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Abstract
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Lysinibacillus sphaericus produces the mosquito larvicidal binary toxin consisting of BinA
and BinB which are required together for exerting toxicity against Culex and Anopheles larvae. To
investigate the binding and internalization of binary toxin into the midgut epithelial cells of
susceptible Culex quinquefasciatus mosquito larvae, immunohistofluorescence detection was
performed and demonstrated the colocalization of Cgm1 and BIinA/BinB complex as endocytic
vesicles, indicating that Bin is internalized into the target cell via receptor-mediated endocytosis
pathway. Results showed that BinA-BinB complex was internalized into cell and further delivered
into the cytosol via early and late endosomal compartments, respectively. BinA subsequently
associates with mitochondria and possibly dissipates the mitochondrial membrane potential causing
mitochondria swelling, and finally apoptosis induction. Based on transcriptomic analysis, Bin toxin
triggers a wide range of transcriptional responses including toxin binding, cytoskeleton, metabolism,
immunity and cellular stress with the greater number of down-regulated genes than that of up-
regulated genes. Bin toxin mainly affects metabolism, mitochondrial electron transport chain and
protein transporter on outer/inner mitochondrial membrane by repressed expression. Whereas, the
overexpression was enriched for transcripts involved in autophagic process, lysosomal
compartments and apoptotic cell death. Based on structural alignments with other proteins, an
aromatic cluster in the C-terminal domain of BinB has been proposed to be important for toxicity or
the translocation of BinB or BinA/BinB complex from the membrane into the cytoplasm. Consistent
with this hypothesis, two of these mutations, F311A and F315A, were not toxic to C.
quinquefasciatus larvae and were unable to permeabilize liposomes or elicit ion channel activity, in
contrast to wild-type BinB. Whereas, none of these mutations affected significantly act-A/B
interaction in solution, indicating that these aromatic residues on the C-terminal domain of BinB are
critical for toxin insertion in membranes. In addition, the structures of BinA and BinB have been

reported to be highly similar with the C-terminal domains of aerolysin-type B pore-forming toxins



including parasporin-2 (PS2), which is one of the Bacillus thuringiensis (Bt) toxins that exhibits
specific cytotoxicity against human cancer cells. The fact that Bin and PS2 share structural
similarities raises a question of whether Bin toxin also exhibits cytotoxic or inhibitory effects against
human cancer cells. Here, we demonstrated the inhibition of cell proliferation of various human
cancer cells (A549, Caco-2, HepG2, HK-1, and KKU-M055) upon trypsin-activated Bin treatment at
high concentrations. Of these human cancer cells, HK-1 cells were the most susceptible cells to Bin
proteins. Upon Bin toxin exposure, morphological alterations, decreased migration and adhesion
activity, and apoptosis induction were observed in HK-1 cells. Altogether, besides the larvicidal
activity, Bin toxin also exerts the anticancer activity, albeit at high concentrations, suggesting the

high potential to apply Bin toxin as a novel cancer-therapeutic agent in the future.
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