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Table 1 Strains and plasmids used in this study
Strains or plasmids Characteristics Resource
Strains
DH5a« E. coli strain Dr. Zhang Jian
BL21 E. coli strain DH3 Dr. Wu Xiushan
BL21 pGEX-chi BL21contain the pGEX-chi plasmid This work
Bt 4.0718 Bt strain wild type CCTCC No.M200016 Lab store
XBU001 Bt acrystalliferous strain Lab store
UAccB19 DHS5a pUAccB19 This work
XBU315 XBU0O1 pHT315 Lab store
HAc XBU00O1 pHAc315 Lab store
HAccB6 XBU001 pHUAccB6 This work
HAccB7 XBU001 pHUAccB7 This work
HUAccB6 DHSa pHUAccB6 This work
HUAceB7 DHSo pHUAccB7 This work
Plasmid
pTC21 carried the tchi gene Dr. Gao Bida
pUCI19 Amp" TaKaRa Co.
pHT315 Amp" and Erm" shuttle vector of E. coli and Bt Dr.Sun Ming
pGEX-4T-1 Amp" E. coli strain expression vector Dr. xiushan wu
pHAC315 pHT315 carried 4.2-kb fragment of crylAc Lab Store
pUAcl9 pUCI9 carried 4.2-kb fragment of crylAc Lab store
pGEX-chi pGEX19 carried 1.2-kb fragment of tchiB21 This work
pUAccB19 pUCI9 carried 5.2-kb fragment of fusion gene that tchiB21 don’ t have the singal proteid Lab store
plC21 pBluescript SK carried 1.0-kbechiB fragment of E. coli Lab store
pHUACCB6 pHT’j"IS carried 5.2-kb fragment of recombinant gene that tchiB21 don’ t have the singal This work
proteid
pHUACCBT pHT315 (‘an]ed 5.2-kb fragment of fusion gene that ichiB21 don’ t have the singal but have This work
the enterokinase
1.1.2 LB Bio-Rad
37°C Bt LB SPA-400 AFM
28C PE70 Pharmacia
1.1.3 Pyrobest TagDNA
T4 DNA pUC19 1.2 DNA
DNA TaKaRa DNA E. coli 8 Bt
9
Brain Heart Infusion BHI DIFCO 1.3
Amresco PCR- 8
™ 8
S415R Eppendorf Genepulser © HEMZERMENHRFMTIBAHED hreo:// journals. in. ac. on
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10 tchiB 2
1.3.3 PCR crylAc
Ac+ -F Ac+ -R Bt 4.0718 Ac  -F Ac
crylAc Chb-F Chb-R Chb -R 2 PCR
-F Ch -R Ac 1.3.4 PCR PCR
-F Ac -R crylAc Neo
2 1 Chb-F/Chb
1.3.1 PCR crylAc -F Ac -R
11 Bt 4.0718 Sal 1/Bgl Il
PCR crylAc crylAc PCR Bgl Il / Xma 1
cryl Ac PCR
1.3.2 PCR 8 Ac+ -F Ac
pTC21 -R PCR
pTC21 PCR
2 PCR
Table 2 PCR primers of aim genes used in this study
Genes Sequence of primer 5'—3' Length of genes/bp T,/C GenBank accession
Ac+ -F ACGCGTCGACTTGCAGGTAAATGGTTC 3926 58.0 M73248
Ac+ -R GCGCAGATCTAGATTCCTCCATAAGGAGTAA
Chb-F GCGCAGATCTGAACAATGTGGTTCGCAG 933 60.4 M15173
Chb-R ACGCCCCGGGCAAAAACACCCTATTAGT
Chb -F GCGCAGATCTGATGATGATGATAAAGAACAATGTGGTTCGCAG 948 60.4 M15173
Ch -R ACGCCCCGGGCAAAAACACCCTATTAGTGCTTTATTITCG
Ac  -F ACGCCCATGGTCTCATGCAAACTCA 289 60.8 M73248
Ac  -R ACGCCCCGGGCAAAAACACCCTATTAGT
1.3.5 "
DNA 1.6
’ 1.6.1 HAccB6
1.3.6
XBUO0O01
8 AFM "
1.4 SDS-PAGE 1.6.2
HAccB6 HAccB7 Bt 40kV J EOL2] EM 1200EX
28C 60h
a Bradford 1.7
? SDS-PAGE HAc HAccB6
HAccB7
1.5 Western blot Helicoverpa armigera
PVDF 170 x 60r/min 10min
0.8mA/cm’ 30 ~ 45min - 5% TBST 15
0.1% Tween-20 1:50 pGST-chi 1.8
DNA 1mg/ 16
3 3 5~7d DNs 7
1:1500  TBST 1.9
HRP IgG DAB o hEmZmMENHRFMHBSHIEND htto://journals. im. ac. cn
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ORF-finder http //www. ncbi. nlm. pHUAccB6 1 pHUAccB7 E. coli DH5a
nih. gov/gorf/gorf . html
2 pHUAccB6 pHUAccB7
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crylAc
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Fig.1  Expression vector pHUAccB6 containing fusion gene of crylAc
Ac+ -F Ac -R and tchiB.
PCR 5.2kb
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PCR Sal I Xma 1 XBU001
pUAc19 pUC19 pHUAccB6 pHUAccHB7 Bt
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Neo I Neo | /Xma | PCR
Blast crylAc orf crylAc tchiB
GenBank Accession No. M 73248 100%
i ichiB 2.4 SDS-PAGE  Western blot
SDS-PAGE crylAc 1178
pUAccB19 Sal I~ Xma 1 5.21kb ichiB 307
168 kDa
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Fig.2 SDS-PAGE analysis of express supernatant product of fusion gene and western blotting of transformants. M. Protein Marker

