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A Technique to Enhance Insecticidal Efficacy Using Bt Cry Toxin
Mixture and Eicosanoid Biosynthesis Inhibitor
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Abstract To enhance Bacillus thuringiensis (Bt) efficacy, four Cry toxins were purified from four different
Bt strains and assessed in their combined efficacy. The Cry mixtures significantly expanded their target insect
spectra. Bacterial culture broth of Xenorhabdus nematophila (Xn) significantly suppressed insect cellular
immune response and increased Cry toxicity. The addition of Xn culture broth to Cry mixture significantly
enhanced Bt efficacy in target insect spectrum and insecticidal activity.
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< AAJ3ITHRoh et al., 2007). Cry @ide =

AsEo] UL, o5 FHol wet HE Y 4%011% -°r]7}
A ¥ tH(Bravo et al., 2012). ¢F 700 72| Cry
A7} 9% 2 (Crickmore et al., 2014), ©] 52
=AF A E O 40% FAKE 71 mheE Aol 70
2 Y& Cry £7(Cryl, Cry2 5)& YA, T 70% A
T 71Fo g AE-F(CrylA, CrylB 5)& WA, T 70-
95%2] FAKE 7150l whel AlAIF-F(CrylAa, CrylAb &)
2 YA "tk (Crickmore et al., 1998). Cry S4THE-2
A F oz oF 130 kDa 27] iy w3} 65-70
kDa Z71¢] 4% @idg FHH= AX] SAtiEdR §
AE, 2% FF @i Fajaal ofs) N 2ehAg e
739) e N& C 2@ 74-9)9] 7Haal vheo s
°F 60 kDa Z7]¢] A2|&9S A &Y Satide Tk
Hrh(de Magd et al., 2001).
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23 Sarhd B3k = A3 (Kd)el °F 0.6 nM B =]
alkaline phosphatase == aminopeptidase Nol| 2 3slH A
AT S A =L old whEt Al e AESE
FASE FANEY AAE F=sH EtkBravo et al,
2011). &= thE HH o2 = AgE Cry At
22 o] FEAE T3 AEU AsHgHFOR A EZAA}
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9] lysozyme (Sigma, MO, USA)°] &= 10mLe] lysis
buffer (0.1 M NaCl, 2% Triton X-100, 20 mM Bis-Tris, pH
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A3k o R FEIT) tA] 340 mLe] LS A7tk
sYs o g FEIY FHE NS FEFUE
5 500g ¥ F EFAF oF 2109 ST
Yol AR E AR|staL EAIZ f718 FEEES
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CrylAcoll Eo|7 §4# Zglo]m(CrylCa: 5-GCC AGT
TGG TCA ACT AAG GGA AG-3'¢} 5-CCG TAC CTC
TTC CTC GAT ACG TAA A-3', CrylAc: 5-GAT ATC
GIT GCT CTG TTC CCG AA-3'¢t 5-CAC GIT GIT
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Fig. 1. Specific toxicity of different Cry toxins. (A) Purification of Cry toxins from four different Bacillus thuringiensis: B.
thuringiensis kurstaki (‘BtK’), B. thuringiensis aizawai (BtA"), B. thuringiensis tenebrionis (‘BtT’), and B. thuringiensis israelensis
(‘BtI’). The purified Cry toxins were separated on 10% SDS-PAGE. Each lane contained 10 ' of Cry toxin proteins. Arrow heads
indicate main Cry toxin proteins. (B) Insecticidal activities of different Cry toxins against lepidopteran, coleopteran, and dipteran
insects. Third instar larvae of Plutella xylostella, Spodoptera exigua, and Drosophila melanogaster were used for bioassay, while
seven instar larvae of Tribolium castaneum were used. Each larva was fed in a dose of 0.4 B! Cry toxin. Each replication consisted of
10 larvae. Each treatment was replicated three times. Mortality was assessed for 7 days after treatment at 25°C. Different letters above
standard deviation bars indicate significant difference among means at Type I error = 0.05 (LSD test).
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Fig. 2. Effect of Cry toxin mixture on target insect spectrum.
(A) Two Cry toxin mixture (B) Three Cry toxin mixture (C)
Four Cry toxin mixture. Cry toxins from four different Bacillus
thuringiensis (Bt): B. thuringiensis kurstaki (‘K’), B. thuringiensis
aizawai (‘A’), B. thuringiensis tenebrionis (‘T’), and B.
thuringiensis israelensis (‘1I’). Third instar larvae of Plutella
xylostella (‘Px’), Spodoptera exigua (‘Se’), and Drosophila
melanogaster (‘Dm’) were used for bioassay, while seven
instar larvae of Tribolium castaneum (‘Tc’) were used. Each
larva was fed in a dose of 0.4 pg Cry toxin mixture. Each
replication consisted of 10 larvae. Each treatment was replicated
three times. Mortality was assessed for 7 days after treatment at
25°C. Different letters above standard deviation bars indicate
significant difference among means at Type I error =0.05
(LSD test).
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AREE AS YEPTHFig. 2A). dE S¢], BKS} BtA
e Cry 54T Ae 38, shh st s S5ubdol
dsiA o2 F slFel vsl w2 WA 235 71 FU
A 7Y Cry S4Tds 23 249% 234 Cry &
Aol FRd mEl Agslse] W HEEA
(Fig. 2B). o& €9, BtK, BtA, BtK 8] Cry S4t#3
S 93 A3 gelRel FaAEQ B ZathAo]
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CrylAc®t CrylCa A1 EAE HAt A So|x =
gtoHE o]-g3te] PCRE ERI&HTHFig. 3A). HholH
w0 Hg Cry SATHAS Welshe Axe #WF=nt
ojf2rt F dF BT Ee A5ES YeRIh(Fig.
3B). 2} Cry 54T d S ddshe A
2o M e Cry S do] wket tid 8
o] Aoldith. &, BiKellA 1€ C
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Xn Al g FE2ES 2FUAAELS ¥l
SATH(Seo et al, 2012). o] FEEo] Tt 23] M
A FET F e A AR deukgel 7o) 2y
Ao R EABIATHFig. 4A). MIFFUES] A$E
BAAEQ i Tl wet oF 427]9] A G
o 22U Xn FEES WA FUE A T ]



