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Table 1 Strains and plasmids used in this study

Strains and plasmids Characterization Resources
Plasmids
pBU4 Tec" and Amp"  shuttle vector of E. coli and Bt Pasteur institute
pMD-18T Amp” TaKaRa
pBlAa Te" and Amp"  carried crylAa gene in pBU4 Xue et al 2005
pBl1Ca Tc" and Amp"  carried cryl Ca gene in pBU4 Xue et al 2005
pBACC Derivative of pBlAa substituting by DNA fragment encoding domain I and [l of CrylCa This work
pBAAC Derivative of pBlAa substituting by DNA fragment encoding domain [l of CrylCa This work
pBACA Derivative of pBlAa substituting by DNA fragment encoding domain [l of CrylCa This work
pBCAA Derivative of pB1Ca substituting by DNA fragment encoding domain [I and [l of CrylAa This work
pBCCA Derivative of pB1Ca substituting by DNA fragment encoding domain [l of Cryl Aa This work
pBCAC Derivative of pBICa substituting by DNA fragment encoding domain [ of Cryl Aa This work
Strains
DH5« E. coli strain Lab store
CryB Bt strain  acrystalliferous mutant  cry ~ Dr. SUN Ming
BT-Cryl Aa Bt recombinant containing plasmid pB1Aa Xue et al 2005
BT-CrylCa Bt recombinant containing plasmid pB1Ca Xue et al 2005
BT-ACC Bt recombinant containing plasmid pBACC This work
BT-AAC Bt recombinant containing plasmid pBAAC This work
BT-ACA Bt recombinant containing plasmid pBACA This work
BT-CAA Bt recombinant containing plasmid pBCAA This work
BT-CCA Bt recombinant containing plasmid pBCCA This work
BT-CAC Bt recombinant containing plasmid pBCAC This work
1.1.2 Taq [ADImutXa 5'-CACTTACAGTTTCCCAATT
T4 DNA TaKaRa AACTCGAGAAATTTATACGAACCCAG-3" 1ADImutXb
5'-CTGGGTTCGTATAAATTTCTCGAGTTAATTGGGAAA
Sigma DNA PCR CTGTAAGTG-3"  1CmutXa 5'-CAGCCAGTTGGTCAAC
Omega TAACTCGAGAAGTTTATACGGACCC-3" 1CmutXb 5'-
1.1.3 LB G-Tris GGGTCCGTATAAACTTCTCGAGTTAGTTGACCAACTGG
8
CTG-3'
1.1.4 Spodoptera CrylAa  CrylCa
exigua Helicoverpa armigera nm DNA Sac 1l
1AD [ MutXa 5'-CGTTCCGCGGTCACAAATTACAC-3’
LADIIMutXb 5'-GCTGTGACCGCGGAATTATATTATTAA
1.2
ATTC-3" 1CDIIMutXa 5'-CAAATACAATTGATCCGCGG
crylAa  crylCa , )
AGAATTAATC-3 1CDIIMutXb 5'-GATTAATTCT
CrylAa  CrylCa 1 ,
CCGCGGATCAATTGTATTTG-3
I DNA Xho 1 s

nn
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GTAAAACGACGGCCAGT-3’ Xho I Sacll
1.3
PCR
DNA
9 DNA
1.4
B . thuringiensis subsp. kurstaki
CryB 10
2.2kV 4000 25pF 0.2cm
1.5 SDS-PAGE
Bt LB G-Tris
3~4d
2
5 ~ 10min
15pL Bio-Rad
R250
1.6
14
50mmol/L. Na, CO;-NaHCO; pH 10.5 2% B-
37°C 2h 2% 37°C 1h
SDS-PAGE
1.7 Western
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5% TBST 2h TBST
4 Cryl Aa 2h
4 1h
4
1.8
100
11
1.9
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13
5
40¢g
24

48 3
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2
2.1 cry
crylAda eyl Ca
4 Cry
I oo m DNA
Xho I Sacll PCR
I Il
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1 6
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pBACC pBAAC pBACA pBCAA pBCCA

DI Dl DIl  crystal-forming
domain

pBCAC
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ACA
AAC
CAA
CAC
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1 CrylAa CrylCa
Fig.1 Schematic of domain swapping between CrylAa and CrylCa.

