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ANUPONG TANKRATHOK : STRUCTURAL ANALYSIS OF THE
MECHANISM OF SUGAR BINDING AND HYDROLYSIS BY RICE
OS7BGLU26 B-MANNOSIDASE. THESIS ADVISOR :

PROF. JAMES R. KETUDAT-CAIRNS, Ph.D. 119 PP.

B-MANNOSIDASE/ 3-GLUCOSIDASE/TRANSITION STATE ANALOGUE

Rice Os7BGIlu26 is one member of glycoside hydrolase family 1 (GH1) which
prefers to use 4-nitrophenyl-B-bD-mannopyranoside (4NPMan) as a substrate over
4ANP-B-D-glucopyranoside (4NPGIc). In order to understand its glycon specificity and
catalytic mechanism, Os7BGIlu26 is being investigated at the molecular level. The
Os7BGlu26 protein was crystallized and soaked with or without ligands (mannose,
2,4-dinitrophenyl-2-deoxy-2-fluoroglucoside (ANPG2F), isofagomine,
mannoimidazole and glucoimidazole). The overall structure of native Os7BGlu26 had
the classic TIM-barrel, which is similar to other GH1 enzymes. The Os7BGlu26
structure with bD-mannose corresponds to a product complex, with 3-D-mannose in the
1S skew boat conformation. Docking of the 'Ss, 'Ss, 2So, and 3S; pyranose ring
conformations of 4ANPMan and 4NPGlc substrates into the active site of Os7BGlu26
indicated lowest energies in s, and !S; skew boat conformations. Comparison of
these docked conformers with other rice GH1 structures revealed differences in the
residues interacting with the catalytic acid/base between enzymes with and without
significant B-D-mannosidase activities. Mutation of Tyr134 to Trp in Os7BGlu26
resulted in a lower ratio of ke./Km for 4ANPMan to that for 4NPGlc, while mutation of

Tyrl134 to Phe increased this ratio 13-fold. Mutation of Cys182 to Thr decreased both



v
activity and selectivity for p-pD-mannoside. We conclude that interactions with the
catalytic acid/base play a significant role in glycon selection. The structure of the
Os7BGlu26 complex with dNPG2F showed that one ligand bound at the +1 to +2
subsites and another at a position further out in the putative substrate binding cleft,
rather than at the expected subsite -1 to +1 position. In contrast, the E179Q
Os7BGlu26 acid/base mutant soaked with this inhibitor yielded the structure of a
covalent intermediate with G2F, which was found in a *C; chair conformation. The
structures of the Os7BGIlu26 with the glycosidase inhibitor isofagomine and the
epimeric  putative transition state mimic inhibitors mannoimidazole and
glucoimidazole were also determined. The crystal structure of the complex with
isofagomine showed a ring close to a “C; chair form, which is proposed to be the
relaxed state conformation of glycosides, and this inhibitor had a competitive K;
constant of 2.97 x 10° M.  The crystal structure of mannoimidazole showed a
distorted ring between a 'Ss skew boat and a By s boat, which is proposed to be the
transition state conformation of mannosides, and this inhibitor had a competitive K;
constant of 13.2 x 10°® M. Glucoimidazole also had distortion to a “E envelope
conformation, which is close to the “Hs; half chair transition state proposed for
glucosides, and this inhibitor had a competitive K; constant of 54.2 x 10° M.
Moreover, the progress curves found that isofagomine, mannoimidazole and
glucoimidazole show slow onset inhibition of Os7BGIlu26, as seen in other transition
state analogue studies. This study supports the use of two different distortion pathways

for D-mannosides and D-glucosides during hydrolysis by Os7BGlu26.
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