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Abstract
Project Code: RSA5680035
Project Title: Insights into the structure and function of the binary toxin: a mosquito
control agent produced from Lysinibacillus sphaericus
Investigator: Associate Professor Panadda Boonserm
Institute of Molecular Biosciences, Mahidol University

E-mail Address: panadda.boo@mahidol.ac.th
Project Period: 3 years

The binary toxin produced from Lysinibacillus sphaericus is highly toxic against Culex and
Anopheles mosquito larvae but not toxic against Aedes larvae. The two components of the binary
toxin are 42-kDa BinA and 51-kDa BinB. BinA is proposed to function as a toxic subunit, whereas
BinB is responsible for receptor binding. To clarify the structure and function of binary toxin, we
successfully determined the crystal structure of BinB. The globular N-terminal domain has a B—trefoil
scaffold which is a highly conserved architecture of some sugar binding proteins or lectins, suggesting
a role of this domain in receptor-binding. The BinB B-rich C-terminal domain shares similar three-
dimensional folding with aerolysin type B-pore forming toxins, suggesting the cytolytic mechanism of
BinB via pore formation. To gain deeper insights into the molecular mechanism underlying the toxicity
of binary toxin, cellular responses to Bin toxin were examined the cytopathic effects in vivo to define
the underlying mechanism of larval death. Typical morphological changes consistent with apoptosis
were observed. Bin toxin also induced the activation of caspase-9 and caspase-3 in larval midgut
cells. Our current observations thus suggest that Bin toxin triggers apoptosis via an intrinsic or
mitochondrial pathway in vivo, possibly contributing to larval death. We also compared the binding
and internalization of binary toxin into the midgut epithelial cells of susceptible Culex quinquefasciatus
mosquito larvae with those of Bin-refractory Aedes aegypti. When fed with a mixture of both
components, co-localization of BinA and BinB was detected both on the cell surface and in the
cytoplasm of Culex larval gut cells. However, administration of BinA alone resulted in localization
only on the cell membrane, whereas BinB alone was detected both on the cell membrane and inside
the cytoplasm. In contrast, when a mixture of both components, or each individual component, was
fed to Aedes larvae, BinA and BinB were unable to reach the cytoplasm and were localized only on
the cell membrane, suggesting that the internalization of BinA is essential for toxicity.
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larvicidal activity, X-ray crystallography
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