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 E: [8¢):@3 k4 crylA. cry3A. cryd4A f= cry8E WANKE 69 B 3h T F M,
Wl — ANk BT, AR R BT HE—A 7 =4 % I # (Bacillus thuringiensis, & 4R
Byg sk A B, [FE] FIH BT ks lacZ HARNT 4 B3 Fo9dek &M, @
AR AT RMEIR R, SDS-PAGE. & & 2 & o d & Ml 2 5 7 k3t 3 & 5 3k
BRBARATHRRIRIE. (42 M T PerylA. Pcry3A. PcrydA #= Pcry8E 4 A~ & 2 T &k
S REARE lacz R ZEBAIR, 2 B-FIMEFEEFMSATF4, BT EHMKZIRIRA
2 Pcry8E>PcrylA>PcrydA>Pcry3A. 3R cry8E B 3h-F, vA pHT315 4k A A sk 3 4k 22 7
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Abstract: [Objective] To construct a vector for high-level expression of cry genes in Bacillus
thuringiensis, a strong promoter was screened by comparing the transcriptional activities
among crylA, cry3A, cry4A and cry8E promoters. [Methods] The transcriptional activities of
the four promoters were detected by fusing with lacZ gene. Scanning electron microscopy was
used to detect the abilities of crystal protein formation. SDS-PAGE, protein quantitation and
bioassay were performed for the functional verification of the high-level expression vector.
[Results] The four promoters PcrylA, Pcry3A, Pcry4A and Pcry8E were fused with lacZ report
gene. Beta-galactosidase assay showed that the activities of the four promoters were, in de-
creasing order, Pcry8E>PcrylA>Pcry4A>Pcry3A. The cry8E promoter was selected to con-
struct the high-level expression vector pHT315-8E21b based on plasmid pHT315. crylAc gene
was inserted into both pHT315-8E21b and the widely used plasmid pSXY-422b which was
initiated by cry3A gene promoter, respectively. The two expression plasmids were introduced
into the acrystalliferous mutants HD-73", and HD-8E1Ac and HD-422-1Ac strains were ob-
tained. HD-8E1Ac and HD-422-1Ac strains CrylAc protein was observed by scanning elec-
tron microscopy, the results indicated that HD-8E1Ac strain produce diamond crystals com-
pared with HD-73". SDS-PAGE and protein quantitation analysis showed that the expression
of crylAc gene is significantly increased in HD-8E1Ac compared with that in HD-422-1Ac.
Bioassay results showed that HD-8EL1Ac possesses much higher toxic against Plutella xylos-
tella compared with HD-422-1Ac. [Conclusion] The high-level expression vector
pHT315-8E21b initiated by cry8E gene promoter has the ability to express CrylAc correctly. It
has higher efficiency of expressing insecticidal crystal protein compared with the widely used
plasmid pSXY-422b.