306 oA -

A
1,000 -8
500 -
400 —
®
100 F. xplosfellz
100 - FP. zplosfela
80 -
)
o=
S
>\ T T T T T 1
e 1 2 2 4 g
> ] 10 10 10 10 10 Cry1A CrylC EGFP
g Dose of wrus per larva Dose of virus [10° PIB/W) per lara
100 .
§ 5. exigua 100 5 exigua
20 -
60 -
40 -
20 4
—e— EGFP
—— Cry A
0 —p—- Ty I
d Y 1 10° a0t e Cryla Cryl EGFP

Dose of wvirus per larea

Dose of uirus[1tl‘; FIB/W] per larva

Fig. 3. Effect of baculovirus expressing Cry toxins. (A) Confirmation of baculoviruses expression Cry1Ca (lane 1) and Cry1Ac (lane
2). (B) Insecticial effects of Cry-expression bacluviruses against two different lepidopteran insects of Plutella xylostella and
Spodoptera exigua by injection (left panels) or feeding (right panels) bioassay. For injection assay, each larva was fed in different

doses (pfu) of virus. For feeding assays, each larva was injected with 10° PIB of virus. Each replication consisted of 10 larvae. Each
treatment was replicated three times. Mortality was assessed for 7 days after treatment at 25°C.
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Fig. 4. Immunosuppression and enhancement of Cry toxin toxicity. (A) Nodulation assay to assess the immunosuppressive activity of
Xenorhabdus nematophila (‘Xn”) culture broth extract. Xn extract was prepared by organic solvent extracts. Each treatment was
replicated five times. (B) Enhancement of Cry toxicity by addition of Xn extract. Cry toxins from four different Bacillus
thuringiensis: B. thuringiensis kurstaki (‘BtK’), B. thuringiensis aizawai (‘BtA’), B. thuringiensis tenebrionis (‘BtT’), and B.
thuringiensis israelensis (‘Btl’). 'BtM' indicates a mixture of four different species. Third instar larvae of Plutella xylostella,
Spodoptera exigua, and Drosophila melanogaster were used for bioassay, while seven instar larvae of Tribolium castaneum were
used. Each larva was fed in a dose of 0.4 pg Cry toxin. Each replication consisted of 10 larvae. Each treatment was replicated three
times. Mortality was assessed for 7 days after treatment at 25°C. Different letters above standard deviation bars indicate significant
difference among means at Type I error = 0.05 (LSD test).
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