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Support information:

1. Stationary point structures along the promoted-water pathway for the peptide
substrate

The structures of six stationary points along the promoted-water pathway for a
peptide substrate identified by DFT full optimization at the B3LYP/6-31G(d) level of
theory are displayed in Fig. S1.

2. Stationary point structures along the anhydride pathway for an ester substrate

Although no acyl-enzyme intermediate was found in both the QM/MM and DFT
studies with a peptide substrate, we have identified a stable acyl-enzyme complex for the
hydrolysis of an ester substrate with a truncated active-side model, which consists of the
zinc ion, analogs of the three protein ligands, an acidic acid representing Glu270, an
guanidinium group representing Argl27 and a substrate analog. The acyl-enzyme
complex was identified by DFT full optimization at the B3LYP/6-31G(d,p) level of
theory. Fig. S2 displays the energy profile for the formation of the acyl complex (AC) and
the corresponding stationary points. The AC complex features a sp> hybridization for the
central carbon (Cg). In addition, the carbonyl oxygen of the scissile carbonyl carries a
fractional negative charge and is coordinated with Zn(II). The existence of a stable acyl-
enzyme intermediate suggests that the anhydride mechanism might be operational for
ester substrates.
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Fig. S1. Stationary point structures of the promoted-water pathway for a peptide substrate
obtained at the B3LYP/6-31G(d) level of theory.
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Fig. S2. Energy profile of the anhydride pathway for an ester substrate and the
corresponding stationary point structures at the B3LYP/6-31G(d,p) level of theory.
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