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Figure S1. Generalized mechanisms for enzymatic glycoside hydrolysis in a-GHs: (a)
inverting GHs and (b) retaining GHs. MC = Michaelis complex; TS = transition state; P =

product complex.
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Figure S2. Stoddart (only the Northern projection is represented) and Mercator

representations of the puckering sphere.
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Figure S3. (a) QM region and collective variables (CVs) used to simulate the glycosylation
reaction catalyzed by NpAS. CV1 (named as proton transfer variable) was taken as the
distance difference between O-H (Glu328) and H---O1. To take into account that the proton
can return to either of the two oxygens (which in fact happened during the metadynamics
simulation), the center of mass of the CCO unit was considered instead of the position of the
carboxylate oxygen. CV2 (named as nucleophilic attack) was taken as the distance between
the nucleophile and the anomeric carbon (the center of mass of the CCO unit was considered).
CV3 (glycosidic bond cleavage) is the C1-O1 distance. The orange dot represents the center
of mass of the two oxygen atoms of a given carboxylate side chain. (b) QM region and CVs)
used to simulate the deglycosylation reaction. Similar consideraton apply. CV1 = C1-Oasp2ss,
CV2 = C1-Owat and CV3 = (Owat-H) — (H-Ocl1u328).
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Figure S4. Evolution of the RESP charge of the anomeric center during the glycosylation
and deglycosylation reactions (a and b, respectively).
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Figure SS. (a) Evolution of the two collective variables during the metadynamics simulation
of the change from GEI to GEI*. CV1 is the distance between the water oxygen atom and
the anomeric carbon (Owater-C1). CV2 is the hydrogen bond between Asp286 and the 6-OH.
(b) Free energy change with respect to the approach of the water molecule to the anomeric
center (free energy landscape projected into CV1).
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Figure S6. Error surface associated to the simulation of the conformational FEL of the -1
sugar (a-glucosyl) of NpAS in complex with sucrose, according to the time-independent free
energy estimator described by Tiwary and Parrinello (J. Phys. Chem. B. 2015, 119, 736-742).
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Figure S7. Evolution of the three collective variables (see Figure S3) during the
metadynamics simulation of the glycosylation reaction (a) and deglycosylation reaction (b).



