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Table 1  Strains and plasmids

Strains and plasmids Characteristics Origins
Strains
XBU001 Bt acrystalliferous strain Lab Store
DHS5a E.coli strain Dr. Zhang Jian
KCTF12 XBUO0O0! containing 4.2-kb fragment of cry/A4c gene intetgrated in the chromosome This work
HTX42 XBUO001(pHTX42) Our laboratory
Plasmids
pKSV7 Temperature sensitive shuttle vector, Amp"in E.coli, Chl" in Bt Dr. Liu Gang
pHTX42 pHT304 carried 4.2-kb fragment of cryl/Ac gene Our laboratory
pKCTF12 pKSV7 carried 4.2-kb fragment of crylAc gene and 2.0-kb fragment of trigger factor gene  This work
XBU001 Bt (13] factor TF1 TF2 Sph /Sal
crylAc pHTX42 TF1 pKSV7
XBU001 HTX42!" E.coli Bt pKTF1  BamH /Sma TF2
37 30 pKTF1 pKTF12 BamH /Sal
1.1.2 Pyrobest Taq pHTX42 crylde
TaKaRa Amresco pKTF12 pKCTFI2( 1)
100 pg/mL 5 pg/mL

Sph 1 Hindll

25 pg/mL
PCR Eppendorf .
Ampr
Bio-Rad
Olympus
SPA2400 pflﬂ;zl L;Z
1.2 DNA#%{E
DNA
[14] \
Bt DNA BamH 1 " Ll
[13] trigger factor Sma 1Kpn Tge TECOR 1

: TF1-F:
ACGCGCATGCGAAAGAACATTTTAATTGC-(Sph );

TF1-R: ACGCGTCGACTAATTGGTCTTAAATCTGG(Sal
); TF2-F: ACGCGGATCCATGTACCAGAACCGATTG- 1.4 3% Bt REHFERIFIL

1 EE&FA pKCTFL12 EiZ
Fig. 1 Plasmid profile of pKCTF12.

C(BamH ); TF2-R: GCACCCGGGTGCGTATAATATTG- XBU001 “] SG

AATTAG(Sma ) (272 mmol/L 10% )

13 4 crylAc EEE SRR pKCTF12 MR 1.8kv 200Q2 25 pF 10 min
XBU001 DNA 0.8 mL LB 30 2~3 h

TF1-F/TF1-R  TF2-F/TF2-R trigger (5 pg/mL) LB 30
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PCR
5 pg/mL
LB 30 24 h 1%0
LB 42 12h
(5 pg/mL)
PCR
crylAc KCTF12
15 ERMGHNE
crylAc
XBU001 XBU001 KCTF12
LB 2%
LB 30
2h ODg00
16 EEREMAYN
KCTF12 LB 24 h
1% 6d
LB PCR
crylAc 1

1.7 EHEEH KCTF12 516, FmEE. CrylAc @ik
EARERFHEFNNE
Atomic Force Microscope AFM
65 30 min
LB 30 20 h el
2% XBU001 KCTF12 HTX42
G-Tris 171
SDS-PAGE
KCTF12

HTX42 CrylAc

(18] Probit

2 HRFHH

2.1 EHEHRKCTFI2 B9 & crylAc REHIEEME

PCR Bt XBU001
trigger factor TF1-F/TF1-R  TF2-F/
TF2-R trigger factor
pKCTF12 XBU001 42
200 143
8 PCR 5
DNA crylAc XBU001
crylAc TF1-F/TF2-R
PCR DNA 6.2 kb
XBU001 PCR
2.0 kb crylAc XBU001
trigger factor PCR KCTF12
crylAc 6d
crylAc
KCTF12
22 HERFFMHEDN
XBUO0l1  KCTF12
16h XBU0O01  KCTFI12
crylAc
XBU001

23 EMERSWE

HTX42 28h
2-A,B) HTX42

KCTF12 20h

KCTF12
HTX42
KCTF12

(1.37£0.23) umx(0.53% 0.16) pm(  2-C)

HTX42

(2.0£0.19) pmx(1.2+ 0.13) um "

B2 HTX42Ff KCTFL2 MBEZEEMBESRTHERENRE
Fig. 2 Phase-Contrast micrographs and Atomic Force micrograph of HTX42 and KCTF12. A: HTX42 (1000><); B: KCTF12 (1000<);

C: Bipyramid crystals under AFM produced by KCTF12(4500><). The arrows indicate bipyramid crystals.
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Fig. 3  Time-lapse data for spore number from XBUOOI,
KCTF12 and HTX42.
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4 KCTF12 #1 HTX42 & CrylAc BiZRix
Fig. 4 CrylAc expressed in KCTF12 and HTX42. A: Bt acrystalliferous strain XBU0O1 after 12, 24 and 48h of cultivation, respec-
tively; B: Expression of CrylAc in KCTF12 after 12, 14, 16, 18 and 20h of cultivation, respectively; C: Expression of CrylAc in
HTX42 after 18, 20, 22, 24, 26 and 28h of cultivation, respectively; D: Densitometry of CrylAc expressed in KCTF12 and HTX42.
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Site-specific integration of heterologous gene into Bacillus
thuringiensis chromosome and its expression

Ping Liu', Ligiu Xia"*, Shengbiao Hu', Li Yan', Xuezhi Ding', Youming Zhang',Ziniu Yu?

('Key Laboratory of Microbial Molecular Biology of Hunan Province, Life Science College
of Hunan Normal University, Changsha 410081, China)
(3State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [Objective] To efficiently construct resistance gene-free Bacillius thuringiensis engineered strain that can
stably express heterologous gene. [Methods] We amplified the trigger factor gene located in chromosome of XBUO0O1
strain as homologous arms and constructed an integrative plasmid pKTF12 on the basis of plasmid pKSV7, a temperature
sensitive plasmid. We also constructed a recombinant strain KCTF12 containing cry/Ac gene in its chromosome via the
integrative plasmid pKTF12. [Results] Site-specific integration of crylAc into XBUOOI chromosome did not affect its
normal growth. The crylAc gene could stably express and form bipyramid crystals in KCTF12. When compared with
HTX42 harboring a high-copy number plasmid, the recombinant strain KCTF12 has the merit of advanced sporulation and
an increase in spore number. [Conclusion] The Site-specific integration proved to be a good approach to construct resis-
tance gene-free Bacillius thuringiensis engineered strain that can stably express the heterologous gene.

Keywords: Bacillius thuringiensis; site-specific integration; homologous recombination; pKSV7; trigger factor gene;
crylAc gene
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