Keywords: Bacillus thuringiensis, cry8E promoter, cry3A promoter, Expression vector
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T4 A AT (Bacillus thuringiensis, fRiFR
Bt) & —Fh) A7 T H P A 4T, T LigE
A KR AT W ZE I, IR 7E B A R S A,
A AR S LA R R AR L (UK 8-
FEZ)H cry Ml oyt JERGiid, HA RS MR S
PEM L ZFh B 7= 5l B FH T AR Ml 3 s R T A 5 oy
B RIBAR, ARAE cry R Ik iR po R AT
DK HAT P, ZEMEARHEEY cry JEPI AN crylA .
cry2A. crydA. crydB Fil cryllA 45, FIAHKH2E
IR cry ZEPan cry3ABT iR [FIHLE]H
HIF T BRI SRR, a0 erylAc JA 3+ b E
SIS Bt I Fl Btll, —# 9 o Fil of
JPEEL oryaA AR EBIUS 3h T pl M p2, 1eid
W23 o P R FAE Y ory8E RN
H LI orfl ZER LR T T 5%, 19T
FI AR S22 o7 A o M cry3A
FWENITF I 263k, 28 o B, i sigk 3L
IHBEMITER A FIT ory3A J5 8 T7E 7= I s W (5%
A cry BN BT AL AR TRt T
HEIVE 5 SR o, RS N B AR I S i F A
FRBARH T LA = HRTEHGE 1) Bt %1k
#HIKEZAH pBMBLA, pEMB0557, pSXY-422b
Ml pSTK-3A . pBMBLA & UL Ik # Il # {K
pHT3048 35l crylAc JE i FH8 Sk %
REkiR, AT YU R AR FZERIE) Cry &
10 pEMBO0557 7] IZR4N 2 /0 70 kb 1) DNA K-
B, W] T o B e R R ) i PR 3 PR A ),
PSXY-422b Fll pSTK-3A & DL i ¥ I % {4
pHT315MDhSERE, cry3A JH3h T8 SR M ERE
AR, HA B AR Wang 45 K 4 i
cry3Aa7 [ () pSTK-3A #E 4L % i H % e
TESTAEP A R VR GO3 H, A5 SIS H A H
E A AR 7 7 ) TR GO33AM, an %54
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HEHT cry3Aa7 HE A Y pSTK-3A F4 Ak I w5t =5 2
JIMEP A TR R HBF-1 v, 453 TR Ak 3A-HBF,
HORAO e Je I s 2 g, T LA 3eAs %o it
HURLE AR R DR 5 = & 2 AP R A
i AR Y R AR B g5 R, iR — iR
A RBAHENEN, ATRREEANE, N
77 5 7o B B A O B A T P20 AR S i
FeXt crylA. cry3A. crydA Fi cry8E 4 Fi A [RIHL
il cry LS shFmy s v, SHREE s+, It
FIH 58 5 3 F A — > AT 7E Bt = 3R TR 1 4%
T, TTSEBR B R 3R s, A E bt
Tl B A T 1 Y I 2 4 2 AT TR TR TR 2
A

1 WEE

1.1 ##l

111 E#k. BRRFEFRE: AL HERS
R ILZE 1., KB (Eschrichia coli) ] LB 1535
SRS Bt FH SSM 8535 3L R AR B 3 30)
AR,

1.1.2  FERF: Taq DNA BETHG [ 1857154
Wi RS PrimerSTAR HS DNA 54 . Bl
PEUIEG . T4 DNA #4£H§/ DNA Blunting Kit
B A S A TROKE)ABRAF]; PCR 4ifkid
F & | AXYGEN 23 #]; Pierce® 660 nm Protein
Assay iA 7] &g H Thermo Scientific A F]; H =R
D H T A B R A R A BR T AR A F
G250 14 H Bio-Rad /A7

1.1.3 SI¥MIERERFHINE: RHE GenBank H
HD-73%3  Bt22% | 4Q2-721 | Bt185™ bk Al
FPHNHS 19, 51T E 2, 5106
B A T A TR R SERR, U TAEH 48
RIEH TE R
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Table 1 Strains and plasmids

BHRAITOR: e SR
Strains and plasmids Characterization Resource
Strains

ool [P () O e L et O T o T S g
ol SOS110 o T oAB) [ raD36 proAd e gaMs] o Sttagene
HD-73 Bt strain carrying crylAc gene [22]

Bt22 Bt strain carrying cry3A gene [23]
4Q2-72 Bt strain carrying cry4A, cry4B, cryllA, cytA gene [24]
Bt185 Bt strain carrying cry8E and cry8F gene [25]
HD-73~ Acrystalliferous mutant of Bt HD-73 strain [26]
HDLPcrylAc HD-73" strain containing plasmid pHTlacPcrylAc This study
HDLPcry3A HD-73 strain containing plasmid pHTlacPcry3A This study
HDLPcry8E HD-73" strain containing plasmid pHTlacPcry8E This study
HDpHTlac HD-73" strain containing plasmid pHTlac This study
HD-8E1Ac HD-73" strain containing plasmid pHT315-8E-1Ac This study
HD-422-1Ac HD-73" strain containing plasmid pHT315-422-1Ac This study

