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ABSTRACT

It has been suggested that the C-terminal domain III of Bacillus thuringiensis
Cry o-endotoxins is involved in various functions including structural integrity,
receptor binding and ion-channel regulation. In this study, eleven mutants (Y537A,
Y543A, Y543R, YS543E, Y543Q, Y5431, R540A, R542A, R542K, R542E, and
R542Q) of conserved residues located in 317 within domain III of the Cry4Ba
mosquito-larvicidal toxin were constructed and shown to be critical for structural
integrity. Toxicity assays against Stegomyia aegypti mosquito larvae suggested that
positive charge at Arg>* and hydrophobicity at Tyr’** are pivotal for Cry4Ba toxicity.
Furthermore, the cloned Cry4Ba-domain III fragment was functionally characterised
via surface plasmon resonance spectroscopy, demonstrating that the 21-kDa domain
IIT protein tightly binds to the immobilised artificial phospholipid membrane via two-
step manner with a similar rate of dissociation to that of the full-length Cry4Ba toxin.
In the proteinase K protection assays, the membrane-bound form of both proteins was
partially resistant to proteinase K digestion. This revealed that the domain III fragment
alone was able to associate with and possibly embed itself within the lipid membrane.
In vitro binding analysis via immuno-histochemical assay revealed that the Cry4Ba-
domain III protein was able to bind to the apical microvilli of the susceptible S.
aegypti larval midguts, albeit at lower-binding activity when compared with the 65-
kDa full-length active toxin. This demonstrated that the Cry4Ba-domain III protein
conceivably participates in toxin-receptor recognition. Unlike the full-length toxin, the
Cry4Ba-domain III fragment could not induce leakage of calcein-entrapped liposome
or display any ion channel activity on receptor-free phospholipid bilayers, indicating
no membrane-destabilising activity. For toxicity assays, the cloned Cry4Ba-domain III
protein did not display toxicity against either S. aegypti larvae or S. albopictus C6/36
cell lines. Altogether, these studies suggest that the cloned Cry4Ba-domain III protein
plays a role in maintaining structural integrity, membrane binding, and receptor
recognition.
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