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Section S1. Analysis of the viability for the lysine substrate deprotonation process in the mutants

In a previous study,[1] we performed a detailed study of the deprotonation mechanism of the lysine
substrate carried out by MLL3. We found that the deprotonation step has an associated energy
barrier smaller than that corresponding to the methylation step, which is the rate-limiting step of
the process. In this context, two of the main factors were found to be determinant for the
deprotonation: (i) the formation of a chain of molecules connecting the protonated lysine with the
outside of the protein, and (ii) the presence of the SAM cofactor. The relevance of the SAM
cofactor relies on its positive charge that makes the deprotonation process kinetically viable,
probably by raising the energy of the protonated lysine by electrostatic repulsive effects. After the
deprotonation step, the removal of the electrostatic repulsion between SAM and the lysine induces
a reorganization of the catalytic site, excluding water molecules to facilitate the approach of the
methyl group from SAM to the amine group of the lysine compacting the catalytic site. In the
present article, we were able to identify that Y130 is the residue in charge of the main

reorganization of the catalytic site and the main responsible of the water exclusion.

Regarding the effect of mutations on the deprotonation step, we have found that for the inactive
mutants there was always chains of water molecules that could help to deprotonate the lysine,
suggesting that for these cases, the deprotonation could take place without a significant change
with respect to the wild type enzyme. On the other hand, for the cases of active mutants, it is
expected that the exclusion of water molecules from the active site process takes place after the
deprotonation, because the electrostatic repulsion between the positively charge lysine and SAM
keep the catalytic site open to the environment, which suggests that the main variables needed for

the deprotonation process should be still available for the mutants. To test this hypothesis, we



proceeded by running a 10 ns MD of the Y128 A mutant with a protonated di-methylated lysine,
as this system in its deprotonated state was exceedingly efficient in the water occlusion process.
First, as expected, because of the electrostatic repulsion between the lysine and SAM, the catalytic
site is open, allowing the access of several water molecules (see Figure S1). Then, we selected a
proper snapshot according to the hydrogen bond network necessary for the deprotonation of the
substrate and the transfer of the proton to the bulk and we were able to find a TS for this process.
As expected, the energy barrier obtained, was of 11.8 kcal/mol making the process viable for this
system, value that is in line with the energy barriers found for the same process in the native
enzyme;[1] and thereby, confirming our initial assumptions that as long as the system keep the
factors needed for the deprotonation process (presence of SAM and water molecules), the process

will take place with an energy barrier smaller than for the methylation process.
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Figure S1. Reactant (RS), transition state (TS) and product (PS) for the deprotonation process of
the lysine substrate carried out on the Y128A mutant with the lysine in its di-methylated form.
Only a few water molecules are shown for the sake of clarity. While in the RS there is a clear
formation of a hydrogen bond network, the most interesting part comes from the highly concerted
nature of the TS where the proton is taken outside of the enzymatic environment in the form of a
hydronium ion (enzyme’s carbon—orange; substrate and cofactor carbon—gray; red—oxygen;
blue—nitrogen; white—hydrogen).



Section 2. Correlation Analysis between AE” and the distance travelled by the Methyl group during
the transfer.

As previously pointed out for the native enzyme, the activation energy AE” is linearly correlated
to the distance traveled by the methyl group that is transferred. This magnitude d(AC:--N) is
obtained from the difference of the mean distances at the reactants and transition structures
[d(C---N)RS — d(C---N)TS]. Figure S1 shows the plot and correlation factor (R) between AE” and
AC:---N for the mono-methyl transfer of Y44F, Y128F, Y44A, Y128A, Y69F and Y130F. The
value obtained of R for Y44F was of 0.604 and of 0.858 for Y128F. The low correlation factor
obtained for Y44F implies that there are other factors besides the structural work that determine
the energetic barrier. Meanwhile, the removal of one conformer that was outside of the trend
(M(i128)-conf20 according to table S1) from the Y128F set, leads to an increase of the R value to
0.921; thus, showing that Y128F keeps the linear correlation between the structural work needed
for the displacement of the methyl group necessary for the methylation process. Unexpectedly. the
mutants Y44A and Y 128A showed the opposite behavior, where Y44 A shows a linear correlation
between the AE* with a R value of 0.944 if we removed only two conformations that came from
the first 4 ns of simulation that clearly were outside of the trend. On the other hand. Y128A showed
a R value of 0.618 denoting the lack of linear correlation between AE? and AC: - -N; thus, indicating
that in this case other factors are involved in the control of the barrier height. One of the possible
factors affecting the correlation between the AC---N distance and AE” for this Sn2 reaction could
be exposed by the angle between the atoms from the reaction axis attributed to S---C---N, which
should be close to 180° at the TS due to the type of orbital interaction needed for the reaction.

Therefore. to minimize the structural work invested in reaching this target angle. this is expected



to be as close as possible to 180 at the RS. However, the angle values of 136.0° and 123.8° obtained
for Y44F and 128F were in general lower and less favorable than the observed for the native
enzyme (151.0°). This clearly shows a lower and less favorable angle for the Sn2 attack for the
mutants. The main reason for low angles of attack is related to the incorporation of water molecules
to the binding site, which as explained in the main article, is one of the main determinants of the
deactivation of the enzyme and probably for the loss of the proper conformation of the catalytic

machinery.