Plasmids

pHT304-18Z Amp', Erm', E. coli-Bt shuttle vector [27]
pHT315 Amp', Erm', E. coli-Bt shuttle vector [13]
pHTlac Promoterless lacZ vector, Ery’, Amp" This study
pHTlacPcrylAc pHTlac carrying crylAc promoter This study
pHTlacPcry3A pHTIac carrying cry3A promoter This study
pHTlacPcry4A pHTIac carrying cry4A promoter This study
pHTlacLPcry8E pHTlac carrying cry8E promoter This study
pET-21b Containing ampicillin resistance gene Novagen
PHT315-8E21b ?S;%éﬁzrlr}éing cry8E promoter and multiple clone sites (MCS) This study
DSXY-422b ?rlc-)lr?;é _Igz;r?éing cry3A promoter and multiple clone sites (MCS) [16]
pHT315-8E-1Ac pHT315-8E21b containing crylAc gene This study
pSXY-422h-1Ac pSXY-422h containing crylAc gene This study

http://journals.im.ac.cn/wswxtbcn
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#2 3l19FE3
Table 2 Primers and sequences
EIEZEAi 52 O R
Primer name Sequences (5'—3’) Restriction site
LacZ5’ AACTGCAGGCTTGAATTGATACACTAATGCTTTTAT Pst [
Lacz3' CCCAAGCTTTATTTTTGACACCAGACCAACTG Hind IIT
LP1Ac5’ GGGGTACCATTCAAGGTGAATTGCAGGTAAATG Kpn I
LP1Ac3’ GCTCTAGAAGTTACCTCCATCTCTTTTATTAAGAT Xba I
LP3A5’ GGGGTACCGGGAGCTTAATTAAAGATAATATCTTTG Kpn I
LP3A3' GCTCTAGATTTTCTTCCTCCCTTTCTTATCAT Xba |
LP4A5’ GGGGTACCAAGGTCAACTCAAATTAAGGGCAC Kpn I
LP4A3' GCTCTAGAATTTGTTCCTCCCATACTCAATTTAGAT Xba |
LPorf15’ GGGGTACCAATGCACCTCCAATTGTTAATTATGT Kpn I
LP8E3’ GCTCTAGACTATTTTCCTCCTATACATACACAAGAT Xba [
8E-up TCCCCCGGGAATGCACCTCCAATTGTTAATTATGTGTC Sma [
8E-down ACCAGTCATGCTAGCCATCTATTTTCCTCCTATACA
21b-up TGTATAGGAGGAAAATAGATGGCTAGCATGACTGGT
21b-down TCCCCCGGGCAAAAAACCCCTCAAGACCC Sma |
1Ac-up CGCGGATCCGATGGATAACAATCCGAACATCAATG BamH [
1Ac-down ACGCGTCGACCTATTCCTCCATAAGGAGTAATTCC Sal I

1.1.4 KRB H: A/ (Plutella xylostella)
HEFT A& B AR TR PRI o /NS e AR S35
E Y NARGE
1.2 HERIEFREG

D& HMFTHAE 30 °C B53%, FRIREEHE N
220 r/min; ZLEE R HWE N 5 mo/L. KIHATFH
E. coli IM110, SCS110 7 37 °C ¥53%, HEIRFLH
4220 rimin, Z&RRERMHIHE DY 100 mg/L .
1.3 DNA#4E. ¥k, PCR

KIGFFRE BRI EEEL . 54k R DNA Bl
b2 B SCRR[28] . Bt A DNA YRS H i34k
ZHOCHR[29] KPR dmAbF- DL K B B Beiy %
$:% % TaKaRa DNA Blunting Kit i35,
14 B-FFVEEHESEMSES T

LR SR NE R 7 0 | E 2N | R EEA =4 gt
SSM KEFEdtrr, 30 °C. 220 r/imin JRIZHHEFE, M

http://journals.im.ac.cn/wswxtbcn

To (RS BUAE K04 B 45 A AR 0k A RS 2 Y
B[] ) BUEE 2 Ty, (ToJi 12 h), AR/NEFHURE—IK,
FRRIBRE 2 mL, 12 000xg BS.00F B i, e
B F-20 °C {17, B-2PFLBE T B s M k3
FESCHR[30], FRH A k1T 3 sy B A, B
FHIE
15 HHRESNER

