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vip3A GenBank vip3A vip3A
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vip3A
PCR-RFLP vip3A
°  Vip3A 1
98.6% ~ 100% 1.1
Vip3A 1.1.1 1
284 358 406 536 633 755 761 776 Amp" 100 pg/mL
Kan" 30 pg/mL
Vip83 N- 1.1.2 PCR
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Table 1 The strains and plasmids
Strains and plasmids Characteristics Origin
Escherichia colt
E. coli TGI supE hsd AS/F' thi K12A IAe-pro traD36 proAB *
LacZ AM15
E. coli M15 Kan" with pREP4 Supplied by Doctor Pang Yi
E. coli M30vip-27 E. coli M15 with p30vip-27 Amp" Kan" This work
E. coli M30vip-26 E . coli M15 with p30vip-26 Amp" Kan" This work
B. thuringiensis
171 Bt isolates Wild strains This Lab
Plasmid  vector
pMDIS-T vector 2.69kb  Amp" TaKaRa
pOE30 3.4kb  Amp' Supplied by Doctor Pang Yi
pTV-16 pMDIS-T vector containing full vip34a27 gene Amp' This work
pTV-TF9 pMDI8-T vector containing full vip34a26 gene Amp" This work
p30vip-27 pQE30 containing full vip3A4a27 gene Amp' This work
p30vip-TF9 pQE30 containing full vip34a26 gene Amp" This work
T, DNA ligase = DNA Marker TaKaRa 1.3 Bt DNA
Amp' Kan"  anti-rabbit IgG Alkaline Bt DNA CTAB
Phosphatase conjugate antibody developed in goat v
Sigma 1.4 Vip3A Western blot
Vip3Aa TF9  Bil6 24h
NBT BCIP  UNIQ-10  DNA SDS-PAGE Western blot
Vip3Aa
1.2 PCR-RFLP anti-rabbit IgG NBT
vip3A PCR-RFLP BCIP Bt Vip3A
Svip5/Svip3 ° vip3A
Vip3A5/Vip3A3 503 1.5 vip3Aa
BamHI  Sall ’  PCR 94°C UNIQ-10  DNA
3 min 94°C1 min 56°C1 min 72°C2 min 40s 32 pMDI8-T

72°C10 min

Escherichia coli TG1
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vip3Aa pQE30
DNA
10
1.6 Vip3A
2mL. 100 pg/mL
30 prg/mL LB 37°C
220 r/min 1:100 10mL
LB ODg, 0.5~
0.7 IPTG 1 mmol/L.
lh 8h 1 mL SDS-PAGE
1.7 Vip3A Western Blot
1.4
1.8
9
10000 x g 4°C 20 min
S
P Western Blot
1.9
BCA
bp bl | 23 4 5 &t 7
T
28]~
271 ==

=

vip3A
Fig.1 Restriction enzyme analysis of vip3A genes amplified from Bt strains. M.
499. Bt61 10. Bt 67 11. Bt 73 12. TF6 13.TF7 14.TF9 15.TF10 16. GS7

2.2 Bt Vip3A
SDS-PAGE
7h 88 kDa
Western blot
Vip3A 7 h
9h 20 h
20h  Vip3A
lh~15h 2A 2B
2.3 vip3Aa
Btl6  TF9 DNA
vip3A PCR 2.37 kb
PCR PCR pMDI8-T

PCR

3
95C 20 min
2
2.1 Bt vip3A PCR-RFLP
171 Bt
PCR 63 vip3A 1.45kb
36.8% vip3A PCR
EcoR1  Hindll
870bp 255bp 186bp vip3Aal
63 vip3A
vip3Aal 1
S 10 11 12 13 14 15 18
-— 870 hp
=255 bp
<186 bp

ex174 1.Bt22. Bt33. Bt 164. Bt205. Bt276. Bt327. Bt47 8. Bt

pIV-TF9  pTV-16
2.4 vip3Aa
pTV-TF9  pTV-16
vip3Aa vip3A
96.75% ~ 99.75%
96.67% ~99.58% GenBank EU294496
EU332167 Bt
vip3A4a26 TI9 vip3Aa27 Btl6
Vip3Aa26 Vip3A
96.70% ~ 99.11% Vip3Aa27 Vip3A

97.34% ~ 99.49%
Vip3Aa26  Vip3Aa27

2 91 223 342 398 491 514 608
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Fig.2 SDS-PAGE analysis of the Vip3A from TF9 A and Vip3A from Btl6 B .

