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Table S1 - List of the atoms included in the high-layer of the QM/MM calculations.

Atom Atom Residue Residue X Y z
Number  Type Number
1 CE LYS 162 36.328 32.266 43.287
2 HE2 LYS 162 36.774 32.806 44.123
3 HE3 LYS 162 35.284  32.03 43.495
4 NZ LYS 162 36.995 30.979 43.147
5 HZ1 LYS 162 37992 31.03 43.301
6 HZ2 LYS 162 36.747 30.304 43.857
7 HZ3 LYS 162 36.805 30.441 42.313
8 CB GLU 184 39.457 25.649 32.708
9 HB2 GLU 184 40.498 25.946 32.841

10 HB3 GLU 184 39.022 26.352 31.998

11 CG GLU 184 38.806 25.992 34.008
12 HG2 GLU 184 37.748 25.729 34.01
13 HG3 GLU 184 39.2 25291 34.744
14 CD GLU 184 38.954 27.449 34.581
15 OE1l GLU 184 38.019 27.829 35.383

16 OE2 GLU 184 39.916 28.182 34.258
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Table S2 - Activation and reaction energies obtained for the catalytic mechanism of the 3-OST
enzyme (conformation extracted after 3 ns) with the QM region treated with different density
functionals (with dispersion corrections where applicable), using the 6-311+G(2d,2p) basis set and

the electrostatic embedding scheme.

Functional

Functional Type AG* AG* (D3) AGR AGg (D3)
B3LYP h-GGA 19.0 169(-21)  -36.2  -38.0 (-16)
BMK hm-GGA 243  224(-18  -340  -35.6(-16)
B1B95 hm-GGA 243  27(16)  -312  -33.0(-18)
MO06 hm-GGA 26  222(-04)  -358  -36.1(-0.2)
MO062X hm-GGA 216  209(-07)  -368  -36.7(-0.1)
CAM-B3LYP h-GGA 20.8 195(-1.3)  -362  -37.2(-1.1)
B98 h-GGA 20.1 - -35.5 -
wB97XD h-GGA 20.9 - -35.5 -
PBE1PBE h-GGA 20.6 193(-14)  -361  -37.1(-1.0)
mPW1PBE hm-GGA 20.7 - -36.1 -

Table S3 - Activation and reaction energies obtained for the catalytic mechanism of the 3-OST
enzyme (conformation extracted after 6 ns) with the QM region treated with different density
functionals (with dispersion corrections where applicable), using the 6-311+G(2d,2p) basis set and

the electrostatic embedding scheme.

Functional

Functional Type AG* AG* (D3) AGr AGR (D3)
B3LYP h-GGA 13.6 8.9 (-4.4) -32.8 -36.0 (-2.8)
BMK hm-GGA 14.9 10.2 (-4.7) -35.8 -39.0 (-3.1)
MO6 hm-GGA 10.9 10.5 (-0.4) -37.8 -38.4 (-0.6)
M062X hm-GGA 10.6 10.2 (-0.4) -38.0 -38.2 (-0.2)
CAM-B3LYP h-GGA 14.8 11.9 (-2.9) -34.4 -36.6 (-2.2)
B98 h-GGA 13.6 - -33.2 -
wB97XD h-GGA 13.2 - -35.5 -
PBE1PBE h-GGA 14.4 11.8 (-2.6) -33.0 -35.0 (-2.0)
mPW1PBE hm-GGA 15.2 - -32.7 -




Table S4 - Representation of the breakdown of the energy values, in kcal/mol, obtained for the
different stationary points from the QM/MM calculations performed with the structures extracted

from the MD simulations, at 3, 6 and 8 ns.

R TS P
ONIOM Total 0.00 22.16 -33.13
3ns  High Model 0.00 40.34 28.71
Low Real 0.00 -18.18 -61.84
ONIOM Total 0.00 10.90 -33.76
6ns  High Model 0.00 36.36 541
Low Real 0.00 -24.83 27.72
ONIOM Total 0.00 14.26 -17.25
8ns  High Model 0.00 16.49 -1.49
Low Real 0.00 22924 -15.75
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Figure S1 - RMSd values for the active site residues and substrate molecules (top), the substrate
molecules (middle) and active site residues (bottom), throughout the MD simulations, for the three

models studied.
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Figure S2 - Representation of the superimposition of the resulting structures extracted from the end
of the MD simulations (after 10 ns) (red - model A; blue — model B; yellow - model C) and the
crystallographic structure (green), with a cartoon representation for the whole protein (top) and a

CPK representation of the key active site residues and substrate molecules (bottom).
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Figure S3 — Representation of the key distances studied throughout the MD simulation of model C.
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Figure S4 - Representation of the structures at the beginning (left) and end (right) of the MD

simulation with doubly protonated His186, negatively charged Asp189, neutral Glul84 and Lys215.
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Figure S5 — Potential Energy Surface of the QM/MM calculations, along the chosen reaction

coordinate. Near the TS structure, a bidimensional PES scan was performed, with the shortening of

the distance between the proton from Lys162 and the oxygen atom from the phosphate of the PAPS

molecule (represented horizontally in the 3D plot) and the distance between the sulfur atom of the

PAPS molecule and the 3-O position of the glucosamine (represented vertically in the 3D plot) as

reaction coordinates. The colors in the 3D plot represent the energy in kcal/mol. All distances are in

Angstrom.
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Figure S6 — Representation of the reactants (top), TS (middle) and products (bottom) structures
obtained from the QM/MM calculations performed on the structure extracted at 3 ns from the MD

simulations.
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Figure S7 - Representation of the reactants (top), TS (middle) and products (bottom) structures
obtained from the QM/MM calculations performed on the structure extracted at 6 ns from the MD

simulations.
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