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Abstract

Project code: TRG5880241
Title: Computer-aided engineering family GH32 fructosyltransferase for

use in fructooligosaccharide synthesis
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Project period: 1 July 2015 to 30 June 2017

Fructosyltransferases (FT) act on sucrose by cleaving the B-(2—1) linkage,
releasing glucose, and then transferring the fructosyl group to an acceptor molecule.
This enzyme is capable of producing prebiotic fructooligosaccharides (FOS) that are of
industrial interest. While several FOS-synthesizing enzymes FTs have been
investigated, their catalytic mechanism is not fully understood yet, especially the
molecular details of how enzymatically synthesized FOS is obtained from sucrose. In
this research project, we present a comparative QM/MM investigation on the hydrolysis
and transfructosylation reactions catalyzed by a yeast FT from A. japonicus using
sucrose as donor and acceptor molecule. It is shown that the fructosylation of the
substrate is the rate-determining step of the whole catalytic cycle with an energy barrier
of 15.7 kcal mol'1 [at SCC-DFTB/CHARMMZ22], in good agreement with the published
experimental data. For the defructosylation, both the hydrolysis and transfructosylation
of the fructosyl-enzyme intermediate were explored and the two reactions seem to be
competitive with similar energy barriers (~10 kcal moI-1). For all studied reaction steps,
the oxocarbonium transition state was observed on the fructosyl ring bound in the —1
position, having a c4'-endo conformation. Based on the SCC-DFTB/MM simulations of
sucrose complex in wildtype and D191A mutant, Asp191 is shown to be responsible for
the productive sugar conformation (at subsite —1) required for catalysis. An interaction
pattern, Asp119---nucleophile---1-OH (substrate), is proposed to determine the feasibility
of the formation of the intermediate. This is the first computational study for
understanding the FOS synthesis process, which can be applicable to other related

FOS-synthesizing enzymes.

Keyword: QM/MM; fructosyltransferase; transglycosylation; prebiotic; SCC-DFTB



