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430070
cry26Aal  cry284al T02 cry26Aa  cry284a
BMBI171
cry26  cry28
Q93 A 0001-6209 2005 06-0955-04
Bacillus thuringiensis Bt LB 30°C 37°C
Escherichia coli
Parasporal crystal Amp 100pg/mlL Erm 25pg/mL Neo
Spg/mL
Insecticidal crystal protein ICP Bt 1.2
Sporulation PCR 2 Pl ~ P6
cry26Aa ’ P1 1~18
Bt 5 Kpn 1 9 P
1793 ~ 1819 Xho
B. thuringiensis subsp. 1 P m
Sfinitimus serotype H, ' Graciosensts B. thuringiensis P4 4974 ~ 4950
subsp.graciosensis. serotype Heo EcoR | P5 P4 P6 6709 ~
Exosporium 6728 5 BamH 1 8
Bt P7~ P10 2840 2
P7 1~14 5
Sal 1 9 P8 2525 ~ 2553
; y Hind[ll P9 P8
5 4 P10 4944 ~ 4959
ey26Aa ery284a > T02 > BamH 1 9
T02 PCR 94°C S5min  94°C 1min 54°C 1min 72°C
T02 3min30s 5 1c 49C 30
PCR 2640 cry28Aa 72°C 10min
BMBI71 1.3
6
1 30C Solution |
1.1 100pL 10pL, 50mg/mlL
1 T02 1h Solution [[
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Table 1 ~ The bacteria and plasmids used in this work
Strain/plasmid Characteristics Reference or source
Strain
E. coli DH5a supFA4AlacU169 D8O lacZAMIS  hsdR17 recAl Stored in this lab

Bacillus thuringiensis T02
Bacillus thuringiensis BMB171

end Al gyrA96 thi —1 rel Al

Crystal minus mutant of YBT — 1463

Stored in this lab
Stored in this lab 3

Bacillus thuringiensis BMB0108 BMBI171 derivative with plasmid pBMBO108 This work
Bacillus thuringiensis BMB0109 BMBI171 derivative with plasmid pBMB0O109 This work
Bacillus thuringiensis BMBO110 BMBI171 derivative with plasmid pBMB0108 and pBMB0109 This work
Plasmid
pBluescript Amp"  3.0kb Stored in this lab
pBE2 Shuttle vector ~ Amp® Neo® 6.2kb Stored in this lab *
pHT315 Shuttle vector Amp" Erm" 6.6kb Stored in this lab °
pBMBO0105 6.7kb Kpn I — BamH 1 fragment containing full This work
cry26Aa gene in pBluescript
pBMB0108 6.7kb Kpn | — BamH | fragment containing full This work
cry26Aa gene in pHT315
pBMBO0106 4.9kb Sal | - BamH 1 fragment containing full This work
cry28Aa gene in pBluescript
pBMB0109 4.9kb Sal | - BamH 1 fragment containing full This work
cry28Aa gene in pBE2
2 PCR
Table 2 Primers and amplified products of PCR
Primers Sequences Products
P1 5" = TCT GGTACCGATCCAGCCGCTTCTGTT - 3’ 1.8kD fragment
P2 5" — ACATCTGTATACACTT CTCGAGTAAGC - 3’ ry26Aa gene
P3 5" = CTTA CTCGAGAAGTGTATACAGATG - 3’ 3.2kb fragment
P4 5" — GTAAAA GAATTCGACTGTACCAAGC - 3’ cry26Aa gene
P5 5" = GCTTGGTACAGTC GAATTCTTTITAC - 3’ 1.7kb fragment
P6 5" — ATA GGATCCGTTAGATGCTTCAGGGATA - 3’ cry26Aa gene
P7 5" — TCT GTCGACGATCGGCCGAATCG - 3’ 2.5kb fragment
P8 5" — AGTAACTTCGT AAGCTTTTACCAATGGGA — 3’ cry284a gene
P9 5" - TCCCATTGGTAA AAGCTTACGAAGT -3 2.4kb fragment
P10 5 — TCT GGATCCGATCAAAAAGAAATTC - 3’ ay284a gene
The restriction sites included in the oligonucleotide sequences for use during the cloning experiences —are underlined.
1.4 4.6kb 897 ~ 4388bp 1129 ~ 4458bp
7 T02 cry26Aal 3 PCR
1.5 SDS-PAGE pBluescript 3
Bt ICPM 0.6% 0.5% pBluescript
CaCO; 0.1% MgSO, 0.05% ~ 0.1% KH,PO, 0.05% E . coli DH5a pBMB0105 cry28Aal
pH 7.0 Bt
SDS-PAGE pBluescript pBMB0106
1.6 2.2 cry26Aa  cry28Aa
9
5 pBMB0105 6.7kb cry26
pHT315 Kpn 1/
2.1 cry26Aa  cry28Aa BamH | pBMB0108 pBMB0106
cry26Aal  cry284al 4.6kb cry28

6.7kb

am H

oBE2  Sal | /BamH T
© PERFRMEDH RIS HEE http://journals. im ac.cn



2005 Vol.45 No.6 cry26Aa cry28Aa 957
pBMB0109 BMBI171
2.2.1 cry26 cry28 BMBI171
pBMB0108  pBMBO0109
BMBI71 BMB0108 BMB0109 Bt B. subulis
pBMB0108  pBMB0109 BMBI171 6 o
BMBO110 BMB0108  BMB0109 o d" 4
BMBO110  ICPM 36h o ¢ o o
1 cry26  cry28 10 Bt
BMBI171 ery26  cry28 s o
! cry26  cry28
SDS- Bt
PAGE
=
cry26 cry28 BMB171
T02
A T02
1 BMB0108 A BMB0109 B BMB0110 C
Fig.1 Photograph of parasporal bodies and spores of transformants PR ey ey
BMB0108 A BMB0109 B and BMBO110 C
2.2.2 1213
cry26 cry28 BMB171
BMB171
BMB0110
2

2 BMB0108 BMB0109 BMB0110

Fig.2  Thin section of the spores and crystals of transformants
BMB0108 BMB0109 and BMBO110 under transmission electron
microscopy CY crystals EX  exosporium Bar=0.5pm

A The inclusion was free of the exosporium in BMBO108 B The
inclusion was free of the exosporium in BMBO109 C One inclusion was
free of the exosporium and another was enclosed by the exosporium in

BMBO110.
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Co-expression of crystal protein gene cry26Aa and cry28Aa has an ability to form parasporal
crystal inside exosporium in Bacillus thuringiensis subsp. finitimus

ZHANG Rui ZHAO Chang-ming ~ YU Zi-niu SUN Ming"
College of Life Science and Technology  State Key Laboratory of Agricultural Microbiology
Huazhong Agricultural University ~ Wuhan 430070  China

Abstract Parasporal crystal in Bacillus thuringiensis subsp. finitimusTO2 forms within the exosporium and remains
attached to the spore after mother cell lysis  which leads to spore-crystal connection. According to the crystal protein gene
sequence in B. thuringiensis subsp. finitimus cry26 and cry28 were cloned from strain TO2 by PCR amplification and
transformed into the crystal negative Bacillus thuringiensis strain BMB171 by shuttle vectors alone or in combination
together. Crystal can be observed inside of exosporium when co-expression of these two genes. But crystal mainly formed
outside of exosporium when they expressed alone. This suggests interaction between of the two crystal proteins may be

involved in enclosure.

Key words Bacillus thuringiensis Exosporium Spore-crystal connection ¢ry26  cry28
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