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1
Table 1  Plasmids and strains used in this study

Plasmids or strains Relevant characteristic

Source or reference

Plasmid contained mix1 removed signal peptide sequences in pGEX-1 vector

Amp'. It Kindly sent by Dr. Colin Berry

pTH2I was used for the expression and purification of 97kDa Mix1 UK *
PMPX2 Ei;srr‘:;iioiozf(lln;irﬁizﬁa;jOcryé ;zl‘llaA :equences in shuttle vector pBU4. It was used for the Kindly sent by Zhang Bei-hua China
£ coli DH5a Genotype EndAl hs‘dR17 rp,  my supEA4 thi-1 recAl gyrA Nal® relAl  laclZYA- In this study
argl' U169 deoR phi80dlac lacZ MI15 .
Plasmid cured strain derived from Bacillus thuringiensis subsp. israelensis and does not ~ Obtained from the International
Bii 4Q7 carry the genes for insecticidal proteins. The acrystalliferous strain was used as the  Entomopathogenic Bacillus Centre
recipient strain in the transformation experiments. Institut Pasteur Paris France
E-pTH21 E . coli DH5acontained pTH21 In this study
B-pMPX2 Bii 4Q7 contained pMPX2 In this study

FeSO, 7H,0 0.05% CuSO,- 5H,0 0.05% ZnSO,-

7H,0 0.5% MnSO,- H,0 2.0% MgSO, 1% Na, S0,
0.15¢ pH 7.4 ccl, 7:6:7 1% Na,SO,  CCl,
100pg/mL 15pg/mL 10min 8min
1.1.3 10000r/min 10min 5%
Sigma-Aldrich Company UK  BioRad Protein Assay
kit BioRad Herts UK  Soniprobe sonicator Lucas
Dawe Ultrasonics Ltd London UK  Beckman Coulter 4°C Cytl Aa
Avanti j-25 Centrifuge U.S.A CytlAa
1.1.4 SLCq
5 1.4
26 £ 2C WHO
12h:12h L:D
=1:2 100mL 25 2-~3
10%
97kDa Mix1 CytlAa
5~6 2
1.2 97kDa Mtx1 25 ~
pTH21  E. coli S 27C 48h Probit
Glutathione S-transferase GST -97kDa Mix1 LGy, LCy
97kDa LTy,
Mix1 Bradford 1Cq 1.Cos
BioRad Protein Assay kit 3
1.3 CytlAa
CytlAa
B-pMPX2 10000x/ Probit LT, LT
min 10min 0.5mol/LL.  NaCl 1.5
Mixl  CytlAa Tabashnik
1992 10 SEF  synergism
70mg factor LCs,
/mL, © PEMZFRHMEMARMATIKSHIES http://journals. im. ac.cn
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a Mix Fig.1  SDS-PAGE analysis of Purified Mix] A and CytlAa protein
97kDa Mix1 B .
90% 97kDa Mix1 53
0.65mg/L 1-A 97kDa Mix1 )
97kDa Mix1 CytlAa
SDS-PAGE
2.2 CytlAa 5
Cytl Aa
2 97kDa Mtxl CytlAa
Table 2 Toxicity of purified 97kDa Mixl Cytl Aa and their mixture against susceptible C. quinquefasciatus
Toxicity against susceptible C. quinquefasciatus SF
Samples
LCsp LCoy LCog LCs LCy
97kDa Mixl 45.29 36.91~55.27 186.6 134.2~293.3 438.1 281.2~863.0 \ \
CytlAa 116.5 96.07 ~142.3 454.1 332.3~718.2 1031 662.5 ~2018 \ \
Mixturel 43.81 35.98~55.19 169.3 118.2~293.2 382.2 232.2~836.4 1.22 1.29
Mixture2 35.88 30.43~42.78 105.5 81.52~152.5 201.9 141.6~342.1 1.82 2.51
Mixture3 20.19 17.14~23.91 59.61 47.36 ~82.05 114.3 82.81~182.0 4.14 5.61
* .ng/mL Mixturel. 97kDa Mix] CytlAa=3:1 Mixture2. 97kDa Mtx] CytlAa=1:1 Mixture3. 97kDa Mtx] CytlAa=1:3.

Cytl Aa 97kDa Mix]1 3 ~4
LGy, 116.5ng/ml.  45.29ng/
mL 97kDa Mix1  CytlAa
LCs 97kDa Mix1
CytlAa 1:3
LGy 20.19ng/mL Mix1
2.24 LG, LCy
1 Cytl Aa
CytlAa  Mixl
Cytl Aa
2.4
Mixl CytlAa 3:1
LCo
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Fig.2  The curve of Mixl

susceptible C. quinquefasciatus at LCog .

