Abstract

This project investigated the protein structure-function relationship using the rice
BGlul B-glucan B-glucosidase and Dalbergia isoflavonoid [3-glucosidases as models.
The structure of the rice BGlul B-glucosidase was solved in the free form at 2.2 A
resolution and in the covalent complex intermediate with 2-F-glucoside at 1.55 A
resolution. These structures showed the enzyme forms a typical glycosy! hydrolase
family 1 (GHI) (B/a)g-barrel structure with the catalytic acid base (E176) and the
catalytic nucleophile (E386) at the carboxyl terminal ends of (-sheets 4 and 7,
respectively. The loops at the ends of the B-strands, which show the most variation
compared to other known GHI1 structures, form a deep active site in BGlul, suitable for
binding its oligosaccharide substrates. The identification of the acid/base and nucleophile
were confirmed by site-directed mutagenesis and rescue of the activity in acid/base and
nucleophile mutants, in addition to the structural evidence. The interactions involved in
substrate binding beyond the -1 subsite, which contained the 2-F-glucoside in the
intermediate complex structure, were surmised by computational docking of
laminaribiose, cellobiose and cellotriose into the active site of the free BGlul structure,
and by a complex of the E176Q mutant with cellopentaose. Four residues thought to
interact with substrates in the +1 and +2 substites were mutated to those of barley
BGQ60, which has different preferences for cellobiose vs. cellotriose and 3-mannoside
vs. B-glucoside compared to BGlul. The kinetics of these BGlul mutants for hydrolysis
of the differential substrates showed that 1179, N190 and N245 interact with the
substrate, though their mutation could not convert the specificity of BGlul to that of
barley BGQ60. '

Characterization of the natural substrates of Dalbergia nigrescens B-glucosidase
and its activity toward them and other isoflavonoid glycosides showed that the enzyme is
an isoflavonoid 7-O-B-glucosidase with diglycosidase activity. The two most abundant
substrates for the enzyme were dalpatein 7-O-B-D-apiofuranosyl-1,6-B-D-
glucospyranoside and dalnigrein 7-O-B-D-apiofuranosyl-1,6-B-D-glucospyranoside, from
which the enzyme removes the sugar as a disaccharide (acuminose). The D. nigrescens
cDNA was cloned and the enzyme expressed in Pichia pastoris and shown to have
activity similar to that from seed. Like the seed enzyme, it much preferred the D.
nigrescens isoflavonoid-7-O-diglycosides to the dalcochinin B~ D-glucoside substrate of
D. cochinchinesis dalcochinase, which is 81% identical, while dalcochinase showed the
opposite preference. Molecular models indicated two putative substrate aglycone binding
residues were different between the recombinant D. nigrescens B-glucosidase (Dnbglu2)
and the dalcochinase. When these residues in dalcochinase to the corresponding residues
in Dnbglu2, little change occurred in the single mutant, but the double mutant hydrolyzed
the dalpatein 7-O-B-D-apiofuranosyl-1,6-3-D-glucospyranoside and dalnigrein 7-O-f3-D-
apiofuranosyl-1,6-B-D-glucospyranoside more effectively. [n addition, the D. nigrecens
B-glucosidase effectively hydrolyzed isoflavonoid glycosides in soy flour suspensions to
release their antioxidant isoflavones. The knowledge of rice and legume B-glucosidases
gained in these studies helps explain their actions and suggests their applications to
agriculture and food processing.
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