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SUPPORTING INFORMATION

2
3 In the supplementary section we present the figures and tables that are necessary to understand
4 with more detail the studied mechanism. It contains the coordinates for full model used, and the
5 structure of the stationary points discussed in the paper; Relevant interatomic distances for the
6 optimized structures with the B3LYP/6-31G(d):FF99SB level of theory, changes involved in the
7 charge distribution along the reaction path for the DFT layer (B3LYP/6-311+G(2d,2p):FF99SB
8 level theory).
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11 Figure S1. General scheme of the set of reactions that occur inside human FAS (see introduction

12 section for details).
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Inhibitor

Figure S2. (Left) Surface representation of the KR human domain with catalytic residues (light
green sticks representation), KAC substrate (green stick and ball representation) and GSK2194069
inhibitor!® (blue stick and ball representation). (Right) KAC alignment (green) with the inhibitor

(blue) (Ser and Tyr light green color).
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Figure S3. (Left) Full model used for the ONIOM calculations, the image includes: hKR (cartoon
representation), water molecules within 6 A around of catalytic domains, NADPH, PNS and KAC

(spheres and sticks representations). (Right) The three conformations in the QM layer.
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Table S1. Comparison of the activation electronic energies with the water nearby Lys1995

included either in the QM layer or the MM layer, in kcal-mol-!.

TS1 I
H,0 in MM H,0 in QM H,OinMM H,0 in QM
Conf-1 27.7 313 273 22.8
Conf-2 16.6 13.9 32 -1.1
Conf-3 14.8 14.0 =77 -7.8

Table S2. Single point energies (kcal-mol') determined for the stationary structures with five

different DFT functional and the 6-311+G(2d,2p) basis set.

B3LYP Mo06-2X ®B97XD MPWI1K MPWBIK
React 0.0 0.0 0.0 0.0 0.0
TS1 16.0 15.2 15.8 18.2 18.6
| -5.8 -8.1 -7.2 -4.9 -5.7
TS2 -4.4 -6.4 -4.1 -2.6 -3.1
P -12.8 -14.3 -12.0 -12.0 -13.4
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37
38
39 Figure S4. Representation of the most relevant distances in the QM-layer.
40
41 Table S3. NBO bond orders for the QM layer in React, TS1 and I states. The electronic population
42 values are determined at B3LYP/6-311+G(2d,2p) level.
React TS1 I
Hc. Hryr2034-01 Hcr. Hryr2034.01 Hcr. Hryr2034-0m
Cre 0.2249 0.0000 0.1104 0.0000 0.0007 0.0000
Cs 0.0003 0.0000 0.1101 0.0000 0.2282 0.0000
Cg-oxygen 0.0000 0.0180 0.0000 0.0485 0.0000 0.1612
Tyro34- 0.0000 0.1590 0.0000 0.1308 0.0000 0.0194
oxygen
43
44 Table S4. Continuation of the Table 1. Distances (A) for the optimized stationary points in the
45 PESs (B3LYP/6-31G(d):FF99SB).
Coordinate  React TS1 I TS2 P
ri1 3.08 3.08 3.16 2.83 2.13
r12 1.85 1.83 1.80 1.90 2.09
r13 1.03 1.04 1.04 1.03 1.02
rl4 0.98 0.98 0.98 0.97 0.98

46
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48
49
50 Figure S5. Electronic energy profile for the two stages observed in the reduction of KAC to HAC:
51 (orange) electronic energy calculated at B3LYP/6-311+G(2d,2p) level theory and (gray) electronic
52 energy at B3LYP/6-31G(d) level theory.
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Figure S6. (Left) IRC obtained for the TS1. (Right) IRC obtained for the TS2. Both calculations

were performed at the B3LYP/6-31G(d):FF99SB level.

