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Rice Os9BGlu31 is a glycoside hydrolase family 1 (GH1) transglucosidase that
can transfer glucose to phenolic acids, flavonoids, and phytohormones. Os9BGlu31
displays broad specificity, with phenolic 1-O-B-D-glucose esters acting as better
glucosyl donors than glucosides, whereas the free phenolic acids of these esters are also
excellent acceptor substrates. Based on homology modeling of this enzyme, we made
single point mutations of residues surrounding the acceptor binding region of the
0Os9BGlu31 active site, including [172T, L183Q, L241D, and W243N. The most active
variant produced was W243N, and all variants with mutations at W243 (to A, D, M, N,
F and Y) had at least a 2-fold higher ratio of naphthol to naphthalene acetic acid
transglucosylation compared to wild type Os9BGIlu31. Kaempferol is a flavanol
containing 4 hydroxyl groups, on which the Os9BGlu31 W243N mutant activity was
considerably higher than that of wild type recombinant enzyme. Therefore, the
regiospecificity for kaempferol glucosylation was compared between Os9BGlu31 wild
type and its W243 mutants. The wild type Os9BGlu31 recombinant enzyme produced
only 7-O-glucoside in significant amounts, while the W243 variants produced up to 3
kaempferol monoglucosides and 3 diglucosides. Fragmentation analysis by negative
ion electrospray ionization tandem mass spectrometry identified the kaempferol mono-
O-glucosides as 3-0O, 7-0, and 4'-O glucosides and di-O-glucosides as 3,7-0, 4'7-0, and
3,4'-0O kaempferol diglucosides, based on the expected stability of different radical

products of glucosyl group loss. The Os9BGlu31 W243 mutants were also better able
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to use kaempferol 3-O-glucoside as a donor substrate, although the W243F and W243Y
variants were similar to wild type. Therefore, the W243 residue was found to be critical
to the substrate and product specificity of Os9BGlu31.

The role of Os9BGlu31 transglucosidase in rice plant metabolism has only been
speculated to date. We tentatively identified various compounds in rice flag leaf
extracts, including flavonoid aglycones and glycosides, by ultra performance liquid
chromatography-mass spectrometry (UPLC-MS)-based metabolite profiling. Extracts
of homologous T-DNA and Tos17/2 insertion 0s9bglu31 knockout lines were compared
to those of paired homozygous Os9BGIu31 wild type lines to identify compounds that
accumulated or are decreased in the absence of Os9BGlu31. One compound that
accumulated in the homozygous knockout lines, was 1-O-feruloyl-B-p-glucoside
(FAG), which has been reported as a glucosyl donor substrate of Os9BGlu31 in vitro.
We discovered that FAG is the substrate for Os9BGlu31 in vivo, since FAG is
accumulated in flag leaves of Os9BGlu31 knockout lines. Certain compounds in the
rice flag leaf extracts, including one with a mass matching tricin 4'-O-
(guaiacylglyceryl)ether 7-O-glucoside, could also serve as Os9BGlu3 1 donor substrates
in an in vitro assay, suggesting they may also be potential substrates or products in the
plant. This work provides the first experimental evidence for the function of Os9BGlu31

in planta.
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