4399 FHOG 2% 08 A A 7l G B L 4%
Bt PR iR B AR B . JttE BRI
P WA MOR AW SR TR R I, BEEH
FORIRAZ LT YD 3 min, /KL, 100x3h4EEE
o PSRBT IR A ROE TR A
I, WA, T, BT mE4 (2 nm), Hi-
tachi S-4800 F## FLARHEA T LS FIHARE
16 EMFTERARAERENSHT

W& BERRIERN T SSM 85353 220 r/min,



EEE IR 2 MU T S AR R AR A

355

30 °C }53%, 1EHIARZL#AT 8 000xg B5.C» 15 min
WO A ZEIIR 59, VR T 24 ho BGE & TR
#, HET 0.05 mol/L Tris-HCI (pH 8.0)4 . Hiid
AR T SDS-PAGE [ Buffer /1, &
10 min, 12 000xg #.t», Li& M Pierce® 660 nm
Protein Assay Kit 7 BEAHNE R, HiESIL
Pierce® 660 nm Protein Assay Kit Uil 45, %%
FES DRE RS B T B R R
SDS-PAGE il 45 BRIk A AR ER T P i,
%S IOCER[31]
1.7 CrylAc EH&MEMERINE

W B FRE SR RS R B, 43 TR ATk
PEAY, ARRNL AL, AN TR G4, 48 h i
AL, T 3 Yoy AR, TR BTk
FE (LCs0)*,

2 iR

21 RBIFERIENESTEEREE

AT H#E erylAc, cry3A. crydA il cry8E
e 807 IS s 1, B T R DL S
MM ak Ak pHTlac, LAGRL pHT304-18Z AidR,
H5190%F LacZs'ILacZ3' P 1i3kAs lacZ FEH A EL,

pHTlac (9.6 kb)

[ orit030
1kb

ermC bla

Zeat Hind T, Pst T XUEVIG, A S48 DR
pHT315 HAHR A 52, FRIFBRE pHTlac (1 1), &
PCR ¥ 44 . BDI S v, iEIMEIER . 2
JERET 4 FGsh 5 lacz ERMELA F IR
o 2L HD-73 K& DNA S5 144
LP1ACS'/LP1AC3 ¥ 1 crylAc FL[H ATG [
382 bp MG s FF51; LA Bt22 BFkE DNA At
M, LP3AS'/LP3A3 N5 |4 4 cry3A [ ATG
1 570 bp WESI TR Ll 4QZ-72 Hikk AL
DNA FHit, LPAAS/LPAA3 Jol 4 1 crydA
KX ATG L 826 bp WJEzhF¥%1; Lk Bt185
PFIFE B DNA AR, LPorf15'/LPSE3 A5 | #f 1
cry8E A ATG [-37 1 352 bp IS 8 T1F%1, LA
LR+ R By i 2 BRI N YD Kpn T AN
Xba I XUEHI)E, A pHTlac ARz 5, 3K45
it B pHTlacPcrylAc pHTlacPcry3A
pHTlacPcry4A Fi pHTlacLPcry8E, 4 /> 4H Jfiki
2 PCR ¥4 . Y] S S5 5, UFRHA A IE A .
P4 S IR ) SR AN BB 28R pHTlac F4 b Te i
K945k HD-737, 45145 8| H#k HDLPcrylAc,
HDLPcry3A . HDLPcry4A . HDLPcry8E #l
HDpHTIac.

pHTIacPaylAc Xba 1 L Kpn 1
Pery3A
PHTIAPayIA PYS ——— N—
Pery4A
pHTIacPay4A Xba 1 a—— K T
LPcry3E
pHTlacLPaySE Xba 1 — Kpn 1

1 AEcry BEERBHFE lacZ Bia Rk FRHIGEREE
Fig. 1 Construction of the different cry gene promoters with lacZ gene

http://journals.im.ac.cn/wswxtbcn
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22 BIFEREESR

Fi#k HDLPcrylAc HDLPcry3A .HDLPcry4A
H1 HDLPcry8E 7& SSM 15 32 5 rh b 4T B-2 LA
BEIEPESHT, iRl L4 b sl SRR (I 2), 16
SSM 5553, PerylA 1 PerydA 3T T, I
WA TG, PorylA M T, 3 To WG ERFLL T,
PcrydA 7F T Bhifi ik El iz i=5; Pcry8E Fil Pery3A
M To oA WP, To %) T 2Z[H], Pery3A J% PERS =

