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ABSTRACT

Chitinase A from a marine bacterium Vibrio harveyi is an enzyme that degrades chitin to
chitooligosaccharides, yielding chitobioase as the major product. The gene encodes chitinase A
was previously cloned and its enzymatic properties characterized. This study describes the
functional roles of the aromatic residues located at the substrate binding cleft and the surface-
exposed residues in chitin and chitooligosaccharide hydrolyses. Point mutations of Trp70,
Trp168, Tyr171, Trp231, Tyr245, Trp275, Trp397, and Trp570, were generated. Investigation of
specific hydrolyzing activity indicated that only mutant W397F had enhanced activity, while other
mutants showed a significant loss of the activity. TLC analysis of product formation showed a
complete change in the hydrolytic patterns of short-chain substrates when the reducing end
residues Trp275 was mutated Gly and Trp397 to Phe, suggesting that both residues were crucial
for the binding selectivity of chitinoligosaccharides. Chitin binding assay and kinetic experiments
suggested that Trp70, which is located on the surface at the N-terminal end of the chitin binding
domain, was the essential binding residue for a long-chain chitin. Assessment of substrate
binding modes by HPLC MS revealed that NAG, preferred subsites -2 to + 2 over subsites -3 to
+2 and NAG, only bound to subsites -2 to +2. Crystalline o chitin initially occupied various
subsites, generating variuos chitioligosaccharide intermediates which later interacted mainly to
subsites -2 to +2. In addition, mutants W275G and W397F preferred B substrates over a
substrates. Four crystal structures of chitinase A and its catalytically inactive mutant (E315M)
were solved in the absence e and presenc of substrates to high resolutions of 2.0 — 1.7 A. The
overall structure of chitinase A comprises three distinct domains: i) the N-terminal chitin-binding
domain; ii) the main catalytic (a/B), TIM-barrel domain; and iii) the small (a+f3) insertion domain.
The catalytic cleft of chitinase A has a long, deep groove, which contains six binding subsites (-
4)(-3)(-2)(-1)(+1)(+2). Structures of E315M-chitooligosaccharide complexes display a linear
conformation of NAG,, but a bent conformation of NAG,. The crystallographic data provides
evidence that the interacting sugars undergo conformational changes prior to hydrolysis most

likely via the ‘slide-and-bend’ mechanism.
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