The reaction paths followed by IRC calculations, show that both the stationary states and the
energy barrier are very similar to those obtained in the study of the PESs for the catalytic
mechanism (AE ~2 kcal mol! relatively to the PES results). However, the I states coming from
TS1 and the TS2 have different energy values (which differ in 0.5 kcal mol!). We explored the
differences between these: the IRC of the TS1 leads to the formation of a I structure with a
negatively charged Tyr2034 (Figure S7); the IRC of theTS2 results in a I state where the Tyr2034
is already protonated by the C,—hydroxyl of ribose (Figure S7). We studied the PES that
interchanges the proton of the C,—hydroxyl with Tyr2034 for both states. The results indicate that
the energy difference in the proton transfer for both PES is ~0.16 kcal mol!. Moreover, we
confirmed through an rmsd analysis that the DFT layers only differ in the position of this proton
either in Tyr2034 or the C, of ribose (0.11 A). Thus, we confirm that these differences in the IRC

results do not affect the overall mechanism proposed.
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72 Figure S7. Aligned structures for the I. The black atoms represent the structure of the IRC from
73 TS1 and the gray atoms that of the TS2. The transparent red circle shows the hydrogen atoms that
74 are interchanged in the I state.

75 XYZ coordinates of the QM layer from optimized structures

76

77 react.xyz tsl.xyz

78 C 5.155 6.115 -0.351 C 5.154 6.140 -0.372
79 H 5.963 6.673 -0.830 H 5.957 6.700 -0.859
80 H 5.252 6.236 0.732 H 5.262 6.262 0.710
81 C 5.263 4.641 -0.742 C 5.262 4.668 -0.763
82 H 4.935 4.484 -1.771 H 4.917 4.507 -1.787
83 H 6.289 4.288 -0.650 H 6.290 4.320 -0.686
84 N 4.438 3.742 0.125 N 4.456 3.769 0.122
85 H 3.442 4.025 0.140 H 3.453 4.025 0.131
86 H 4.407 2.764 -0.255 H 4.463 2.784 -0.227
87 H 4.813 3.727 1.089 H 4.836 3.787 1.085
88 C 9.523 0.178 3.053 C 9.528 0.347 3.213
89 H 8.804 -0.061 2.264 H 8.798 0.325 2.397
90 H 9.635 1.275 3.077 H 9.785 1.414 3.379
91 O 10.799 -0.401 2.805 O 10.679 -0.410 2.905
92 H 10.759 -0.919 1.982 H 10.647 -0.626 1.937
93 c 11.221 5.831 -0.746 Cc 11.257 6.012 -0.756
94 H 11.196 6.100 -1.809 H 11.234 6.309 -1.810
95 H 12.277 5.696 -0.505 H 12.311 5.861 -0.516
96 Cc 10.508 4.514 -0.553 C 10.526 4.704 -0.591
97 C 9.247 4.259 -1.113 C 9.272 4.476 -1.174
98 H 8.726 5.052 -1.648 H 8.779 5.278 -1.723
99 C 8.664 2.993 -1.045 C 8.661 3.224 -1.107
100 H 7.703 2.784 -1.500 H 7.710 3.035 -1.593
101 C 9.342 1.937 -0.421 C 9.298 2.150 -0.464
102 O 8.736 0.713 -0.422 O 8.675 0.948 -0.444
103 H 9.374 -0.018 -0.207 H 9.333 0.179 -0.141
104 C 10.586 2.172 0.175 C 10.550 2.362 0.134
105 H 11.107 1.366 0.682 H 11.060 1.533 0.610
106 C 11.145 3.449 0.100 Cc 11.135 3.625 0.066
107 H 12.125 3.616 0.539 H 12.116 3.770 0.512
108 C 7.192 5.541 4.044 C 7.223 5.591 4.013
109 H 8.238 5.827 4.204 H 8.268 5.878 4.177
110 H 6.878 4.969 4.920 H 6.908 5.009 4.883
111 C 6.992 4.617 2.856 C 7.023 4.680 2.815
112 O 5.859 4.282 2.508 O 5.889 4.319 2.490
113 N 8.127 4.115 2.300 N 8.155 4.227 2.222
114 H 8.052 3.617 1.419 H 8.090 3.733 1.338
115 H 8.939 4.733 2.345 H 8.964 4.847 2.282
116 C 6.391 -2.135 1.612 C 6.915 -1.834 1.314
117 H 5.868 -1.554 2.359 H 6.504 -1.200 2.085
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332 TOC
333 We study the chemical reaction involved in the human p—ketoreductase domain. It was studied
334 with the hybrid QM/MM methodology.
 Hydride transfer AG¥=117
Hizj o AG=-32 Proton transfer
Cﬂ _N?O/H /"\ HR;@N{IR“
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