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Vibrio harveyi chitinase A or VhChiA (EC 3.2.1.14) is a member of family-18
glycoside hydrolases. The structure of VhChiA comprises three main domains: i) the
N-terminal chitin binding domain (ChBD); ii) the (o/B)s TIM barrel catalytic domain
(CatD); and iii) the o+ small insertion domain. The ChBD is important for binding to
long-chain  substrates, while the CatD is important for binding to
chitooligosaccharides and participating in enzyme catalysis. In the first part of this
study, four surface-exposed residues (Trp70, Ser33, Trp231, and Tyr245) were
investigated. Mutational analysis suggested that Trp70 located at the end of the ChBD
is crucial for binding and catalytic activities of VhChiA towards chitin polymer. Ser33
located nearby also showed binding effects, but to a lesser extent. The other two
residues, Trp231 and Tyr245, which are located outside the substrate-binding cleft,
are involved in chitin hydrolysis, but do not play a major role in the chitin binding
process.

In the second part of this study, seven inhibitors against VhChiA were
identified from the Library of Pharmacologically Active Compounds (LOPAC) by a
high throughput screening assay, with dequalinium being the most active with the K;

of 70 nM. Six out of the seven inhibitors are novel in their inhibitory effects against
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family-18 chitinases. Fourteen VhChiA-inhibitor complexes revealed that all the
inhibitor molecules only occupied the upper part of the substrate binding cleft in two
hydrophobic areas (the glycone area around subsites -4 to -2 and the aglycone area
around substies +1 and +2). Such findings are different from the previously-reported
inhibitors that mimicked the reaction intermediate by occupying the bottom of the
chitinase’s active site at subsite -1. The binding of the inhibitors to the wild-type
enzyme at the algycone sites are well defined and tightly associated with the two
important aromatic residues Trp397 and Trp275, whereas interactions at the glycone
sites are connected with two consensus residues, Trp168 and Val205, and are patchy
with an ill-defined inhibitor density, indicating lower affinity of binding at the
glycone subsites. When Trp275 was substituted with glycine (mutant W275G), the
binding affinities towards all the inhibitors dramatically decreased and in most
structures two inhibitor molecules were found to stack against Trp397 at the aglycone
binding site. Isothermal microcalorimetry confirmed that the inhibitors occupied the
active site of VhChiA in three different binding modes, including 1) a single-site-
binding mode 2) a two-independent-site binding mode; and 3) a two-sequential-site
binding mode. From chemical biology point of view, dequalinium, the most potent
inhibitor with the inhibitory effect at low nM level, could serve as an extremely
attractive lead compound for plausible development of therapeutics against human

diseases involving chitinase-mediated pathologies.
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