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Abstract

The different Cry d-endotoxins produced by Bacillus thuringiensis have been shown to
kill susceptible insect larvae by forming a lytic pore in the target midgut epithelial cell
membrane. In the previous studies, we have shown that tryptic activation of the 130-kDa’
Cry4B toxin produced protease-resistant products of ca. 47 kDa and ca. 21 kDa. The 21-kDa
fragment was identified to be the N-terminal five-helix bundie (a1-05) which is a potential
candidate for membrane iﬁsertion and pore formation.

\ In this report, we have constructed the recombinant clone over-expressing the putative
pore-forming (PPF) fragment (01-05) as inclusion bodies in Escherichia coli. The partially
purified inclusions were composed of a 23-kDa protein which cross-reacted with Cry4B
antibodies and whose N-terminus was identical to that of the 130-kDa protein. Dissimilar to
protoxin inclusions, the PPF inclusions were only soluble when the carbonate buffer, pH 9.0
was subplemented with 6 M urea. After renaturation via stepwise dialysis, the refolded PPF
protein appeared to exist as an oligomer and was structurally stable upon trypsin treatment.
Unlike the 130-kDa protoxin, the refolded protein was able to release entrapped glucose from
liposomes comparable to the activated toxin, although it lacks larvicidal activity against Aedes
aegypti.. These results therefore support the notion that the PPF fragment consisting of a1-at5

of the activated Cry4B toxin is involved in membrane pore-formation.



We have also employed single proline substitutions via PCR-based mutagenesis and
demonstrated that helices 4 and 5 in the pore-forming domain of the Cry4B toxin are essential
for mosquito-larvicidal activity, likely to be involved in pore formation rather than in receptor
binding. To further identify critical residues for toxicity, substitutions with alanine of each of the
charged amino acids (Arg-143, Lys-156, Arg-158 and Glu-159) and one polar residues (Asn-
151) in the transmembrane helix 4 were performed. Similar to the wild-type Cry4B protoxin, all
five mutant toxins were over-expressed as cytoplasmic inclusions in E. coli and were
structurally stable upon solubilisation and trypsin activation in carbonate buffer, pH 9.0.
Interestingly, a complete loss of activity against A. aegypti larvae was observed for the alanine
substitution at Arg-158, while replacements at the four other positions did not affect the toxicity.
The results reveal a crucial role in toxin function for the positively charged side chain of Arg-
158 in helix 4 of the Cry4B toxin.

The putative transmembrane segments, helices 4 and 5 were further studied by means
of nanosecond molecular dynamics (MD) simulation. The 04-05 hairpin (residues Gin140-
Glu198) was truncated from a 3D homology model of Cry4B and inserted into a fully hydrated
lipid bilayer. It adopts a stable helical hairpin-liked structure of which the amphipathic 04 was
stabilised by favorable interactions between pockets of membrane-penetrating water molecules
and side chains of polar residues while the relatively hydrophobic o5 appeared to unwind at its
C-terminus. Unrestrained MD simulations were performed with a model pore consisting of six
copies of the 0i4-05 hairpin in a fully hydrated lipid bilayer with Arg-158 pointing inward to pore
lumen. Predicted conductance values suggested that the transmembrane 04-05 hairpin of

Cry4B has a potential to form a stable oligemeric pore with 2-3 nm in diameter.

_ o
unaasa
‘ ol Y 1) o ol ol N N . . "":
nalnmssangnivesls@ustinudazafiaanuuafii3s Bacillus thuringiensis (Bt) Wi
. % o~ - dd o oA a ' o oda
t%emmuwaenumnnmpmnmmawaL‘naa'qmnszLW'\:mmsmunmo‘lumnuauuumnnu
‘ - : A’ ) - - ’ -
Tusdugsfisiudly  nmsfnsudssdunudn TusduaiRuoiia CrydB vua 130 Alama
[ J A L . Y ) o Lt
i mmagnmzsjummau‘l&nﬁ trypsin 3zldBudulusdurmarszanm 47 uaz 21 laaadu
A& a as v o 4 A & \ P o
TaofiTu 21 Alaamadu Jasddsznaudwndpldanin 1-5 dadaiesiduduinseaunsninlu
o A’ dl ] o o "d A’dv [ 3 A = L% A’ d 'y 1
Tuntaitabiavhlfifiag® Tmammmmqﬂszmmwammnmm-uagawupum:m‘lﬂgmw
v o & d a v a & o & 4d 4da al
nn'li)mnuwummnuna‘lnmmaﬂtm'muazmiﬁ'l'lmmmgm‘lunuomaLuamanmTﬂmums
Awiia Cry4B
Ky v , X, d e . . d
Turwauis 1 el E. coli lumsaaudulysdu PPF sadudiuindordann 1-
v N K A . 4 d o a L o
5 sansdudSunmann u.a:ag.'lugﬂmmwﬁnwsﬁuﬂ'lummu Fudimhwusnuignbidasdiu