F Pcry8E, T J& Pery8E {i LI if 5 Pery3A, it
A M), Pery8E . PerylA 5 PerydA 1& 4
BRMRBEHE R, 110 Pery3A LB N 2% . 45 3%
& pHTlac HYFESRIEMEARIR. DL 45 RIS 3
5 SR M R B A Pery8E>PerylA>
PcrydA>Pcry3A, Horhr, Ak d i Wt o 15 20 FE £
fiik 5 000 Miller units, W7 s )5 % B 5k
20 000 Miller units,

160000
140000 [ —2&— HDLPerylAc
120 000 L —&— HDLPcry3A
100 000 B —&— HDLPcry4A
—~ 80000 | —#&— HDLPcryS8E
€ 60000 —O— HDpHTlac
5 40000
= A
< 1
Z 20000
8
[}
2
S 15000 |
8
g
g 10000 ¢
(<=}
5000 |
0 1
0 2 4 6 8 10
T,

2 A[E cry ZEBHFEREME LR

Fig. 2 B-Galactosidase assay of different cry gene promoters

2.3 cry8E B FESHNFRFTIEHAIIE

35 B SIS R A AT, A B EE I
cry8E LR JE il P Eem, IR BGZ)E 30
FAY R R FER IR L) Bt185 FkSLH 4] DNA
AR, FHE 4% 8E-up/8E-down #1¥ cry8E
a3 7751, KA 1352 bp; LLRIAH A
FBHAK pET-21b Jki Ky Btk , JH 519 xF
21b-up/21b-down ¥ 3445 2| JCk 3l F 1 pET-21b

http://journals.im.ac.cn/wswxtbcn

FERIKHBE, K/NR 213 bp, H £ rakes
R N EIR PCR 724, DA REAR, HI5149)
8E-up # 21b-down #47HEZ PCR, 3k4% cry8E At
KA 35 F1 pET-21b FIkIX Ay H S B 8E-21b,
K/INA 1565 bp., 8E-21b 2 Sma [ ], i ASHR
# 4K pHT315 2 EcoR [ /Hind TG 34N
I, SRR, s pHT315-8E21b,

ERURL A cry8E B+ Z5ekEfi s ) T7
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ZObF, PEEE A 3 PR
2.4 HD-8E1AcC E#k R IAFL S ER

LI HD-73 W#RFEEF L DNA MiAR, 514
1Ac-up Fll 1Ac-down BCXf 4 34K /INR 3 537 bp 1
crylAc M, 4 BamH [ #1 Sal [ XUEVI G, S A
pHT315-8E21b AY BamH I il Sal I {7 5.2 /6], 15
F|HEH Foki pHT315-8E-1Ac, £ SCS110 rhZ:H

pHT315-8E21b (8 kb)

placZ

[ ori1030
1kb ermC bla

Pery8E

SAbIG, ¥4k HD-73 JCAMMARSASRE, Frfs stk
%5 HD-8E1Ac., VU & Ttk HD-73 A%t e, 7l
FH SSM 15 F: 5L 5% HD-8E1AC, 2 4 K &R 4324
i, & H MR B R W k(K 4),
HD-8E1Ac WIPE T LIE R IE Mk, 1 HD-73 14
PR R UL 5 B 2R E R R AE R, Ul
pHT315-8E21b # A H] L IEAf#ik crylAc JEA

oL

S
r
o

His Tag

T7 Terminator
MCS

cry8E promoter T7 Tag
AATGCACCTCCAATTG - TGTATAGGAGGAAAATAGATGGCTAGCATGACTGGTGGACAGCAAATG
RBS Met Ala Ser Met Thr Gly Gly Gln  Gln Met
BamHI EcoR1  Sacl Sall HindIII Not1 Xto 1 His-Tag

