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SUPAPORN BAIYA : FUNCTIONAL ANALYSIS OF RICE
MONOLIGNOL BETA-GLUCOSIDASES. THESIS ADVISOR :

PROF. JAMES R. KETUDAT-CAIRNS, Ph.D. 140 PP.

GLYCOSIDE HYDROLASE/CHARACTERIZATION/RICE/MONOLIGNOL

B-GLUCOSIDASE/MONOLIGNOL COMPOUNDS

In higher plants, B-glucosidases belonging to glycoside hydrolase family 1
(GH1) have been implicated in several fundamental processes, including lignification.
Phylogenetic analysis of rice (Oryza sativa L.) GH1 B-glucosidases indicated that
Os4BGlul4, Os4BGlul6, and Os4BGlul8 are closely related to known monolignol -
glucosidases, leading to the hypothesis that they may release monolignols from their
inactive glucosides. The cDNAs for Os4BGlul4 and Os4BGIlul8 genes were cloned,
sequenced, and ligated into pET32a, and the resulting recombinant plasmids were
used to express fusion proteins with N-terminal thioredoxin and Hisg tags in
Escherichia coli. Because the conserved acid/base glutamate position of Os4BGlul4
is replaced with glutamine residue 191, the cDNA of Os4BGlul4 was mutated to
glutamate at this position to produce Os4BGlul4 Q191E. However, no activity could
be detected for proteins expressed from pET32a/0s4BGlul4  and
pET32a/0s4BGIlul4Q191E. Due to difficulty in cloning a functional cDNA for E.
coli expression, an optimized Os4BGlul6 cDNA was synthesized for expression of
the protein in Pichia pastoris. The secreted Os4BGlul6 fusion protein was purified
from induced P. pastoris culture media by immobilized metal affinity
chromatography (IMAC) to yield a single prominent protein band on SDS-PAGE
analysis and strong p-glucosidase activity. In contrast, active Os4BGIlul8 -

glucosidase fusion protein with N-terminal thioredoxin and Hisg tags was successfully



expressed and extracted from E. coli cells, and was purified by anion exchange
chromatography, hydrophobic interaction chromatography and IMAC. Os4BGlul6
and Os4BGlul8 hydrolyzed the monolignol glucosides coniferin (Kea/Knm, 21.6
mM s for Os4BGlul6 and 31.9 mM s for Os4BGlul8), syringin (Kea/Km, 22.8
mM s for Os4BGlul6 and 24.0 mMs! for Os4BGlu18), and p-coumarol
glucoside (Kea/Km, 6.2 MM *s* for Os4BGlu16 and 1.4 mM s for Os4BGlu18)
with much higher catalytic efficiencies than other substrates.

By quantitative RT-PCR, highest Os4BGlul4 mRNA levels were detected in
seed, panicle and pollen. Os4BGIlul6 was detected at highest levels in leaf from 4 to
10 weeks, endosperm and lemma, while Os4BGIlul8 mRNA was most abundant in
vegetative tissues from 1 week to 4 weeks old and in pollen and lemma. These data
suggest a role for monolignol B-glucosidases in both vegetative and reproductive rice
tissues. The relative amounts of monolignols, their glycosides and related compounds
in rice tissues were analyzed by UPLC-MS to relate the enzyme expression levels to
levels of putative substrates and products. Sinapyl alcohol was detected in root and
leaf sheath from 10-40 days, whereas its glucoside, syringin, was dramatically
increased in 2-3 month-old roots, leaf, leaf sheath, and stem, as were the levels of p-
coumarol glucoside and coniferin. In rice flower extracts, p-coumarol glucoside was
highest, followed by syringin, sinapic acid, coniferin, caffeic acid, sinapyl alcohol,
coniferyl alcohol, and p-coumaric acid, respectively. Thus, the enzymes appear to be
present during the build-up of monolignol glucosides, although the exact biological
context for the release of the monolignols from these compounds remains to be

determined.
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