The plot of the AC---N distances against the AE? for Y69F presented in Figure S1 shows a
correlation factor (R) of 0.850, which denotes that there is a major effect in the positioning of the
methyl group, which is reflected in an almost linear increase of AE”. As expected, there was an
important increase in the mean C---N distance with a mean value of 4.01 A, much higher than the
native system (3.19 A), and consequently leading to the increase of AE?. For Y 130F the correlation
plot showed a R value of 0.454, which on the other hand, indicates that this mutant impairs the
reaction by a different mechanism than the regulation of the distance travelled by the methyl group.
In this sense, apparently an important factor is the proper interaction pattern between the K4 and
Y44/Y 128, where the latter have to act as proton acceptors and thus, induce an adequate orientation
of the K4 substrate and avoid the inactivation of the electron pair from Ng(K4). In this case, as
exposed above, the entering of water molecules causes a complete change in the interaction

configuration of the binding site, leading to the low correlation factor observed.

For the di- and tri-methylation process, the AC---N correlation with the AE” is shown in Figure
S2, where we found that for the Y44F and Y 128F there is a high dispersion of the data without
showing a linear correlation. Meanwhile, for Y44A and Y128 A mutants, there is some degree of

linear correlation with R values of 0.886 and 0.842; respectively. Actually, when for Y128A we



removed one snapshot from the data set that corresponded to a conformation from the beginning
of the simulation, the R value is increased to 0.973 showing a high linear correlation between the
distances travelled by the methyl group and the barrier height. Clearly, for the most active forms
of the enzyme, in which there are no water molecules in the binding site, the correlation factor
increases. According to figure S2e and S2f, the correlation between AE* and AC---N seems to be
low with only a slight correlation between these two parameters and R values of 0.572 and 0.644,

but in this case is probably due to a highly crowded catalytic site.
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Figure S2. Plots of the barrier height (AE?) for the first methyl transfer reaction versus the distance
traveled by the Met group along the reaction coordinate to form mono-methyl lysine. Framed in
black is the correlation factor including the complete series, in red is the correlation factor
removing the data out of the trend which are circled in red.
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Figure S3. Plots of the barrier height (AE?) for the second and third methyl transfer reaction versus
the distance traveled by the Met group along the reaction coordinate to form di- and tri-methyl
lysine. Framed in black is the correlation factor including the complete series, in red is the
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Table S1. Correlation between the numbering used in this article for the MLL3 subunit and the
ones used in the article from which the crystal structure was obtained published by Li et

al.[2]
Crystal structure This article
article
Tyr4800 Tyr44
Tyr4825 Tyr69
Tyr4884 Tyr128
Tyr4886 Tyr130