GGTCGGGATCCGAATTCGAGCTCCGTCGACAAGCTTGCGGCCUGCACTCGAG CACCACCACCACCACCAC

Gly Arg Asp Pro Asn Ser Ser Ser Val

Asp Lys Leu Ala Ala Ala Lew Glu His His

His His His His

TGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAA

T7 Terminator

CTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTG

Bl 3 pHT315-8E21b KIRIEX FFI RS
Fig. 3 Expression region of pHT315-8E21b

S-4800 10.0kV x10.0k SE(M) 11/2/2011 15:35 5.00um

Spore

o ¥

S-4800 10.0kV x10.0k SE(M) 11/2/2011 14:24 5.00um

4 TE#E HD-737#1 HD-8E1AC B33 BB M ER 45 5
Fig. 4 Scanning electron microscopy observation of strain HD-73" and HD-8E1Ac
Note: A: HD-737; B: HD-8E1Ac; The HD-8E1Ac strain produce diamond crystals compared with HD-73".
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2.5 pHT315-8E21b FHiAF X E AT

[ 2.4 751, ¥ crylAc B ST 2 Y
A ery3A LN G B 1 FRA Bk pSXY-422b
B FEHFHR pSXY-422b-1Ac, EFRALG,
& HD-73 JCanik 548 bk, 159 3 1Y T kA 44 A
HD-422-1Ac, it xfH pHT315-8E21b A
pSXY-422b Wi#fARIEN) CrylAc &/ ht, Xf
BRI AT R BORI VAL o DAJG R 2848 Bk
HD-73 XM, FIH SSM ¥ 3 85 5%
HD-422-1Ac Hil HD-8E1Ac % 4l ifl 58 4 %L f#
HD-422-1Ac kT 24 h5¢ %44, 1 HD-8E1Ac
T2 30 h, M3 SDS-PAGE 43 Hr Xt e bk 235
CrylAc WJr=fx, L HERT, RHAI Pierce® 660 nm
Protein Assay Kit 735%f =% FRERA WIS
EHM T ERE, W AR REA SRS
FTHME, M 5 AIEIE R HD-422-1Ac Al
HD-8E1Ac #4174 2] 130 kD 1 CrylAc &,
MEEA S —FEO T, #id Quantity One
e 5501, HD-8ELAC HREFT A% CrylAc
FHZh HD-422-1Ac 1 4 %, i8] pHT315-

<

NI

. ; \at
& > 'Q()’ fb{()\
‘29 kD

5 HD-422-1Ac. HD-8E-1Ac E#k CrylAc A/
SDS-PAGE 4

Fig. 5 SDS-PAGE analysis of CrylAc protein initiated
by HD-422-1Ac and HD-8E-1Ac

Note: Marker: Bio-Rad SDS-PAGE molecular weight standards
high range marker; HD-8E1Ac and HD-422-1Ac strains both
produced 130 kD Cry1Ac protein compared with HD-73" strain.
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8E21b #AAXT Cry HE MM RIEMFY W& T
pSXY-422b.,

2.6 E#k HD-8E1Ac #1 HD-422-1Ac BY 3 H3E
4% Pb 3%

TRk HD-422-1Ac 1 HD-8E1AC #4144
TEPENE, DTG ARSE AR /R HD-73  BIPEXT Y,
HD-73 B AL BHPEX IR, 25 R EIAGR 3), T
MR ARk HD-73 JGiG %, HD-8E-1Ac B Hk™
A1) CrylAc & X /N E A 6P, LCs N
0.055 61 mg/g, 5 HD-73 A= RITEEARL, 2904
HD-422-1Ac T #% LCso ) 1/5, TEFA T #k HD-8ELAC
H A S TE L RR HD-422-1Ac BO& TR, Frbd
IAA W P 1 fR B UL pHT315-8E21b ZR {4 X}
Cry &I FRIBIBERE T pSXY-422b,

# 3 HE#k HD-422-1Ac #1 HD-8E1AC
¥ o)\ wd A9 H N E

Table 3 Toxicity of strain HD-422-1Ac and
HD-8E1Ac against Plutella xylostella

FEA AT E 95% {7 X [H]

Sample LCs (Mmg/g) 95% confidence
HD-73" NA NA
HD-73 0.041 49 0.028 36-0.057 57
HD-422-1Ac 0.311 80 0.150 67-0.468 46
HD-8E1Ac 0.055 61 0.045 66-0.067 01
3 itk

