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YANLING HUA : SYNTHESES OF GIBBERELLIN (GA) GLUCOSYL
CONJUGATES AND FUNCTIONAL STUDIES OF RICE GA B-
GLUCOSIDASE. THESIS ADVISOR : PROF. JAMES R. KETUDAT-CAIRNS,

Ph.D. 157 PP.

GIBBERELLIN/GIBBERELLIN A4-GLUCOSYL ESTER/B-GLUCOSIDASE/RICE

/RECOMBINANT EXPRESSION/TRANSGLUCOSYLATION

In order to monitor the extraction of [B-D-glucosidases that can hydrolyze
gibberellin (GA) conjugates from rice, 9 GA conjugates, which included acetylated and
deacetylated gibberellin GA4 glucosyl esters (GA4-Glc), acetylated and deacetylated GA;
glucosyl esters, GA4 methyl ester, GA3; methyl ester, 3-O-B-D-glucopyranosyl gibberellin
A; methyl ester, 13-O-B-D-glucopyranosyl gibberellin A3 methyl ester and B-D-gluco-
pyranosyl gibberellin A4 methyl ester, were synthesized. Their structures were identified
with nuclear magnetic resonance spectroscopy (NMR) and liquid chromatography-mass
spectrometry (LC-MS).

To identify a GA B-D-glucosidase from rice, ten-day rice seedling shoots and
leaves were extracted and the PB-D-glucosidase activities were purified with seven
purification steps. The fractions were monitored for hydrolysis of p-nitrophenyl B-D-
glucopyranoside (PNPGlc) and GA4-Glc. A family 1 glycoside hydrolase with relatively
high activity to hydrolyze GA4-Glc, Os4BGlul3 B-glucosidase, was identified in the final
fraction by LC-MS of peptides generated by tryptic digestion.

In a second approach to identify a GA PB-D-glucosidase, five recombinantly
expressed rice GH1 enzymes, Os3BGlu6, Os3BGlu7 (BGlul), Os4BGlul2, Os3BGlul8
and Os9BGlu31, were tested for relative hydrolysis activities toward pNPGlc and GA4-

Glc. Os3BGlu6 was found to have the highest hydrolysis activity to GA4-Glc among these



v

enzymes. To compare the mechanism of hydrolysis of esters and glycosides and study
GA4-Glc binding, Os3BGlu6 and its mutants M251N, E178Q, E178A, E394D and E394Q
were produced and their kinetic parameters for hydrolysis of pNPGlc and GA4-Glc
determined. The relative activities of Os3BGlu6 M251N were 52% for pNPGlc, 89% for
GA4-Glc compared to its wild type. The acid-base mutants E178Q and E178A were
unable to hydrolyze pNPGlec, but maintained 13% and 22% of their activities toward GA4-
Glc compared to their wild type, respectively. The nucleophile mutants E394D and E394Q
were found to completely lose hydrolytic activity for both pNPGlc and GA4-Gle.

The transglucosylation activities were studied for Os3BGlu6 and its mutants. Both
Os3BGlu6 E178Q and E178A could produce transglucosylation products when pNPGlc or
GA4-Glc was used as donor and sodium azide as acceptor. The prominent transgluco-
sylation product was isolated by HPLC, and identified by NMR and mass spectra as -D-
glucopyranosyl azide. The activities versus pH profiles for transglucosylation of azide
with GA4-Glc donor were determined in sodium acetate and MES buffers. The Os3BGlu6
E178Q and E178A mutants showed similar optimum pH ranges in MES buffer, but
different optimum pH in sodium acetate buffer. The acetate ion was found to act as a
nucleophile in the reaction to rescue the hydrolysis activity. The concentrations of GAy-
Glc donor and sodium azide acceptor were varied to test their effects on transglucosylation
kinetics. High concentrations of sodium azide were found to inhibit the reaction for
0s3BGlu6 E178Q, but not for Os3BGlu6 E178A when the concentration of Na-azide was
increased up to 400 mM. The hydrolysis and transglucosylation activities for Os3BGlu6
and its mutants confirmed its retaining catalytic mechanism, and the roles of the residues

M251, E178 and E394 in the catalytic process.
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