Table S2. Selected geometric parameters for the conformations at the RS and TS for the Y128F
methyl transfer reaction carried out by the mutated M3RA-Y128F. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+£S AE2°tS C-N(RS)+S C-N(TS)+S S-C(RS)+xS S-C(TS)+S S-C-N(RS)+S S-C-N(TS)=+S
Ma2g)-conf-1 20.1 -15.3 3.20 221 1.81 2.28 175.5 176.9
M2s)-conf-2 17.1 -11.1 3.15 2.16 1.81 2.26 139.6 168.8
Mzs)-conf-3 15.0 -15.9 3.08 2.18 1.82 2.25 148.5 166.5
Maz8)-conf-4 16.7 -16.3 3.10 2.23 1.80 2.24 126.5 165.8
Ma28)-conf-5 23.0 -12.3 3.74 222 1.81 2.30 122.1 171.0
Maz8)-conf-6 229 -8.5 4.01 2.20 1.81 2.28 149.6 165.0
Mzs)-conf-7 23.0 -5.2 3.83 2.19 1.82 2.31 132.6 164.3
Ma2¢)-conf-8 25.7 -4.2 3.73 224 1.81 2.31 128.3 171.0
M128)-conf-9 37.2 -4.4 4.06 2.34 1.81 2.33 119.3 152.3
Mzs)-conf-10 45.7 -11.9 4.75 2.49 1.81 2.40 109.1 158.3
Mzs)-conf-11 40.6 -11.2 4.72 2.44 1.81 2.28 105.2 159.8
M2g)-conf-12 57.5 -3.6 523 2.54 1.82 247 110.2 155.6
Mazs-conf-13 60.0 2.8 524 2.57 1.81 2.51 120.6 158.6
Mzs)-conf-14 41.4 -3.7 4.42 2.40 1.81 2.37 110.3 152.5
Mzg)-conf-15 48.0 0.4 4.93 2.45 1.81 242 120.9 152.1
Mazs-conf-16 43.2 -10.6 4.72 2.52 1.81 2.44 116.4 157.1
Mazs)-conf-17 43.3 1.1 4.38 243 1.80 2.38 110.1 161.9
M2g)-conf-18 37.9 -3.8 4.15 2.54 1.81 2.32 115.1 146.9
M2g)-conf-19 425 -6.2 5.08 2.55 1.81 2.50 120.0 150.8
Maz8)-conf-20 44.6 -2.5 3.74 2.58 1.81 2.78 96.1 109.5
Mazs)-conf-21 57.3 15.5 5.12 2.45 1.81 2.51 113.2 154.6
M2g)-conf-22 50.2 1.1 4.60 243 1.81 242 109.0 163.0
Maz2s-conf-23 47.6 0.3 4.53 243 1.81 2.45 117.7 164.6
Mzs)-conf-24 38.0 -2.0 4.01 2.39 1.81 2.36 113.7 164.9
M2g)-conf-25 43.0 -9.9 4.66 2.53 1.80 2.37 109.7 157.1
Avg. (A) 37.7+135 -71+72 416+0.68 237+0.14 1.81+0.01 237+0.12 123.8+17.0 158.2+12.6
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Table S3. Selected geometric parameters for the conformations at the RS and TS for the Y44F
methyl transfer reaction carried out by the mutated M3RA-Y44F. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#£S AE2°£S  C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)+S
Mu4)-conf-1 15.1 -18.2 3.14 2.25 1.81 227 131.8 170.8
Mug-conf-2 25.0 -7.5 3.42 221 1.82 2.29 114.0 162.9
Mu4-conf-3 25.3 -10.5 4.64 2.28 1.82 222 134.9 166.8
Mus)-conf-4 18.3 -20.9 3.28 2.30 1.81 224 138.4 164.7
Mug-conf-5 21.8 -13.3 3.41 2.23 1.81 2.23 138.9 175.0
Mu4)-conf-6 20.5 -11.6 3.52 2.21 1.82 2.18 103.7 166.6
Mus)-conf-7 15.2 -26.2 3.42 2.26 1.81 217 156.0 168.0
Mu4-conf-8 15.6 -23.9 3.23 2.31 1.82 2.21 146.6 174.1
Mu4)-conf-9 15.6 -22.3 3.73 2.26 1.82 2.23 110.4 166.3
Maug-conf-10 31.2 -10.8 3.58 2.20 1.82 2.44 126.6 162.0
Maus-conf-11 15.6 -28.3 3.55 2.32 1.82 2.29 146.5 165.0
Mus)-conf-12 17.6 -30.0 3.22 2.38 1.82 2.38 156.1 172.7
Maug-conf-13 37.4 -16.8 3.70 2.33 1.82 2.44 123.7 167.7
Mu4)-conf-14 36.4 -1.8 5.55 2.40 1.82 247 162.3 164.4
Mus)-conf-15 30.6 -21.9 5.09 2.44 1.82 2.37 113.3 162.4
Mu4)-conf-16 43.5 -7.1 3.87 221 1.82 2.52 109.9 156.3
Mu4)-conf-17 37.5 -20.4 4.42 2.31 1.82 2.45 149.2 164.8
Mug-conf-18 12.3 -18.3 3.18 2.23 1.82 227 143.3 171.7
Mu4-conf-19 28.4 -14.2 3.61 2.31 1.82 2.34 154.8 171.3
Mus)-conf-20 38.4 9.2 3.88 2.26 1.82 248 122.2 154.2
Muaug-conf-21 37.1 9.0 3.65 2.34 1.82 2.38 126.4 169.0
Mu4)-conf-22 48.3 7.6 4.61 2.26 1.81 242 112.7 163.0
Mus)-conf-23 21.6 -8.7 3.33 222 1.81 2.38 133.4 162.6
Mu4)-conf-24 19.3 -10.4 3.55 2.20 1.81 227 155.8 173.4
Mu4)-conf-25 23.8 -10.8 3.52 2.26 1.82 2.28 166.8 172.1
Avg. (A) 264+99 -142+87 3.77+0.61 228+0.06 1.82+0.00 2.34+0.10 136.0+19.4 166.7 +5.3
