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ABSTRACT

Bacillus thuringiensis Cry4Ba toxin is highly toxic against Aedes aegypti larvae. This

toxin contains three different structural domains which function together to exert the larvicidal activity.
In this work, functions of Pro*®, Asn®*!, and Arg392 on the B¢-p7 loop and Pro*'* and Pro*'® on the Bs-Bo
loop of Cry4Ba-domain II were studied with an emphasis on their involvement in toxicity and receptor
binding. These residues were individually substituted with other functional side-chain residues using
PCR-based site-specific mutagenesis. Bioassay results against A. aegypti larvae revealed that these
residues were involved in the toxicity of Cry4Ba toxin. The toxicity also showed correlation with the
rigidity property of the B¢-B; loop. It was proposed that Pro®® functions in providing the rigidity to the
Be-B7 loop which may be required for the binding of adjacent residues (Asn*”', Arg**?) to insect midgut
receptor (s). In contrast to Pro®®, Pro*'* and Pro*'® on the Bg-Bo loop may form a structural conserved
sequence (PxP, x is any amino acid) suitable for binding to the receptor. Glycosylphosphatidylinositol-
linked alkaline phosphatase (GPI-ALP) from the epithelial membrane of A. aegypti larval midgut,
which has been reported as a Cry4Ba toxin receptor, was subcloned into pET-17b expression vector.
The recombinant plasmids, pET-Aa-mALP, containing truncated Aa-mALP (without signal sequence
and GPI signal) with additional C-terminal in-frame 6-His codons, were transformed into Escherichia
coli BL21. The size of the expressed Aa-mALP on SDS-PAGE was 54 kDa, which is similar to the
expected size for non-glycosylated Aa-mALP. The Aa-mALP was purified using the Ni-NTA affinity
column. The refolded-ALP showed binding to the 65-kDa activated Cry4Ba toxin under nondenaturing
(dot blot) conditions. Quantitative binding assay via Quartz Crystal Microbalance (QCM) revealed that
the immobilized ALP was bound by Cry4Ba in a stoichiometry of about 1:2.4 with high affinity
(dissociation constant [Kd] of ~14 nM). QCM analysis also revealed that Cry4Ba mutants (P389A,
P389G, P414G, P416G, P414A/P416A, P389A/P414A/P416A, P414A/P416A/E417A) bound to
immobilized Aa-mALP with a similar binding affinity level compared with that of wild-type Cry4Ba
¥ on the Pe-p; loop, and Pro*

protein. Altogether, the results from this study suggest that Pro and

416

Pro™” on the Bg-By loop of Cry4Ba-domain II are involved in toxicity with different functions, and the

binding of the Cry4Ba toxin to the expressed Aa-mALP receptor may not rely only on these residues.
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