A 1.Supernatant product of XBUOO1 2. Supernatant product of HAc 3. Supernatant product of HA(XB6 B 1. Cell lysate
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crylAc 2.6
60 % 3 HAccB6
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61.38% CrylAc HAccB6
42 % HAccB7 72h LCy, 9.10pg/mL
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Fig.4 LCso value of the engineering strains on Helicoverpa armigera .

HAceB6 ~ HAcceB7
HAc
36h
48h 12h  HAccB6 ~ HAccB7
HAc
HAccB6
3 Bt HAccB6
5000 x B 20000 x CrylAc HAccB6
Fig.3  Atomic force microscopy A 5000 x and SEM of crystals protein HAccB6
of the engineering strain HAccB6 B 20000 x . HAc
3 Bt
Table 3 Statistic analysis of virulence of the engineering strains on Helicoverpa armigera
Sample LCso pg/mL 95% C.1.* Intercept slope P value
HAccB6 9.10 6.90~11.53 3.11 1.70 0.83
HAccB7 11.34 9.12~3.9914 2.89 2.20 0.94
Bi4.0718 12.95 9.93~17.13 3.03 1.89 0.74
HAc 41.22 34.07 ~50.03 1.28 2.30 0.83
XBU001 > > 200
* C.1. confidence interval.
3 21 Cryl CrylAc
Helicourpa armigora P. xylostella
Bt 4.0718 crylAc
PCR-RFLP 20kb-DNA
ICPs crylAc crylAa
cry2Aa cry2Ab R Bt
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Cloning and expression of the cry1Ac-tchiB fusion gene from Bacillus Thuringinesis
and Tobacco and its insecticidal synergistic effect

DING Xue-zhi' > LUO Zhao-hui' XIA Li-qiu'® GAO Bi-da’" SUN Yun-jun'

U College of Life Sciences of Hunan Normal University Key Laboratory for Molecular Biology
of Microorganism of Hunan province Changsha 410081 China
2 College of Bio-safety Science and Technology Hunan Agricultural University Changsha 410128 China

Abstract A new fusion gene crylAc-ichi B was constructed to enhance the toxicity of crystal proteins the crylAc gene of
Bacillus thuringiensis strain 4.0718 was combined with a ichiB  deleted signal peptide and Enterokinase site sequence
In this process the Enterokinase site sequence was inserted into the midst of these two genes. Then the combined
fragment carrying the upstream promoter region and the downstream terminator region of crylAc gene were cloned into the
shuttle vector pHT315. And after a series of enzyme digestions and subclonings two new expression vector pHUAccB6 and
pHUAccB7 were obtained. The two vectors were transformed into B. thuringiensis acrystalliferous strain XBUOO1 with
electroporation to obtain the recombinant strain HAccB6 and HAcceB7. The fusion gene was expressed and the expression
product was detected by SDS-PAGE. The result indicated that the recombinant Cryl Ac-tchiB protein accumulated to the
level of 61.38% of total bacterial proteins. CrylAc protein accumulated to the level of 42% of total bacterial proteins.
Chitinase activities is 5.2 time more than that of the control strain. Under Atomic Force Microscopy and SEM of crystals
protein there were some bipy ramidal crystals with a size of 1.5 X 3.0um. Bioassay showed that the fusion crystals from
recombinant strain HAccB6 and HAccB7 were high toxic against third-instar larvae of Helicourpa armigora with the LCs,
after 72h  value of 9.10pg/mL and 11.34pg/mL. The constructed fusion proteins had more toxicity than Cryl Ac crystal
proteins. The study will enhances the toxicity of B. thuringiensis Cry toxins protein and makes a ground for constructing
the fusion genes of B. thuringiensis cry gene and other foreign toxin genes and the recombinant strain with hightoxicity .

Keywords Bacillus thuringiensis crylAc gene tchiB protoxin electropration insecticidal enhancing effect
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