h9.11h10.12h 11.13 h 12.14 h 13.15 h

10 n

TF9 Vip3A Bt16 Vip3A

2 Vip3Aa26& Vip3Aa27
Table 2 Analysis of Vip3Aa26& Vip3Aa27 with other Vip3A deduced

-— R8kDa

~—3{8kla

M. Protein Marker 1.1 h2.3 h3.5h4.6h5.7h6.8h7.9h8.10

Amiro acid residue

Protein

91 121 129 217 223 284 342 398 451 464 466 491 514 605 608 640 662 716 742 762 767
Vip3Aa26~ R I M K K K N K D Y T E P P R A F L E K T
Vip3Aa27”~ K I M K G K D E D Y G L P H T L F K 1
Vip3AalO K I M K D K D K D Y T G L P H T F F E K 1
Vip3Aal K I M K D Q@ D K D Y T G L P H T F F E K I
Vip3Aal3 K 1 M K D K D K D H T G L P H T F F E K 1
Vip3Aal6 K L M K D K D K D Y T G L P H T F F E K I
Vip3WY197 K 1 M K D K D K D Y A G L P H T F F E E I
Vip3BR K 1 M N D K D E D Y T G L P H T F F E K I
Vip3Aal8 K 1 M K D K D K D Y T G L T H T F F E K I
Vip3-AB51 K 1 M K D K D K G Y T G L P H T F F E K I
Vip3Aa20 K I 1 K D Q D K D Y T G L P H T F F E K 1
Vip3Aa9 K I M K D K D K D Y T G L P H T F F K 1
" This study.
2.5 vip3Aa 55% 3-A 4-A 24 h
vip3A pTV-TF9
pTV-16 pQE30 BamH]1  Sal | Western blot
2.4 kb 3.4 kb 3-B  4-B Vip3A
E. coli TG1 PCR 88kDa
p30vip-26 6h
p30vip-27 E . coli M15
M30vip-26 ~ M30vip-27 2.6 Vip3Aa26 Vip3Aa27
1 mmol/L. IPTG vip3Aa26/27
88kDa S
P Western blot
1 ~8h SDS- 5 Vip3Aa26 Vip3Aa27
PAGE 10%

6 h
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'5 vip3Aa26 E. coli M15 SDS-PAGE A Western-Blot B

Fig.3 SDS-PAGE A and Western blot B analyses of expression of vip34a26 in E. coli M15.M. Protein Marker 1. M15 pQE30 without IPTG

induction 2. M15 pQE30 with IPTG induction 3. M30 vip3Aa26 without IPTG induction 4 ~ 11. M30 vip3Aa26 for 1h ~ 8h cultivation with IPTG
induction 12. supernatant of the TF9 for 12h.
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'4 vip3Aa27 E. coli M15 SDS-PAGE A Western blot B

Fig.4 SDS-PAGE A and Western blot B analyses of expression of vip3A4a27 in E. coli MI5. M. Protein Marker 1. MI5 pQE30 without IPTG

induction 2. MI5 pQE30 with IPTG induction 3. M30 vip3Aa27 without IPTG induction 4 ~ 11. M30 vip3Aa27 for 1 h ~ 8h cultivation with IPTG
induction 12. supernatant of the Bt16 for 12h.

2.7
1.9
: . 3
Vip3Aa26 T. m LGy,
4.423 pg/mL S. exigua H. armigera PCR-RFLP 171
3 Vip3Aa27 T. ni S. Bt 63 vip3A
exigua  H. armigera 36.84% Estruch
17-9
T. m H. armugera
S. exigua vip3A vip3Aal vip3A
LGy 0.125 pg/mL 0.238 pg/mlL vip3Aal