CytlAa and their mixture toxicity against
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3h 8h Mix1 10.54h
14 26h CytlAa
80%
CytlAa 2 Cytl Aa
18% 17h
80% Mix1 9 Mix1
26h 100% Mix1 : N- C-
CytlAa=3:1 Sh ADP-
4
10% 20h
80% Mix] 6 35 Mixl
100% 14 Mix1
Mix1 Mix1
LTy, 2
3 5
3 97kDa Mixl CytlAa 3 1 98% Mix1 3
LTy, LTy LT, CytlAa
Table 3 The probit analysis of LTsy and LTy of 97 kDa MixI  CytlAa and Mix1 CytlAa  Mixl
their mix 3 1 toxicity against susceptible C. quinquefasciatus
in the dilution of 98% mortality
Toxicity against susceptible C. quinquefasciatus SF
Sample :
ample LTy at 95% confidence LTsy. at 95% Confidence LTsy LTy, Mix1 CytlAa
97kDa Mixl 18.02 16.93~19.07  33.24 31.00 ~ 36.08 v Mix1 CytlAa
CytlAa  7.481 5.852~9.038 20.33 16.90~25.73 Vo Mix1 CytlAa
Mix " * 11.69 10.99~12.37 24.02 22.61~25.69 1.141.19
“ . Hours * " . 97kDa Mix] CytlAa = 3 1.
CytlAa LTy 7.48h Mixl LTy,
18.02h Cy‘tlAa Mix1 LT50 1 WHO. Microbial pest control. TPCS News The newsletter of the
11.69h Mix1 LTy, 6.33h international programme on chemical safety. 2000 12 2.
2 Lanzaro CC. Mosquito Control Research Annual Report. Callifornia
LT, Ll 1 CytlAa Mixl University of Callifornia 2004 11 - 17.
3 Thanabalu T Hindley J Jackson-Yap J et al. Cloning
sequencing and expression of a gene encoding a 100-kilodalton
3 mosquitocidal toxin from Bacillus sphaericus SSII-1. ] Bacteriol
3.1 CvtlA 1 1991 173 9 2776 - 2785.
: ytlAa Mix 4 Thanabalu T Hindley ] Berry C. Proteolytic processing of the
2 mosquitocidal toxin from Bacillus sphaericus SSII-1. ] Bacteriol
1 Cytl Aa Mix1 1992 174 15 5051 - 5056.
97kDa Mixl : CyTl Aa=1:3 97kDa 5 Thomas WE  Ellar DJ. Bacillus thuringiensis var. israelensis crystal
delta-endotoxin  effects on insect and mammalian cells in vitro and
Mix1 2.14  97kDa Mix]: CytlAa=3:1 . N
in vivo. J Cell Sci 1983 60 1 181 -197.
97kDa Mixl 2.03 CytlAa 6 Thomas WE  Ellar DJ. Mechanism of action of Bacillus thuringiensis
97kDa Mix1 var israelensis insecticidal delta-endotoxin. FEBS Lett 1983 154
2 362-368.
3.2 Cytl Aa Mix1 7 Wu D Johnson JJ Federici BA. Synergism of mosquitocidal toxicity
between CytA and CryIVD proteins using inclusions produced from
2 3 CytlAa LCs, . L —
cloned genes of Bacillus thuringiensis . Mol Microbiol 1994 13 6
Mixl LCs Cytl Aa © HERESRATENFH R HESHER http://journals. in. ac. on
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189. - 1334.
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The synergism between Mtx1 from Bacillus sphaericus and Cytl Aa from
Bacillus thuringiensis to Culex quinquefasciatus

YANG Yan-kun'®> CAI Quan-xin' CAI Ya-jun' YAN Jian-ping'’ YUAN Zhi-ming'
' Wuhan Institute of Virology — Chinese Academy of Sciences  Wuhan 430071 China

% Bioengineering Department ~ Zhengzhou University ~ Zhengzhou 450001  China

Abstract Mosquitocidal toxin 1 Mix]  was synthesized during vegetative phase of Bacillus sphaericus and it had been
proved to have higher activity to Aedes spp. larvae and Binary toxin Bin resistance Culex larvae. The truncated 97kDa
Mix1 with a deletion of the signal peptide and the CytlAa crystal protein a 27.3kDa d-endotoxin from Bacillus
thuringiensis subsp. israelensis Bti  were purified from Escherichia coli and B. thuringiensis recombinant strains
respectively. Both purified toxins had high toxicity against Culex quinquefasciatus larvae. Bioassay result revealed the
purified Mtx1 toxin had high toxicity against the target mosquito larvae with LCy; of 45.2ng/mL. However the mixture
of Mix1 and Cytl Aa exhibited higher toxicity against the mosquito larvae with a lowest 1.C, value of 20.19ng/mL at the
ratio of 1:3. Mix]l CytlAa . The calculated synergistic factor of different mixtures suggested a strong synergistic effect
between Cytl Aa toxin and Mix1. Furthermore the presence of Cytl Aa in the mixture could induce early larval mortality
enhancing the activity of Mix1 to the target mosquito larvae. The synergistic effect of CytlAa on mortality of Mix1 to
mosquito larvae might be caused by the damage of the larval midgut-hemocoel barrier induced by the activated CytlAa
toxin which enhanced the specific pathogenesis of Mitx] on mosquito larvae. It is suggested that the co-application of
Mix1 and CytlAa in future will be integrated for mosquito management.

Keywords Bacillus sphaericus  Bacillus thuringiensis  Mosquitocidal toxin synergism  Culex quinquefasciatus Mix1
Cytl Aa
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