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Escherchia coli Bt
1
1.1
1.1.1 1
1.1.2 LB SOB Maniatis ' Bs MBS
Kalfon "' MU 7.5g MgSO; 7H,0 123mg NaH,PO, 6.8g MnSOy
H,O 1.7mg 7ZnSO; 7H,O 14mg Fe, SO; 320mg CaCLH,0O 147mg 1000mL
pH7.4 1% 50pg mL
12.5pg mL
1
Table 1 Strains and plasmid used in this study
Strain and plasmid Genetypes and characteristics Souce
Strain
Bacillus sphaericus C3-41 Wide type
B. thuringiensis subsp. Cry~ Dr. Deleculse A 2

Israelensis 4Q2-81

E. coli ]M110 galk galT ara tonA thr tsxA lac-proAB F

E. coli DHS5a supE44 AlacU169 ¢801acZAMIS hsdR17

recAl endAl gyrA96 relAl
Plasmid

pBU4 Ap T Dr. Deleculse A 12
1.2
1.2.1 DNA Bs  DNA bourgouin 13

DNA DNA
Maniatis ~ 1°
Genset Paris France PCR 95C 5 min
94°C 1 min 42C 1 min 72C 2 min 25 Genclean Kit
Promega
1.2.2 Maniatis ' Bs  DNA
HindIII HindIII DNA
DNA 10% ~40%
DNA Southern
HindIII pBU4
E. coli DH5a X-gal IPTG LB
PCR

1.2.3 Br Br4Q2-81 Heierson 14
50mLLB 30C ODygs0=1
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4mL  40%PEG6000 200mL 5~15pg DNA
Bio-Rad Gene Pulser LB 10 37C 1.5h
LB 48h
1.2.4 Bt 1000mL MU
28T 12 000r min 30min Imol L NaCl
20mL 0.1mol L
PMSF Branson Sonifer 4 min
67% 72% 79%
-20C
1.2.5 G-41 MBS E. coli
LB Bt MU
Imol L NaCl 1h 0.05mol L NaOH
30C 1h 1mol L HCI 0.1mol L pHS8. 0
Bradford
SDS-PAGE SDS-PAGE
ECL Western Blotting Kit Amersham
41.9  51.4kD 2362
1.2.6 Culex pipiens
SPHAE 3~4
LCsy LCyg Thiery P

2362 3.5kb HindIII
1483~1501  2572~2593 BS-1 5
GCT AAA TAG GCC TTT ATC CC BS-2 5° CCG AAA CCA TTA TAC ATG GG
2362  DNA PCR 1.1kb  DNA P ATP
Southern
C5-41 DNA 1.0~8.0kb DNA 1.1kb
3.5kb HindIII DNA 10% ~40%
DNA Eppendorf
0.5ml Southern HindIII
pBU4 E. coli DH5a LB
37C 12h 432 Southern E-
CW-1 HindIII Kpnl EcoRI EcoRV Sphl Xball  AllIII
pCW1 LacZ 1
HindIII pCW1 3.5kb DNA pBU4
E. coli DHSa
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78.26% 11.74%
pCW2 LacZ 1
H K A E VX v H
v —— — |
- _— —_—
LacZ 51.4kD 41.9kD
H KA E VX V. m
o — —
LacZ 51.4kD 41.9kD
1 pCW1  pCW2

Fig. 1 Restriction maps of the recombinant plasmids pCW1 and pCW2
The HindIII DNA fragment containing the 41.9 and 51.4kD protein genes of B. sphaericus
was inserted in vector pBU4 at the HindIII site of multiple cloning site MCS
H HindIII K Kpnl A AflIIl E EcoRI V EcoRV X Xbal S Sphl.
2.2 3.5kb HindIII

DNA Pharmacia T DNA
G541 HindIII 3479 DNA Strider
2362
3.5kb HindIII DNA 99.9%
2.3 Bt
Bt pCW1  pCW2 E. coli JM110
Br 4Q2-81
LB 48h PCR
Southern Bt Bt 10°~10° g
4Q2-81 pCW1  pCW2 B-CW-1
B-CW-2 Bt
pCW1  4Q2-81 pCW2
2.4
12%  SDS-PAGE Cs-41 E. coli E-CW-1 E-CW-=2 Bt
B-CW-1 B-CW-2 pBU4  E.coli E-pBU4  4Q2-81 B-pBU4
Bt 2
B-CW-1 B-CW-2 Bs
51.4  41.9kD E-CW-1 E-CW-=2
E-pBU4  B-pBU4 20 000 41.9  51.4kD
Western Blotting E-pBU4  B-pBU4
Cs-41
E. coli
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51.4kD
41.9kD

