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The proposed mode of action of Bacillus thuringiensis (Bt) delta-endotoxins
is the formation of lytic pores in the susceptible larval midgut epithelium. Recently,
the requirement of the loop for efficient membrane insertion of the Bt a4-a.5 hairpin
has been reported. Site-directed mutagenesis was employed to identify a critical loop
residue for larvicidal activity of the 130-kDa Cry4B toxin. Substitutions of one
charged amino acid (Glu-171) and two polar residues (Asn-166 and Tyr-170) in the
a4-05 loop with different amino acids were performed. Much the same as the wild-
type Cry4B toxin, all mutant toxins expressed in Escherichia coli as cytoplasmic
inclusions were structurally stable upon solubilisation and trypsin activation. E.coli
cells expressing each mutant toxin were bioassayed against Aedes aegypti mosquito-
larvae. Alanine substitutions of Asn-166 and Tyr-170 almost completely abolished
larvicidal activity, while replacing Glu-171 with alanine showed a small reduction in
toxicity. In addition, substitutions of Asn-166 with Asp, Arg, Gln, Tyr or Cys did not
affect the toxicity while complete loss of biological activity was observed for the
substitution of Asn-166 with Ile. Substitutions of Tyr-170 with Asp, Arg or Leu also
abolished toxicity while conversion to Trp or Phe seemed to have no or little effect on
larvicidal activity. Moreover, replacements of Glu-171 with Lys or Asp drastically
decreased toxicity while the replacement with Gln could restore toxicity to the wild
type level. These results revealed that Asn-166, Tyr-170 and Glu-171 located within
the loop linking 04 and a5 play a crucial role in larvicidal activity of Cry4B toxin,

especially polarity at position 166 and aromaticity at position 170.
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°lm1mi|aﬂsm"lﬂﬁny1nsﬂa~uTuiumuwaums“mmnamaaﬂm 4 wazndol
sahdi 5 mJNamaqmmsmanu1qamweﬂﬂmumiwy 130-kDa Cry4B inuunaiise
Bacillus thurmg;enszs Tﬂﬂ"lmﬂauuuﬂamsﬂauuiu‘lua*mwaumsmamnammn'cm
Taudi N3ADY ziiTus 3 dwnia Ao asparagine NAUIMUL 166 tyrosine AR WU 170 uaz
glutamate ‘nmsmm 171 "lﬂgmﬂasmi‘lu alanine uaunsﬂawuiuauq Tﬂamﬁmmmﬂaau
mJaquumw1~m'meﬂuﬂﬂgﬂsmqnimiwmnasm (PCR) m"lﬂﬁsniﬂmunmﬂwuqmn
panuumMuLuU§aeslnsiadie 3 umaﬂﬂmumswy Cry4B 57w 17 ¥R "lmm NI166A,
N166D, N166Q, N166R, A166C, N166I, N166Y Fldaeu asparagine fiduniiaies
(i alanine, aspartate, glutamine, arginine, cystein, isoleucine u.aw tyrosine mumm}
waz Y170A, Y170D, Y170R, Y170F, Y170W waz Y170L m"lmﬂaﬂu tyrosine 9
AN 170 Lﬂu alanine, aspartate, arginine, phenylalamne tryptophan ita2 leucine AW
I TRIGHURIT: aﬂﬂﬁﬂﬂﬂmuﬂmﬂwuqaﬂ 4 ¥iia laun E171A, E171K, K171D uag
E171Q Tﬂu"lmﬂaﬂu glutamate AAWMUY 171 i alanme, lysine, aspartate (o
glutamine tiie 1Auanseentununfife Escherichia coli wuh Tﬂsmunmﬂwuqm 17 ¥ila
"lﬂnnaﬂa‘lugﬂnauwaﬂ wezdalinnwannsolumsazaelumsazaemsven wazlvil
mmNainnn15ﬂﬂﬂmau"lclm'nsﬂcvumuaunuiﬂmuﬂmmu uanmnumawﬂﬂamamnm
Qnmqamﬂ nuIuieunuh asparagme NAwns 166 me niﬂawiunnmwu aspartate,
glutamme argmme, cystein Haz tyrosme %zmmuqm"lumsquu1qammmnuTﬂmu
AU UaTMIUNUN tyrosine figumis 170 ﬂ’JUﬂSﬂﬂquuﬂuTﬂNﬁiN aromatic Taun
phenylalanine a2 tryptophan "lmmansmumqmﬂlumsmaﬂmqqaw 1u11mmhlmu
nmﬂwquﬂauﬁmnﬁﬂmmmmsniumsmmnuﬂﬂaaum uepuIntileunui glutamate
fdumia 171 A l,ysme uag aspartate 'n'"m“lnqmmsmanmaﬂm vauzfilounuiay
glutamine ‘nwnqmmsmgﬂmﬂwumuaumn wmmawu'lmmm“lmnu'n asparagme—
166, tyrosine-170 Uaz glytamate-171 mag‘lumuwaums"mmnatn Savhii 4 wag 5w
ﬁmtymaqmﬂumsmqnummﬂ Taomwizesrseniidafidumia 166, Tasead
aromatic 1A UMY 170.