2.2 CryB
6
CryB 6 BT-ACC
BT-AAC BT-ACA BT-CAA BT-CCA BT-CAC
cylAda  crylCa BT-
CrylAa  BT-CrylCa  G-Tris

3 f

Ll 133ka

11—

N IH
-h— P

SDS-PAGE
Fig. 2 SDS-PAGE  analysis of chimeric recombinant  Bacillus
M. Molecular weight markers 1.BT-CrylAa 2.BT-
CrylCa 3.BT-CCA 4.BT-CAA 5.BT-CAC 6.BT-AAC 7.BT-ACC
8.BT-ACA 9.CryB.
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G-Tris BT-CrylAa  BT-CrylCa
72h BT-CAA  BT-CCA
BT-CAA  BT-CCA 4 CrylAa
SDS-PAGE BT-CAA  BT- CrylCa
CCA 135kDa CrylCAA A e - B
CrylCCA BT-CrylAa > 4
BT-CrylCa 2 Westem BT-
CAA  BT-CCA
BT-ACC BT-AAC BT-ACA BT-CAC
3 ;.
K ML 2 456
| - 135kDa

Ad

4 BT-CrylAa BT-CrylCa BT-CAA

s

BT-CCA

Fig.4  Electron microscopy of parasporal bodies of BT-CrylAa BT-
CrylCa BT-CAA and BT-CCA strains. A BT-CrylAa 30 x 10° B

BT-CrylCa 20x 10°  C BT-CrylCAA 17 x 10° D BI-CrylCCA
3 Western blot 15x10° . Bar 0.2um.
Fig. 3 Western blot analysis of chimeric recombinant Bacillus
thuringiensis. M. Molecular weight markers 1.BT-CrylAa 2.BT- 2.5
CrylCa 3.BT-CCA 4.BT-CAA 5.BT-CAC 6.BT-AAC 7.BT-ACC CrylAa  CrylCa
8.BT-ACA 9.CryB. CrylCa
2.3 BT CrylAa CrylAa
2
IB G-Tris CrylCAA  CrylCCA
BT-CAA  BT-CCA CrylAa  CrylCa
BT 260 190
3~4 4~5
CrylCAA CrylCCA  Img/ml CrylCa
65kDa
2 CrylCAA CrylCCA CrylAa CrylCa

Table 2 Toxicity of CrylCAA CrylCCA CrylAa CrylCa against the first instar of Spodoptera exigua and Helicoverpa armigera
Toxicity pg/mL  95%FL

Toxin Insect species

LCso

LCo

CrylAa Spodoptera exigua

Helicoverpa armigera

336.3 247.2-514.2
4.619 3.227-6.999

2867 1481 - 8616
34.33 18.17-111.4

CrylCa Spodoptera exigua 280.7 203.3-435.8 3136 1515 - 10850
Helicoverpa armigera 5.326 3.354-9.949 79.90 29.84-745.7

CrylCAA Spodoptera exigua 1463 1014 - 2796 8164 3860 — 362910
Helicoverpa armigera 1282 872.3 - 2409 8646 3889 — 54530

CrylCCA Spodoptera exigua 479.0 351.0-719.0 5371 2673 - 17450

Helicoverpa armigera

927.3 663.5 - 1438

5124 3889 - 54530
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Domain swapping of CrylAa and CrylCa from Bacillus thuringiensis
influence crystal formation and toxicity

GUO Qing-yun' > CAI Quan-xin' HAN Bei' > YUAN Zhi-ming'"
" Wuhan Institute of Virology — Chinese Academy of Sciences Wuhan 430071  China
2 Graduate School of Chinese Academy of Sciences  Beijing 100039  China

Abstract Bacillus thuringiensis has been successfully used for agricultural pest and medical insect control with its
significant benefits based on environmental and safety considerations. However the deficiency of this pesticide such as
limited spectrum of insecticidal activity low toxicity to the targets and the inducement of insect resistance results in the
urgent need to exploit new resources of B. thuringiensis or to modify known strains by genetic engineering. In this study

six recombinant Bacillus thuringiensis BT-ACC BT-AAC BT-ACA BT-CAA BT-CCA and BT-CAC were constructed
through the domain swapping between crystal protein CrylAa and CrylCa. SDS-PAGE and Western blot revealed that
only the recombinant BT-CAA and BT-CCA produced a 135kDa chimeric protein Cryl CAA and Cryl CCA respectively

but the production level was lower than the native protein CrylAa and CrylCa. These chimeric crystal proteins could be
activated by trypsin giving a 65kDa protease-resistant core toxin as the native crystal proteins CrylAa and CrylCa.
Electron microscopy study indicated that the two chimeric proteins could be produced and accumulated as spherical or
granules crystals during sporulation of BT-CAA and BT-CCA whereas native CrylAa and CrylCa were accumulated as
bipyramidal crystals. Unexpectedly the toxicity of purified chimeric crystal proteins Cryl CAA and Cryl CCA was 3 ~ 5
times lower to Spodoptera exigua and 190 ~ 260 times lower to Helicoverpa armigera than that of native CrylAa and
CrylCa. These data suggested that the domain swapping of different crystal proteins might influence the formation and
toxicity to targets of chemeric crystal proteins.
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