51.4kD
41.9kD &

2 B.sphaericus C5-41 SDS-PAGE  Western Blotting
A SDS-PAGE B Western Blotting
Fig. 2 Protein analysis of the transformants of E. coli and B. thuringiensis
expressing the B. sphaericus crystal proteins
M. Marker lane a b.Purified crystal of B-CW-2 and B-CW-1 lane ¢ d e f g h i Alkali-solubilized
toxins of B-CW-2 B-CW-1 B-pBU4 E-CW-2 E-CW-1 E-pBU4 and C;-41 respectively

2.5
Cs-41
E.coli  Br 4Q2-81
E. coli 4Q2-
81 Bs LGy 1.5X%
10°° pCW1
pCW2 E-CW-1 B-CW-1
LCs 1.619x10°* 1.834x10°° ECW-2 BCW-2 LCs 2.765 X
10°% 3.262x10°3
3
G-41 Aedes spp.
2362

41.9

. 51.4kD
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2362 1593  2317-3
2362 1593 2317-3'  Bs

2 *
Table 2 Toxicity of B. sphaericus and different recombinants against

susceptible and resistant mosquito larvae

Strains Types of Culex pipiens Susceptible Culex pipiens Resistant
samples LC50° " LC90 "~ LC50" LC90™ "
B.s C3-41 FWC 1.266x10°° 4.854x10°° >107! >10"!
E-pBU4 FWC >10""! >10""! >10"! >10"!
E-CW-1 FWC 1.619x10* 5.742x10°* >10"! >10"!
E-CW-2 FWC 2.765x10°* 9.165x 10 * >101 >10"!
B-pBU4 FWC >10""! >10°" >10"! >10"!
B-CW-1 FWC 1.834x10 ¢ 5.741x10°°¢ >10! >10 !
B-CW-1 cry 1.123ng 9.372ng >140pg >140pg
B-CW-2 FWC 3.262x10°° 1.148x10°4 >10"! >10"!

FWC Final whole cultures Cry Purified crystal from B-CW-1 * Results recorded at 48h * * LCs, andLLCy are caculated as

FWC dilution and ng ml or pg ml of crystal protein.

E.coli Bt E. coli

Western Blotting
pBU4 EcoO109 pUC19 EcoRI pBC16-1
Bt 13 pCW-1  pCW-1
4Q2-81 Bs
E-CW-1 B-CW-1
LacZ
Bourgouin ?
LacZ
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CLONING AND EXPRESSION OF THE BINARY TOXIN GENES
OF BACILLUS SPHAERICUS C;-41 IN A CRYSTAL MINUS
B . THURINGIENSIS SUBSP. ISRAELENSIS
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Abstract  Bacillus sphearicus Cs-41  belonging to serotype H5a5b is ahighly toxic strain isolated
from a mosquito-breeding site in China. It has been shown that it had a higher toxicity against
Culex spp. than the reference strain 2362 at the laboratory and field conditions. Using synthetic
oligonucleotides designed on the basis of the binary toxin gene sequence of 2362 a 1.1kb DNA frag-
ment was produced and the genetic library was prepared from a HindIII digest of total DNA from C;-
41. One colony containing the 3. 5kb HindIII fragment was selected for further studies. Sequence
analysis revealed that this 3. 5kb Hind DNA fragment was composed of 3479 nucleitic adids and the
sequence of the binary toxin gene of C;-41 is completely identical to that of strain 2362. The toxin
genes have been transfered into a nontoxic crystal-minus strain of Bacillus thuringiensis subsp. is-
raelensis. The recombinant strains could express the binary toxin of B. sphaericus as crystaline
structures during their sporulation. The expressiion products of the recombinants have a highly toxi-
city to susceptible Culex pipiens subsp. quinquefasciatus and no toxicity to resistant larvae Culex
pipiens subsp. pipiens {from France.

Key words  Bacillus sphearicus Bacillus thuringiensis subsp. israelensis Mosquito-larvicidal

toxicity DBinary toxin gene
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