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Table S4. Selected geometric parameters for the conformations at the RS and TS for the Y69F
methyl transfer reaction carried out by the mutated M3RA-Y69F. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+£S AE2°£S C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)=+S
Me9)-conf-1 15.4 -14.2 2.99 217 1.82 2.35 153.6 167.2
Me9)-conf-2 9.6 -22.3 2.93 222 1.83 227 167.2 171.4
Me9)-conf-3 42.6 7.4 3.85 2.28 1.82 2.46 134.2 169.8
Ms9)-conf-4 34.8 2.6 3.48 2.19 1.82 2.54 151.9 168.5
Me9)-conf-5 34.0 4.6 3.35 217 1.81 2.48 150.0 167.2
Ms9)-conf-6 35.0 -8.2 3.59 222 1.81 2.39 152.6 157.2
Me9)-conf-7 50.3 15.3 3.98 223 1.82 2.80 157.4 168.5
Me9)-conf-8 42.2 -7.9 3.85 2.21 1.82 2.65 149.2 165.8
Me9)-conf-9 15.4 -10.4 3.08 2.18 1.81 2.31 166.3 177.3
Me9)-conf-10 30.4 4.2 4.44 2.26 1.82 247 152.1 178.6
Ms9)-conf-11 27.0 -6.1 4.98 227 1.82 2.36 168.2 170.5
Me9)-conf-12 36.1 0.4 3.74 2.29 1.82 247 145.5 166.5
Mie9)-conf-13 15.1 -12.5 291 2.16 1.80 2.25 151.0 167.3
Me9)-conf-14 23.3 -9.6 3.10 2.28 1.81 2.36 139.2 172.2
Me9)-conf-15 15.3 -10.9 2.96 2.22 1.82 2.31 166.7 175.1
Ms9)-conf-16 16.9 -12.0 3.22 2.26 1.82 2.33 154.8 171.5
Me9)-conf-17 24.6 -16.6 3.53 2.27 1.82 227 113.9 162.4
Mis9)-conf-18 50.4 8.9 5.78 224 1.81 2.63 140.5 164.6
Me9)-conf-19 64.7 -11.3 6.47 2.57 1.81 2.69 129.7 153.7
Me9)-conf-20 48.8 -6.9 4.63 2.22 1.82 2.61 118.7 160.1
Me9)-conf-21 13.7 -12.8 2.90 2.20 1.82 2.28 170.8 175.3
Me9)-conf-22 28.5 -4.2 4.48 2.24 1.82 2.36 101.5 163.4
Ms9)-conf-23 21.9 -15.2 3.78 2.19 1.82 2.30 114.4 165.1
Me9)-conf-24 51.4 -5.2 5.74 2.29 1.81 2.53 122.0 176.9
Me9)-conf-25 71.0 9.2 6.48 2.54 1.82 2.51 135.0 162.6
Avg. (A) 32.7+16.6 -54+95 4.01+1.11 225+0.10 1.82+0.01 244+0.15 144.2 £19.0 1679 £6.2
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Table SS. Selected geometric parameters for the conformations at the RS and TS for the Y130F
methyl transfer reaction carried out by the mutated M3RA-Y69F. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#£S AE2°+S  C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)+S
Mso)-conf-1 20.0 -12.7 3.05 223 1.80 2.25 117.3 161.4
Mso)-conf-2 32.3 -10.7 6.37 2.27 1.82 224 50.8 164.9
Maso)-conf-3 14.9 -20.4 3.84 2.31 1.81 2.26 75.6 168.9
Maso-conf-4 32.9 -7.1 3.58 2.26 1.81 2.19 104.5 164.8
Maso-conf-5 46.1 15.6 3.56 2.19 1.82 2.68 137.6 158.4
Maso-conf-6 37.8 2.3 3.30 217 1.82 2.50 128.9 163.7
Mso)-conf-7 45.3 14.9 4.17 221 1.82 2.66 134.3 163.9
Mso)-conf-8 443 29 4.19 2.15 1.81 2.46 77.4 171.8
Ms0)-conf-9 39.1 -10.2 4.59 2.32 1.82 2.30 65.6 170.6
Maso-conf-10 52.6 0.7 5.36 2.37 1.82 2.35 51.4 155.0
Maso-conf-11 39.4 9.0 3.89 2.23 1.81 2.36 86.0 173.5
Maso-conf-12 449 -0.4 3.42 211 1.81 2.45 114.3 144.0
Mo)-conf-13 35.1 -12.0 3.18 2.09 1.81 2.38 134.3 153.7
Mso)-conf-14 50.3 -10.1 4.37 2.29 1.81 2.29 86.2 161.6
Mso)-conf-15 414 5.2 3.59 241 1.81 2.18 118.8 159.3
Maso-conf-16 36.1 -1.0 3.47 2.18 1.80 2.34 117.3 153.7
Maso-conf-17 19.5 -13.1 3.30 2.27 1.81 2.32 160.4 176.5
Maso-conf-18 40.5 6.0 3.53 2.18 1.82 2.46 136.2 156.4
Mo)-conf-19 414 -1.9 3.56 221 1.81 2.40 116.4 165.8
Mz0-conf-20 12.3 -19.5 2.92 2.25 1.83 227 169.2 170.6
Maso-conf-21 35.1 -8.5 3.34 2.24 1.80 2.40 129.1 159.4
Maso-conf-22 29.6 -18.0 3.35 2.23 1.81 2.37 132.6 166.1
Maso-conf-23 14.9 -12.8 3.02 2.23 1.82 2.31 168.5 175.3
Maso-conf-24 37.4 -4.9 3.48 2.23 1.81 241 125.1 160.5
Mso)-conf-25 26.3 -2.4 3.16 221 1.81 2.23 165.9 175.2
Avg. (A) 348+11.2 -53+95 374+0.78 223+0.07 181+0.01 236+0.13 116.2 +34.3 163.8 £8.0
