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GLYCOSIDE HYDROLASE/KINETICS/MUTAGENESIS/CRYSTALLOGRAPHY

TxGHI116 from Thermoanaerobacterium xylanolyticum is a thermostable -
glucosidase that was the first structurally characterized enzyme from glycoside
hydrolase family GH116. High conservation of the amino acid residues in the GH116
family active-site pocket indicate the importance of these residues. Here, we
systematically mutated the active-site amino acids residues that appeared to be related
with catalytic function to quantify the contribution of each side chain to catalysis.

Firstly, we conducted the systematic functional analysis of 7xGH116 active
site glycone sugar binding residues: D452, H507, T591, E730, W732, E777, R786
and R792 in substrate binding and catalysis. From enzyme substrate kinetics and
structural analysis, we clarified the roles of each amino acid residue. In general,
simple binding interactions with the glycone of the substrate cannot fully explain the
activity changes upon mutation of the glucose binding molecule and their charge-
distribution and stabilization of the transition state appear to be more critical, based on
larger effects on kc,: than K.

Secondly, our work investigated the amino acid residues that interact with the
catalytic acid/base and nucleophile. Sequence alignment of these residues shows that

the “Thr-nucleophile—Tyr” pattern of catalytic residues is generally conserved, in



v

which threonine has both hydrogen-bond dornor and acceptor functions. The
glutamine 727 residue in “Gln-acid/base-Tyr” is not highly conserved, while the
tyrosine 523 residue is and plays an essential role in modulating acid/base residue
protonation. Catalytic nucleophile-binding residue mutants T450A and Y790F had
large decreases in activity, while T450A had a narrow pH profile with an optimum
close to neutral, but Y790F had a broad pH profile. Catalytic acid/base-binding
residue mutants Y523F, Q727A and Q727E all show narrow pH optima profile and
the Q727 mutants have higher k., values than wild type 7xGH116.

Thirdly, we elucidated the role of aromatic residues in the TXGH116 slot like
active site subsites +1 and +2. Enzyme kinetics and structural analysis showed that
the Y445 plays a pivotal role in stacking the substrate moiety in subsite +1 and also
helps to stabilize the oxocarbinium ion-like transition state. Elimination of the
tyrosine aromatic platform resulted in a large reduction in hydrolytic activity. The
decreased transglycosylation in the TxGH116 Y445L mutant indicated the importance
of the Y445 in acceptor molecule binding during the glucosyl transferase process. The
W525 residue not only provides substrate stacking in subsites +1 and +2, but may also
act in product release and substrate recognition. The W525F mutation resulted in
improved synthetic substrate binding and W525L has a higher kg value than WT. The
increased hydrolysis activity from the W525L mutant indicated the pivotal role of
W525 in determining the ratio of hydrolysis to transglycosylation in TXxGH116.

These studies improve our understanding of how this enzyme functions which

may allow the modification of 7xGH116 B-glucosidase for improved application.
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