Bz 2 MR (B fEad KL 4R A — FL
] T AMO B R, R ] AR L
Sy IE) A% o 1) )y ORI ol R gt A 17 3 A
FHES . 050 2 4 T MOFF TR 2 B 1 R o T
LA A A R TG PR SR B, R s @20
TR AS TP F2 BRI, T AR i R b
HART R Bt HlFIH IR Z—. cry
BN B 73 sRoKF A HRE s L],
MRNA BIFREPERER, BT IR ORI, 4%
AR 7 T ARSI EE Y 25% ) ery
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B AEAE T B KR |, HRA 32
JBORIFE DB 52, Arantes F1 Lereclus FORFST %
M, 4 cry3Aa FEHERETA 15 M5 DAY pHT315
Ak brp, HRFEWHE ST 4 ML
pHT30411,

ASCEE R PerylA. Pery3A. PerydA Fi
Pcry8E 4 FpHL A AN [AFE VAL 905 30§ 19 7%
P, et T —AN a8 F——Cry8E B3l
cry8E FE A 1) L liFA — T HOEASHE orfl, orfl 3
1 cry8E BH & — e sk T, Porfl JR 3152
o JAEE, S MUIFRIANRE ZF Pery8E
3% o PR, B—AEFEAM N ST A
SCHF cry8E JE 3T pET-21b Fikak ik ik 1X
HITES, EAT a4 MR 28
ARk pHT315 , MEE T I8 4 S AT I Rk
IR pHT315-8E21b . # ) ¥Z ff FH ) pSXY-422b
JEVARIRE T A 3Z cry3A B3 THE SRk
AR, cry3A B E SRS FRWIE R RIL, B
T FAH—A STAB-SD J£41, ] LI4R sk
G SR = W) R 25 A R v, AT 4 g s £ B,
R e 2 2 56 U T3 A 0, pHT315-8E21b 3R
IR cry3A 5 3151 pSXY-422b =, Ui
WA ST Y cry8E JER R sh 48 Sk 2
AT IR T ory FERI RS, DR KE
FIRFEY T IRA R TEEFRIBLEL AT, [R5
Ja s AL AT LU F 95 2= 4 28 IO B 2B By okl 391 1)
P, ARUE AR 2GR & SR T AT R Rk
Jolf,

2 % X

[1] Sanahuja G, Banakar R, Twyman RM, et al.
Bacillus thuringiensis: a century of research,
development and commercial applications[J]. Plant
Biotechnology Journal, 2011, 9(3): 283—-300.

[2] Bravo A, Likitvivatanavong S, Gill SS, et al.

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

Bacillus thuringiensis: a story of a successful
bioinsecticide[J]. Insect  Biochemistry  and
Molecular Biology, 2011, 41(7): 423—-431.

Ibrahim MA, Griko N, Junker M, et al. Bacillus
thuringiensis: a genomics and proteomics
perspective[J]. Bioengineered Bugs, 2010, 1(1):
31-50.

Bravo A, Agaisse H, Salamitou S, et al. Analysis of
crylAa expression in sigE and sigKk mutants of
Bacillus thuringiensis[J]. Molecular and General
Genetics, 1996, 250(6): 734—741.

Widner WR, Whiteley HR. Two highly related
insecticidal ~ crystal  proteins  of
thuringiensis subsp. kurstaki possess different host
range specificities[J]. Journal of Bacteriology, 1989,
171(2): 965-974.

Poncef S, Dervyn E, Klier A, et al. SpooA represses
transcription of the cry toxin genes in Bacillus
thuringiensis[J]. Microbiology, 1997, 143(8):
2743-2751.

Agaisse H, Lereclus D. Expression in Bacillus

Bacillus

subtilis of the Bacillus thuringiensis cry///A toxin
gene is not dependent on a sporulation-specific
sigma factor and is increased in a spooA mutant[J].
Journal  of  Bacteriology, 1994, 176(16):
4734-4741.

Sedlak M, Walter T, Aronson A, et al. Regulation by
overlapping promoters of the rate of synthesis and
deposition into crystalline inclusions of Bacillus
thuringiensis d-Endotoxins[J]. Journal of
Bacteriology, 2000, 182(3): 734-741.

Yoshisue H, Sakai H, Sen K, et al. Identification of
a second transcriptional start site for the
insecticidal protein gene cry /IVA of Bacillus
thuringiensis subsp. israelensis[J]. Gene, 1997,

185(2): 251-255.