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Table S6. Selected geometric parameters for the conformations at the RS and TS for the Y128A
methyl transfer reaction carried out by the mutated M3RA-Y128A. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE# %S AE2°£S  C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)=+S
M2g)-conf-1 19.7 -6.5 3.15 2.16 1.81 2.32 124.9 167.7
M28)-conf-2 18.1 -11.8 3.09 217 1.81 2.30 121.1 168.5
Mzs)-conf-3 20.6 -1.5 3.20 2.15 1.82 2.37 148.1 172.9
M128)-conf-4 17.7 -14.5 3.30 224 1.82 2.34 139.1 173.3
M12¢)-conf-5 18.0 -15.7 3.08 224 1.81 1.82 121.0 163.4
Maz8)-conf-6 211 9.9 3.25 2.25 1.81 2.31 133.6 168.7
Mazs)-conf-7 15.3 9.2 297 2.19 1.83 2.33 174.5 177.2
Mzs)-conf-8 19.7 -11.7 3.34 2.25 1.81 2.29 135.0 169.5
Ma2¢)-conf-9 18.1 -11.1 3.23 2.23 1.81 2.29 142.2 170.4
M28)-conf-10 18.9 -15.5 3.28 2.31 1.81 227 133.3 169.6
Mazs)-conf-11 18.0 -7.8 3.11 2.19 1.81 2.30 151.2 169.6
Mzs)-conf-12 24.1 -8.3 3.19 2.23 1.82 217 93.2 170.3
Mzs)-conf-13 20.1 -10.4 3.05 2.19 1.81 2.26 109.4 161.6
M2g)-conf-14 19.7 -2.8 3.15 2.16 1.82 2.32 119.2 174.1
M2g)-conf-15 23.3 -2.0 3.28 2.18 1.81 237 126.3 172.0
Mazs-conf-16 28.7 -8.1 3.48 2.25 1.80 2.36 144.3 165.9
Mzs)-conf-17 19.4 -4.7 3.17 2.19 1.81 2.34 133.7 169.6
Mzs)-conf-18 244 3.0 3.22 2.14 1.81 2.36 128.0 167.2
M2¢)-conf-19 20.2 -1.9 3.10 2.14 1.82 2.37 165.6 173.8
Ma28)-conf-20 247 -2.3 3.28 222 1.81 2.36 124.6 168.1
Maz8)-conf-21 15.6 94 3.10 2.13 1.80 2.28 126.4 165.4
Mzs)-conf-22 224 -2.8 3.26 2.20 1.81 2.36 123.3 170.9
M2¢)-conf-23 21.4 -5.7 3.17 2.20 1.81 2.31 127.4 169.9
M2¢)-conf-24 22.6 -2.8 3.19 2.19 1.81 2.32 127.7 169.2
M2g)-conf-25 16.2 -14.5 3.31 2.29 1.82 2.32 147.5 174.1
Avg. (A) 203+3.1 -75+51 320+0.10 220+0.05 1.81+0.01 230+0.11 132.8 +16.7 169.7 +3.5
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Table S7. Selected geometric parameters for the conformations at the RS and TS for the Y44A
methyl transfer reaction carried out by the mutated M3RA-Y44A. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+S AE2°+S  C-N(RS)+S C-N(TS)£S S-C(RS)+S S-C(TS)£S S-C-N(RS)+S S-C-N(TS)=+S
Mu4)-conf-1 21.1 -11.0 4.65 221 1.81 2.25 47.7 167.7
Mu4)-conf-2 43.8 -25.8 2.98 2.44 1.81 2.62 85.5 75.8
Mu4)-conf-3 27.7 -7.1 3.50 2.29 1.81 227 99.4 160.8
Mus)-conf-4 27.3 31.3 3.36 227 1.81 2.28 104.1 159.1
Mus)-conf-5 27.2 -4.1 3.37 2.26 1.81 2.26 113.3 165.9
Mug-conf-6 15.0 -11.7 2.99 2.19 1.83 2.28 170.2 173.4
Mus-conf-7 30.8 -4.2 3.28 2.13 1.81 2.36 124.2 166.2
Mu4)-conf-8 13.8 -15.2 3.03 2.19 1.88 2.29 147.7 171.2
Mu4)-conf-9 29.3 -5.9 3.42 222 1.81 2.38 129.0 166.4
Mus)-conf-10 249 -7.7 3.31 2.20 1.81 2.33 124.3 165.9
Mus)-conf-11 27.5 94 3.30 2.25 1.80 2.26 113.8 165.3
Maug-conf-12 21.0 -6.8 3.17 2.23 1.81 2.26 124.4 169.3
Mu4-conf-13 16.6 -14.3 293 2.12 1.82 2.28 170.7 172.5
Mu4)-conf-14 26.7 -6.0 3.42 2.17 1.81 2.35 122.0 166.2
Mu4)-conf-15 15.2 -13.5 2.96 2.18 1.82 2.26 170.8 172.7
Mus)-conf-16 24.8 -6.3 3.32 2.20 1.81 2.38 131.1 168.4
Mus)-conf-17 28.5 -5.5 3.42 2.14 1.81 242 128.1 163.9
Maug-conf-18 43.0 1.0 3.64 2.17 1.82 2.60 145.6 163.0
Mu4)-conf-19 39.1 -8.6 3.85 2.20 1.81 2.52 130.3 163.6
Mu4)-conf-20 43.2 6.3 3.93 2.23 1.82 2.58 115.0 149.9
Ma4-conf-21 36.6 -6.1 3.59 2.20 1.81 2.62 140.9 160.0
Mus)-conf-22 40.0 1.5 3.46 2.16 1.82 2.58 129.0 147.1
Mus)-conf-23 25.6 -7.2 3.42 2.28 1.82 241 120.3 164.7
Maug-conf-24 40.9 0.2 3.81 2.26 1.82 2.65 133.4 165.0
Mu4)-conf-25 43.1 1.6 3.64 2.17 1.82 2.67 133.6 162.1
Avg. (A) 293+96 -54+101 343+037 221+0.07 1.82+0.01 2.41+0.15 126.2 £26.4 161.0 £ 18.8

