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SUKANYA LUANG : FUNCTIONAL CHARACTERIZATION OF
B-GLUCOSIDASES AND B-GLUCAN EXOHYDROLASE FROM RICE AND
BARLEY. THESIS ADVISOR : ASSOC. PROF. JAMES R. KETUDAT-CAIRNS,

Ph.D. 183 PP.

B-GLUCOSIASE/B-MANNOSIDASE/BARLEY B-GLUCAN EXOHYDROLASE/

SUBSTRATE SPECIFICITY/MUTAGENESIS

Diverse substrate specificity has been found in rice glycoside hydrolase family 1
(GH1) B-glucosidases, as demonstrated by the recombinant expression and characterization
of two GH1 enzymes, Os7BGlu26 and Os9BGIlu3l. Os7BGlu26 is a B-glucosidase/p-
mannosidase that shares amino acid sequence and substrate specificity similarity with
barley rHvBII, in terms of hydrolysing 4-nitrophenyl-B-D-mannopyranoside more
efficiently than 4-nitrophenyl-p-D-glucopyranoside (4NPGlc) and hydrolysing B-(1,4)-
manno-oligosaccharides. However, unlike HvBIIl, Os7BGlu26 hydrolyses cellobiose
poorly, similar to rice Os3BGIlu7 B-glucosidase. In contrast, despite sequence similarity to
hydroxyisourate hydrolase (HIUHase) and having the same TVNEP and IHENG sequences
around the catalytic acid/base and nucleophile, respectively, rice Os9BGlu31 B-glucosidase
has no HIUHase activity. Os9BGIlu31 hydrolyses 4NPGlc slowly (kca/Km of 0.02 + 0.001
mM™.s™) and the cyanogenic glucoside dhurrin with 10-fold higher relative activity than
4ANPGlc. The activity of Os9BGIu3l was not inhibited by glucono &-lactone and 2,4-
dinitrophenyl-p-D-2-deoxy-2-fluoro-glucopyranoside, unlike most other B-glucosidases.
Based on these observations of the GH1 B-glucosidases Os7BGlu26 and Os9BGIlu31l,
sequence similarity can sometimes be used to predict the substrate specificity of unknown

proteins, but sometimes similar GH1 enzymes have completely different activities.

On the other hand, it was found that the GH3 barley B-D-glucan exohydrolase I
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(HvExol) acts similar to Os7BGIlu26 and similar GH1 B-glucosidases in terms of its
hydrolysis of B-linked gluco-oligosaccharides. Recombinant HvExol (rHvExol), was
expressed in Pichia pastoris, to produce a protein different from native HvExol in the
presence of an extra 11 residues (AHHHHHHHHAA) at the N-terminus and in the type of
sugar attached at the three N-glycosylation sites of native HvExol (Asn221, Asn498 and
Asn600). The rHvExol exhibited broad substrate specificity and was able to hydrolyse
1,2)-, (1,3)-, (1,4)-, and (1,6)-B-linked gluco-oligosaccharides, and the polysaccharides
laminarin, and barley (1,3;1,4)-B-D-glucan, similar to native HvExol. Moreover, the
structure of rHvExol is likely to also be nearly identical, since tetragonal crystals of
rHvExol grew in the same conditions used for cystallisation of native HvExol by
macroseeding with native crystal seeds and in the conditions of 1.8 M and 2.2 M
ammonium sulfate in malate-MES-Tris buffer, pH 5.0, without seeds.

Amino acid residues that appeared to be essential to the active site, based on the
HVExol structure, were mutated in rHvExol as follows: D95A, D95N, R158A, E161A,
E161Q, K206V, E220A, E220Q, D285A, D285N, W286A, W434A, E491A, E491Q and
R158A/E161A. Although most of these mutations resulted in lack of detectable activity, the
substitution of W434 by alanine led to an active enzyme that lost its ability to hydrolyse
B-(1,2), B-(1,4), and PB-(1,6)-oligosaccharides. Another mutation, E220A, decreased the
hydrolytic rate and the k¢, values, especially for cellobiose and 4NPGlc, and increased the
K; constant value of glucono &-lactone. Both mutants lost the ability to hydrolyse
polysaccharides. These studies confirm the importance of the catalytic nucleophile, D285,
the catalytic acid-base, E491, and the surrounding amino acids and suggest that W434,

which helps form the +1 subsite of rHVEXol is critical to substrate specificity.
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