein environment (¢=10.0).

Model methyl donors were S-adenosyl methionine (SAM) or trimethylsulfonium (TMS).
The methyl acceptor was catecholate. End points of the reactions were optimized in the
respective programs. The reaction energetics are consistently more favorable at the B3LYP level
than they are at the PM6 level (Table S5).

We also computed the reaction path for methyl transfer from SAM to catecholate with a
dielectric value of 10. We obtained the converged path with nudged elastic band in TeraChem at
the B3LYP/6-311++G* level of theory and then computed single points at the PM6 level of
theory. Here, the reaction energetics again are underestimated by PM6 with respect to B3LYP.
PM6 also overestimates the B3L'YP-computed barrier by several kcal/mol (Figure S13).

Representative snapshots were extracted at target values of the reaction coordinate (d(S-
C)-d(C-0)) from the umbrella sampling runs with all SMgL residues included in the model
(D141, K144, D169, N170, E199, water, Mg**, SAM, catecholate). All dangling bonds were
passivated with hydrogen using pymol. Constrained optimizations were carried out in which S,
C, O positions of the transferring atoms were held fixed as were the Ca carbons atoms of any
protein residues in the SMgL model (D141, K144, D169, N170, E199). These optimizations
were carried out in MOPAC for the PM6 level of theory and in TeraChem for B3LYP/6-
311++G*. Overall barrier heights are comparable for the two methods at around 22-23 kcal/mol,
while B3LYP still demonstrates more favorable reaction energetics than PM6 by about 7

kcal/mol.
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