15



Table S8. Selected geometric parameters for the conformations at the RS and TS for the Y128F
methyl transfer reaction carried out by the mutated M3RA-Y128F. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+S AE2°£S  C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)=+S
Mzs)-conf-1 15.5 -11.0 4.53 2.20 1.81 2.33 41.8 168.0
M28)-conf-2 33.3 -4.8 5.87 2.26 1.82 2.28 34.8 167.0
M2¢)-conf-3 42.1 1.9 6.57 2.28 1.82 242 43.7 173.3
Mzs)-conf-4 81.5 -2.3 5.10 2.24 1.82 2.34 53.0 167.5
M12¢)-conf-5 29.7 -5.4 4.87 2.32 1.82 2.35 52.8 164.8
M28)-conf-6 63.1 -15.1 4.80 224 1.81 2.17 52.5 172.2
Maz8)-conf-7 271 -8.3 4.68 2.27 1.82 2.14 56.0 168.0
M128)-conf-8 25.8 -4.2 497 221 1.81 2.21 51.7 171.4
Mzs)-conf-9 28.7 -3.6 4.35 2.19 1.81 2.19 60.2 163.9
Maz28-conf-10 32.0 1.6 5.37 2.27 1.82 2.30 45.1 168.0
Mzs)-conf-11 30.4 -6.1 4.63 2.27 1.81 2.28 59.6 170.7
Mzs)-conf-12 33.1 9.6 5.94 2.32 1.81 227 48.5 176.4
M2g)-conf-13 42.6 -1.0 5.97 2.34 1.82 2.26 60.5 172.0
Mz¢)-conf-14 55.7 0.3 591 2.51 1.81 2.26 77.7 153.5
Mazs-conf-15 421 3.6 5.38 2.33 1.83 2.35 98.1 164.5
M2g)-conf-16 57.5 44 6.52 2.40 1.82 2.46 58.7 164.2
Mzs)-conf-17 46.8 11.5 6.69 2.27 1.82 2.36 57.7 172.9
Maz2s-conf-18 57.3 11.3 6.17 2.37 1.81 2.30 64.0 168.1
M2g)-conf-19 46.8 11.5 6.69 2.27 1.82 2.36 57.7 172.9
Mzs)-conf-20 59.7 9.0 6.46 2.24 1.81 2.40 63.6 169.5
M2g)-conf-21 47.6 1.7 6.07 241 1.82 227 56.7 167.7
M2¢)-conf-22 83.9 26.6 5.57 2.32 1.81 2.53 66.2 159.5
Maz2s-conf-23 48.0 7.2 5.94 243 1.80 2.38 72.3 173.7
M2g)-conf-24 37.4 -2.9 491 2.20 1.81 2.23 61.9 162.6
Mzs)-conf-25 34.0 -1.1 4.71 222 1.81 222 73.6 166.7
Avg. (A) 441+16.7 06+89 555+0.75 230+0.08 1.81+0.01 231+0.09 58.7+12.9 167.9+£5.0
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Table S9. Selected geometric parameters for the conformations at the RS and TS for the Y128A
methyl transfer reaction carried out by the mutated M3RA-Y128A. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+S AE*+S  C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)+S
Mzs)-conf-1 20.4 -7.7 3.28 222 1.81 2.34 134.5 167.6
Mzs)-conf-2 17.0 -6.0 3.23 212 1.82 2.30 113.3 169.5
Mzs)-conf-3 18.7 -16.2 3.25 2.29 1.81 2.31 130.7 166.3
M128)-conf-4 19.4 -8.5 3.20 221 1.81 2.31 139.8 171.1
M2¢)-conf-5 16.9 -12.7 3.18 2.25 1.82 2.32 154.0 172.5
M128)-conf-6 15.4 -15.3 3.13 224 1.82 2.32 158.4 169.4
Maz8)-conf-7 17.9 -12.2 3.24 224 1.82 2.36 160.7 172.2
M128)-conf-8 11.3 -16.0 3.00 2.20 1.82 224 163.5 172.8
M128)-conf-9 14.4 -11.5 2.94 2.15 1.82 227 157.0 167.9
Maz28-conf-10 14.9 -10.2 3.02 217 1.82 2.30 163.2 169.6
Mazs)-conf-11 11.8 -14.9 3.01 217 1.82 2.20 158.6 173.9
Mazs-conf-12 11.6 -18.3 2.95 224 1.83 227 169.9 174.0
Mzs)-conf-13 16.8 -9.6 3.07 2.19 1.82 2.33 163.2 170.1
Mzs)-conf-14 16.8 -4.2 3.06 212 1.82 2.32 159.9 171.3
Mzs)-conf-15 14.2 -14.4 3.09 2.21 1.82 2.29 157.3 170.8
Mzg)-conf-16 15.3 -11.0 3.08 2.18 1.82 2.29 154.4 169.4
Mzg)-conf-17 15.3 9.4 3.10 2.17 1.82 2.31 176.2 179.1
M2g)-conf-18 13.1 -20.0 3.06 2.28 1.83 2.30 167.4 172.7
M2g)-conf-19 9.9 -19.2 297 221 1.82 2.23 171.1 176.1
Ma28)-conf-20 18.0 9.8 3.15 2.19 1.81 2.32 152.9 172.4
M2g)-conf-21 22.6 -8.8 3.69 224 1.81 2.33 134.4 170.2
Mazs)-conf-22 18.0 -16.6 3.47 2.28 1.80 2.25 126.6 169.6
Maz2s-conf-23 14.9 -19.6 3.07 224 1.80 222 129.0 169.0
Mazs-conf-24 18.5 9.0 3.19 2.18 1.81 2.31 133.4 172.1
Mzs)-conf-25 12.2 -22.3 3.04 2.23 1.82 224 163.1 173.9
Avg. (A) 158+3.1 -129+48 3.14+0.17 221+0.05 1.82+0.01 229+0.04 151.7 £16.5 171.3+£28
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Table S10. Selected geometric parameters for the conformations at the RS and TS for the Y44F
methyl transfer reaction carried out by the mutated M3RA-Y44F. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+S AE2°+S  C-N(RS)£S C-N(IS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)+S
Mu4)-conf-1 24.1 -9.8 5.87 2.25 1.82 222 46.9 175.4
Mu4)-conf-2 21.0 -16.9 3.09 2.25 1.81 2.18 109.2 162.4
