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Fig. S1 Representation of the Michaelis complex modeled through MD simulations without restrains applied
on the catalytic distances. The temporal variation of important distances, such as: the nucleophilic attack (C1-
08) and putative nucleophilic activation (H8-Asp137) are depicted in black and orange colors, respectively.
The molecular representations of the Michaelis complex show the average value of the C1-08 (black) and the
H8-Asp137 (orange) distances during the first 1.5 ns (top left panel), and during last 3.5 ns (top right panel)
of simulation.
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As shown in Figure S1, if there is no restraint on the C1,;-O8r,; distance the hydroxyl nucleophilic moiety of
tetrangulol (Tet) orients to the closer oxygen in the structure of Tet (intramolecular interaction). Besides,
during the last nanoseconds the hydroxyl nucleophilic moiety moves further away from the base catalyst
Asp137, exhibiting a distance of approximately 7 A which is not a catalytic configuration.



Table S1. Potential energy profiles for models 1 and 2 using different QM fragments, calculated at the
QM(BP86/6-31G+(d))/CHARMM(MM) level. All values are given in kcal mol.

Model 1 Model 2
QM1 fragment QM2 fragment QM1 fragment
AE¥ 34 29 54
HES distances () QM1 fragmenl:mdel (12M2 fragment QMl;a?li(:rflent
C1oi- Og 2.56 3.17 2.28
Cloii- O8re: 2.01 2.00 2.36
Cloi- 050 1.33 1.31 1.31
C8rer- O8rer 1.33 1.36 1.30
H8re- Ow 1.05 1.26 0.99
Hy- 01 55137 1.05 1.41 1.01
Hs- O 1.77 1.53 9.81
H3pi- 02 1.76 1.67 8.68

Table S2. Potential energy barriers and energy reactions at different levels of theory for the O-glycosylation
mechanism. All values are given in kcal mol*. The reactant, TS and product structures were optimized at the
QM(BP86/6-31G(d))/CHARMM(MM) level.

QM Method AE# AE
BP86/6-31G(d) 18.1 9.3
BP86/6-311G(d,p) 17.5 8.9
M06-2X/6-31G(d) 25.8 9.5
M06-2X/6-311G(d,p) 24.9 9.4
M06-2X/6-311G++(d,p) 27.1 8.4
©B87X-V/6-31G(d) 26.2 10.0
©B87X-V/6-311G(d,p) 25.2 9.6
©B87X-V/6-311G++(d,p) 27.7 8.2

Table S3. Distances (in A) calculated for the States Located along the MEP at the QM(BP86,/6-
31G(d))/MM(CHARMM) level (see Figure S1).

Distances (A) R TS P
Hs[Ser219] - Ola 1.97 1.93 1.90
Hy[Ser219] - Ola 1.71 1.68 1.68
N1[Arg220] - Ola 2.86 2.79 2.82
N2[Arg220] - 01B 2.65 2.63 2.64
N,[His283] - 02a 2.71 2.65 2.65




Fig. S2 QM/MM modeling of the MEP for the
inverting glycosylation mechanism catalyzed by O-
LanGT2: Reactant (R), transition state (TS) and
product (P) structures. In order to highlight the
protein-diphosphate interactions, W, is not shown
in any of the panels. The interactions between the
diphosphate with the Ser219 and His283 are
depicted as dotted black lines. Breaking-forming
bonds are represented by dotted red lines.?

2 See the values of the distances in Table S3




