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ABSTRACT

Bacillus thuringiensis Cry4Ba toxin, a mosquito-larvicidal protein, forms oligomeric
pores in the midgut epithelial cell membrane, causing cell lysis and larval death. However, a molecular
feature of the oligomerization process is still unclearly solved. This study aims to provide clear insight
into the structural basis for oligomerization of the Cry4Ba toxin. Here, it was found that the 65-kDa
toxin monomer was unable to self-assemble into a pre-pore oligomer in solution. When the 65-kDa
toxin monomer was incubated with micelles designed as a membrane-mimetic environment, the
micelle-induced trimer of ~200 kDa was observed via both modified SDS-PAGE and size-exclusion
chromatography. Additionally, this ~200-kDa trimer, which exhibited a high stability in solution, was
mainly formed through a network of salt bridges. The FPLC-purified toxin trimer was more effective
for membrane perturbation activity on calcein-entrapped liposomes than the toxin monomer. A three-
dimensional (3D) structure of the toxin trimer at ~5 nm resolution was successfully obtained by
negative-stain electron microscopy (EM) in combination with single-particle reconstruction to show a
symmetrical three-fold propeller-like structure. Additionally, fitting of the 65-kDa full-length Cry4Ba
atomic structure into the EM-3D map showed domain organization of individual subunits within the
trimeric complex. Moreover, the molecular organizations of toxin trimers were clearly elucidated by
high-speed atomic force microscopy (HS-AFM) to be composed of three subunits with a structural
transition from the propeller-like structure into a globular-shaped trimer upon interacting with the lipid
membrane. Furthermore, a trimeric arrangement of toxin monomers was demonstrated by successive
HS-AFM imaging, illustrating subunit interactions within the DMPC/CHAPSO bicelle membrane.
Altogether, these findings provide direct insight into the structural requirement of a membrane-bound

monomer for the trimerization process of the Cry4Ba toxin.
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