Mug-conf-3 19.9 -17.3 3.08 2.28 1.81 2.20 107.0 160.2
Mu4)-conf-4 35.0 -6.0 3.56 2.23 1.81 2.30 120.4 163.1
Mug-conf-5 23.7 -10.5 3.40 224 1.81 2.19 115.1 163.7
Mu4)-conf-6 33.9 -3.9 3.83 2.34 1.81 2.30 112.7 166.3
Mug-conf-7 30.1 -18.6 3.93 2.34 1.81 224 104.1 168.6
Mu4)-conf-8 40.6 -4.3 4.66 2.37 1.81 227 104.2 153.0
Mus)-conf-9 15.2 -15.9 3.08 2.27 1.81 2.31 149.4 172.1
Mu4)-conf-10 22.7 -8.8 3.97 2.30 1.81 2.35 157.7 172.8
Mus-conf-11 19.5 -10.3 3.38 2.25 1.81 2.36 139.6 176.1
Mu4)-conf-12 23.6 -4.3 3.79 2.23 1.81 2.29 138.5 1721
Mus)-conf-13 19.7 9.6 3.38 2.24 1.82 2.38 166.3 174.9
Mug-conf-14 22.0 -12.5 3.49 224 1.81 2.36 156.3 176.1
Mu4)-conf-15 14.6 -16.2 3.00 2.23 1.83 2.34 171.7 172.8
Mug-conf-16 30.4 49 4.39 221 1.82 2.40 160.3 171.5
Mu4)-conf-17 27.2 -7.6 3.75 2.28 1.82 2.37 165.7 175.3
Maug-conf-18 35.6 -8.3 3.89 2.36 1.81 2.39 127.1 173.4
Mu4)-conf-19 22.7 -15.0 3.48 2.31 1.82 2.46 162.2 175.3
Mus)-conf-20 37.5 -13.6 3.88 242 1.82 2.34 118.9 166.0
Maus-conf-21 18.1 -10.7 3.19 2.23 1.81 2.36 153.1 170.5
Mus)-conf-22 30.6 9.2 3.50 2.25 1.81 243 154.9 174.0
Mu4)-conf-23 27.0 -5.1 3.60 227 1.82 2.46 132.2 177.6
Mus)-conf-24 36.0 -4.2 3.76 2.25 1.82 241 133.2 168.0
Mu4)-conf-25 29.8 -6.5 3.63 2.30 1.81 2.38 141.0 166.2
Avg. (A) 264+72 -96+54 370+060 228+0.05 1.81+0.01 233+0.08 133.9+28.2 169.9 £ 6.0
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Table S11. Selected geometric parameters for the conformations at the RS and TS for the Y44A
methyl transfer reaction carried out by the mutated M3RA-Y44A. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+S AE*+S  C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)+S
Mug-conf-1 20.4 -8.5 4.07 222 1.82 224 54.8 165.2
Mus)-conf-2 11.1 -21.2 2.89 222 1.81 2.19 163.2 170.2
Mu4-conf-3 13.3 -17.4 2.96 2.19 1.81 2.23 145.3 170.1
Mug-conf-4 12.3 -14.7 2.88 2.18 1.82 222 164.2 171.9
Mu4)-conf-5 17.5 -7.7 3.14 2.19 1.82 2.34 169.9 177.3
Mu4)-conf-6 14.2 9.3 2.98 2.16 1.82 2.29 173.5 175.2
Mus)-conf-7 10.1 -14.7 2.88 217 1.82 2.25 173.5 174.9
Mu4)-conf-8 9.6 -19.1 2.86 2.19 1.83 222 170.9 177.2
Maug-conf-9 11.6 -16.7 2.94 2.20 1.82 224 168.1 173.7
Mus)-conf-10 11.8 -14.1 3.12 2.20 1.82 2.31 170.7 173.4
Muaus-conf-11 14.8 -11.3 2.99 2.16 1.82 2.29 171.7 173.7
Mug-conf-12 15.9 -15.9 3.23 222 1.81 2.18 149.1 170.4
Mu4)-conf-13 17.4 -5.3 3.02 2.15 1.82 2.35 165.4 171.7
Mu4)-conf-14 13.4 -13.4 2.98 221 1.82 2.30 166.6 171.5
Mus)-conf-15 15.5 -8.8 3.03 2.18 1.82 2.32 166.1 172.3
Mu4)-conf-16 11.0 -22.8 3.01 2.26 1.83 2.26 168.1 171.8
Maug-conf-17 15.5 -11.1 3.05 2.20 1.82 2.33 163.7 171.6
Mus)-conf-18 13.5 -18.8 3.04 224 1.82 2.28 160.7 169.1
Mu4)-conf-19 14.6 -17.7 3.16 2.27 1.82 2.31 159.7 170.7
Mug-conf-20 11.7 211 3.03 2.28 1.83 2.26 162.9 169.8
Ma4-conf-21 12.5 -19.2 3.02 2.25 1.82 227 164.0 170.3
Mu4)-conf-22 14.4 -19.2 3.10 227 1.83 2.32 161.7 169.1
Mus)-conf-23 31.2 -7.4 4.12 2.31 1.82 2.49 152.1 175.4
Mu4)-conf-24 19.4 -22.9 3.38 2.32 1.82 2.25 118.7 169.1
Mug-conf-25 35.2 -14.0 4.16 237 1.82 2.25 97.9 161.8
Avg. (A) 155+6.0 -149+51 316038 222+0.06 1.82+0.01 228+0.06 1553 +27.1 1715+ 3.4
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Table S12. Selected geometric parameters for the conformations at the RS and TS for the Y128A
methyl transfer reaction carried out by the mutated M3RA-Y128A. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+S AE*+S  C-N(RS)+S C-N(TS)+S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)+S
Mazs)-conf-1 36.3 0.7 4.45 2.3 1.82 2.27 58.4 171.2
M28)-conf-2 15.8 -18.8 4.89 2.28 1.82 2.21 41.5 177.4
M2s)-conf-3 18.8 -18.8 3.13 2.2 1.81 2.2 101.9 169.1
Mzs)-conf-4 22.7 9.4 3.77 2.18 1.82 2.21 72.1 170.5
M2s)-conf-5 14.3 -4.3 2.97 2.24 1.82 2.27 174.2 175.2
Mazs)-conf-6 10.2 -16.6 2.99 2.25 1.83 2.27 150.9 176.0
Mazs)-conf-7 9.3 -21.7 2.97 2.32 1.83 2.26 169.7 172.2
M28)-conf-8 134 -26.4 3.13 2.27 1.81 2.27 131.4 171.3
M28)-conf-9 10.0 -17.9 2.92 2.24 1.82 224 157.3 170.6