6

9.238 pg/ml. 34  95C 20 min Western Blot
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Kbz 123 271 ~ 296
00—
116.0—
972 — S BRR Vip3Aa27 S . exigua
66— H . armigera Vip3A-
ol S184°  Vip3A-1S1 "7 Vip3Aa26  Vip3Aa27
o Vip3A-LS1 Vip3Aa22 Vip3Aa26 223 398 662
1 2 3
200.0 — 716
116.0 — 223 398 662 716
2 ——§8kDa
6.4 —
Vip3Aa27 223
445 — .
5 398 640 Vip3Aa
'5 Vip3Aa26 A Vip3Aa27 B . .
p3 p3 Vip3Aa Vip3Aa27
Western blot Vin3A
Fig.5 Western blot analysis of Vip3Aa26 A and Vip3Aa27 B . M. .lp a )
Protein Marker 1. Total proteins of recombinant A M30vip-TF9 and Vip 3Aa26 le3Aa
B M30vip-16 2. Soluble fraction of A M30vip-TF9 S and B 91 342 491 514 608 640 716 767
M30vip-16 S 3. pellets of recombinant A M30vip-TF9 P and B 491 514 608
M30vip-16 P . 640 716 767
Vip3A Selvag)andlyan N 3le3A C-
88 kDa P
SDS-PAGE,~ Western Blot
6h Vip3 C-
. ” 491 514 608 640 716 767
Vip3A-S184 Vin3Aa26
9 . ip3Aa
2 wip3A
vip3Aa26  vip3Aa27
3 Vip3Aa26
vip
Table 3 Bioassay results of Vip3Aa26 15
protein against 7'. ni neonates .
Tested Toxic regression Value of 95 % Fiducial ULp3A Bt
insects formula LCsp pg/mL limits ICPs
T. m y=0.4110x +3.9126 4.423 1.708 — 11.452 ICPs ICPs
4 Vip3Aa27
Table 4  Bioassay results of Vip3Aa27 protein against 1 Estruch JJ Warren GW  Mullins MA et al. Vip3A a
T. ni S. ex d H. ) > >S
— " r%l ex-zng = V;l”mlgfem nmm;t;g/ ——— novel Bacillus thuringiensis vegetative insecticidal protein
ste regres : % Fiduci
inE:eZts fo(:::;]:greqsmn Lc;:e :g/mL limits e with a wide spectrum of activities against lepidopteran
T ni y=0.3035x +4.3632 0.125 0.038 - 0.411 insects. Proceedings of the National Academy of Sciences of
S. exigua y=0.2645x +4.6359 0.238 0.056 — 1.011 the United Siates of America 1996 93 11 5389 - 5394.
H. armigera y=0.7822x+3.4625 9.238 5.837 - 14.622 2 Warren GW Koziel MG Mullins MA. Pesticidal proteins
Vin3Aa26 and strains. World Intellectual Property Organization Patent
P 5846870 1998 — 12 - 24.
Vip3Aa27 C- 536 ~ 666

CBM_ 4_ 9 Carbohydrate
binding domain

Tmap Vip3A N-

3 Yu CG Mullins MA  Waren GW et al. The Bacillus
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Identification and Cloning of vip3A Genes from Isolates of Bacillus thuringiensis
and Their Bioactivity Analysis

Jianru Shen®  Mingyu Hou>  Wei Guo' **

' College of Plant Protection Biological Control Center of Plant Diseases and Plant Pests of Hebei Province Agricultural
University of Hebei Baoding 071001 China

2 College of Life Sciences Agricultural University of Hebei Baoding 071001 ~ China

Abstract Objective To survey the distribution of vip3 A-type genes from isolates of Bacillus thuringiensis in China and to clone
novel vip3A genes encoding Vip3A proteins with high insecticidal activity against Lepidopteran insect larvae. Methods We
applied PCR-RFLP method to identify vip3A-type genes from 171 isolates and cloned novel vip3Aa genes. Results The
vip3 A-type genes appeared in 63 of 117 B. thuringiensis isolates. We cloned 2 novel vip3Aa genes from isolates of TF9 and
Btl6. Then we subcloned vip3A4a26 and vip3 Aa27 into vector pQE30 and transformed into Escherichi coli M15  respectively.
The results of SDS-PAGE and Western blot analyses showed that an 88 kDa peptide was expressed in E. coli M15 with 1mmol/L
of IPTG induction at 37°C  respectively. The International Nomenclature Committee of Bt nominated these two genes as the novel
vip genes of vip3Aa26 and vip3Aa27 respectively. The bioassay results indicated that the Vip3Aa27 proteins were highly toxic
to Trichoplusia ni  Spodoptera exigua and Helicoverpa armigera larvae and the LCsy values were 0.125pg/ml 0.238pg/mL and
9.238pg/mL  respectively. However the Vip3Aa26 protein only possessed toxicity to 7. ni larvae. Conclusions The novel
Vip3Aa27 protein had higher activity to Lepidopteran insect larvae compared with that for Vip3Aa26 protein. The results
demonstrated that some amino acid changes had remarkable effect on the insecticidal activity.

Keywords Bacillus thuringiensis  vegetative insecticidal proteins VIPs  vp3A4 gene cloning expression insecticidal activity

Supported by the Key Project of China National Programs for Fundamental Research and Development 2003CB114201
* Corresponding author. Tel/Fax + 86-312-7528178 E-mail guowei @ hebau. edu. cn
Received 15 July 2008/ Revised 19 October 2008





