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ABSTRACT

Helices 4 and 5 of the Bacillus thuringiensis Cry4Ba d-endotoxin have been shown
to be important determinants for mosquito-larvicidal activity, likely being involved in
membrane-pore formation. In this study, plasmid-pS136NSSRNP encoding the 130-kDa
Cry4Ba-T6 mutant toxin containing an additional trypsin cleavage site in the interhelical loop
connecting a3 and a4 within the pore-forming domain, was used to produce the a4-05 hairpin
peptide and its derivatives (T6-R159A and T6-Y171A). Upon solubilisation of the toxin
inclusions expressed in Escherichia coli and subsequent digestion with trypsin, the 130-kDa
mutant protoxin and its derivatives were processed to protease-resistant fragments of ca. 47,
10 and 6 kDa. The 6-kDa fragment was identified as the a4-loop-a5 hairpin via N-terminal
sequencing and mass spectrometry, and was successfully purified by size-exclusion fast
protein liquid chromatography (FPLC) and reversed-phase high perforamance liquid
chromatography (HPLC). Using circular dichroism spectroscopy, the 6-kDa peptide and its
derivatives were found to exist predominantly as an o-helical structure. Membrane
perturbation studies via fluorimetric calcein-release assays revealed that the 6-kDa helical
hairpin and its derivatives are highly active against unilamellar liposomes compared with the
65-kDa activated full-length toxin. Attenuated total reflection-Fourier transform infrared
(ATR-FTIR) spectroscopy was used to determine the orientation and conformation of these
hairpins in the lipid membrane. It revealed that the purified a4-05 hairpin either from the
Cry4Ba-T6 mutant or from its derivatives are mainly embedded in phosopholipid membranes
(ca. 80%) and show a predominant a-helical structure (ca. 60%). An average tilt angle of ca.
60° for the hairpin peptides was found with respect to the bilayer normal at a lipid:protein
ratio of 10:1 (mol/mol). Taken together, the results of this study directly support the role of the
o4-loop-a5 hairpin in membrane-perturbing and pore-forming activities of the full-length

Cry4Ba toxin.
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