M28)-conf-10 11.8 -20.6 2.92 2.21 1.81 2.28 164.0 172.6

Ma2s)-conf-11 11.1 -14.9 3.04 2.19 1.8 2.18 128.5 166.8

Mazg)-conf-12 16.6 -17.7 3.17 2.29 1.82 24 167.4 171.9

Mazg)-conf-13 7.3 -11.8 3.06 2.23 1.8 2.15 136.6 171.3

Ma2s)-conf-14 16.7 -23.8 3.32 2.3 1.82 2.34 137.3 166.2
Maz2s)-conf-15 17.2 -18.6 3.22 2.23 1.81 2.29 115.6 166.7
Ma2s)-conf-16 14.3 -11.4 3.07 2.27 1.82 2.34 159.7 173.4

Mazs)-conf-17 21.9 -42.5 341 2.27 1.82 242 141.9 173.0

Mazs)-conf-18 15.2 -15.1 3.11 2.25 1.81 2.31 133.8 171.3

Mazs)-conf-19 15.3 -15.1 3.18 2.26 1.81 2.32 130.9 177.8

Ma2s)-conf-20 10.3 -14.6 3.04 2.22 1.81 2.25 133.4 173.5
M28)-conf-21 18.9 -19.6 3.27 2.3 1.82 2.38 172.9 172.0
M28)-conf-22 11.2 -16.7 3.11 2.34 1.82 2.29 152.9 173.5

M2s)-conf-23 10.5 -25.0 2.94 2.27 1.83 2.28 169.6 173.9

Mazs)-conf-24 14.8 -20.4 3.02 2.24 1.83 2.33 172.8 176.3

Mazg)-conf-25 15.3 -12.5 3.06 2.27 1.82 2.33 160.4 168.2

Avg. (A) 152+59 -173+80 325+047 226+0.04 1.82+0.01 228+0.07 137.4+36.0 171.8£2.9
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Table S13. Selected geometric parameters for the conformations at the RS and TS for the Y44A
methyl transfer reaction carried out by the mutated M3RA-Y44A. Energies are in kcal/mol.
distances in A and angles in degrees (°)

System AE#+S AE2°£S  C-N(RS)+S C-N(TS)+=S S-C(RS)+S S-C(TS)+S S-C-N(RS)+S S-C-N(TS)=+S
Mu4)-conf-1 16.8 -8.6 5.01 2.14 1.83 224 37.4 174.3
Mug-conf-2 37.1 10.6 5.44 2.29 1.82 2.29 39.0 151.4
Mu4)-conf-3 31.8 52 5.47 2.15 1.81 2.29 43.0 163.5
Maus)-conf-4 28.1 -2.6 5.53 2.25 1.82 2.28 38.9 166.2
Mu4-conf-5 32.6 -0.9 5.59 2.28 1.82 2.26 38.7 164.8
Mus)-conf-6 38.7 -1.6 5.23 2.26 1.82 242 75.9 175.0
Mus-conf-7 39.0 6.6 4.08 224 1.81 243 120.4 171.6
Mus)-conf-8 21.7 -9.5 3.63 2.27 1.81 2.32 138.8 171.0
Mug-conf-9 259 9.2 3.71 2.33 1.81 2.26 123.8 168.0
Mu4)-conf-10 229 -8.8 3.53 2.27 1.82 2.29 117.8 167.9
Muaug-conf-11 22.3 -8.6 3.52 221 1.81 221 116.4 169.8
Mu4)-conf-12 215 -11.1 34 2.25 1.81 2.2 115.3 166.4
Maug-conf-13 235 -2.5 3.69 222 1.81 2.36 146.3 175.2
Mu4)-conf-14 27.8 -10.3 3.95 2.25 1.82 2.33 114.4 173.7
Mus)-conf-15 49.0 -3.5 5.51 2.44 1.82 24 89.4 759
Mu4)-conf-16 47.2 0.6 4.72 247 1.82 2.32 112.6 162.4
Mus)-conf-17 38.9 -1.5 44 2.26 1.81 248 122.1 171.8
Mu4)-conf-18 39.4 -3.9 4.42 2.28 1.82 243 104.8 164.4
Mus)-conf-19 29.6 -12.1 3.69 2.22 1.81 2.34 114.1 170.2
Mu4)-conf-20 42.1 3.2 5.07 2.37 1.82 2.35 91.8 158.6
Ma4-conf-21 30.6 -12.5 4.55 2.28 1.81 2.31 108.4 163.9
Mug-conf-22 31.4 -21.9 5.04 2.34 1.82 2.53 94.8 164.6
Mu4)-conf-23 61.1 -4.5 5.16 2.29 1.82 2.49 91.1 167.9
Mug-conf-24 60.9 2.7 6.25 247 1.82 2.53 88.7 160.2
Mu4)-conf-25 44.0 -5.6 5.32 2.5 1.82 2.49 89.2 154.3
Avg. (A) 346+11.7 -46+70 464+083 229+0.09 1.82+0.01 235+0.10 949 +32.6 162.9+19.1
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