Yoshisue H, Fukada T, Yoshida K, et al.
Transcriptional regulation of Bacillus thuringiensis
subsp. israelensis mosquito larvicidal crystal

protein gene cry/I’/A[J]. Journal of Bacteriology,
1993, 175(9): 2750—2753.

Du L, Qiu L, Peng Q, et al. Identification of the
promoter in the intergenic region between orfl and

http://journals.im.ac.cn/wswxtbcn



360 TEY 228 Microbiol. China 2013, Vol.40, No.2
cry8Eal controlled by sigma H factor[J]. Applied [21] Schaeffer P, Millet J, Aubert JP, et al. Catabolic
and Environmental Microbiology, 2012, 78(12): repression of bacterial sporulation[J]. Proceedings
4164-4168. of the National Academy of Sciences, 1965, 54(3):

[12] AbS7oBr, BRAA, shunmn, 5. 95 = & F AR 704-711.
SigK P A 2 17 285 R 44 45 J ot cry3A 4 [22] Adang MJ, Staver MJ, Rocheleau TA, et al.
Characterized full-length and truncated plasmid
PR 2 5 3 T B9 32 WA []. Bl 9 i, 2014, clones of the crystal protein of Bacillus
51(9): 1177-1184. thuringiensis subsp. kurstaki HD-73 and their
[13] Arantes O, Lereclus D. Construction of cloning toxicity to Manduca sexta[J]. Gene, 1985, 36(3):

[14]

[15]

[16]

[17]

[18]

[19]

[20]

vectors for Bacillus thuringiensis[J]. Gene, 1991,
108(1): 115-119.
I, AR, BARM, % T crylAc RikiH
FEICIF T8 2= 4 2P AT i ek s A A 0], Wb
F R, 2012, 51(2): 400-405.
Liu XY, Peng DH, Luo Y, et al. Construction of an
Escherichia coli to Bacillus thuringiensis shuttle
vector for large DNA fragments[J]. Applied
Microbiology and Biotechnology, 2009, 82(4):
765—772.
KA. @ FAFERERE ory JERBUIR
[D]. Ma/REE: ARAbAR ML R 2= 1 267 183, 2001.
Wang GJ, Zhang J, Song FP, et al. Engineered
thuringiensis  GO033A  with  broad
activity against lepidopteran and
coleopteran pests[J]. Applied Microbiology and
Biotechnology, 2006, 72(5): 924—930.
Yan GX, Song FP, Shu CL, et al. An engineered
Bacillus thuringiensis strain with insecticidal

Bacillus
insecticidal

activity against Scarabaeidae (Anomala corpulenta)
and Chrysomelidae (Leptinotarsa decemlineata and
Colaphellus bowringi)[J]. Biotechnology Letters,
2009, 31(5): 697-703.

Agaisse H, Lereclus D. How does
thuringiensis produce so much insecticidal crystal
protein[J]. Journal of Bacteriology, 1995, 177(21):
6027-6032.

Park HW, Ge B, Bauer LS, et al. Optimization of
Cry3A vyields in Bacillus thuringiensis by use of

Bacillus

sporulation-dependent promoters in combination
with the STAB-SD mRNA sequence[J]. Applied
and Environmental Microbiology, 1998, 64(10):
3932-3938.

http://journals.im.ac.cn/wswxtbcn

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

289-300.
KA, R, ERA, % W HF LS
71 Bt K cry3Aa7i o v b M FRIAHFIE[I]. T
[ 4l Bl2#, 2002, 35(6): 650—653.

Berry C, O'Neil S, Ben-Dov E, et al. Complete
and of pBtoxis, the
toxin-coding plasmid of Bacillus thuringiensis

sequence organization
subsp. israelensis[J]. Applied and Environmental
Microbiology, 2002, 68(10): 5082—-5095.

Shu CL, Yu H, Wang RY, et al. Characterization of
two novel cry8 genes from Bacillus thuringiensis
strain BT185[J]. Current Microbiology, 2009, 58(4):
389-392.
Gonzélez BC.

and

HT, Carlton
specific

J I,
between

Dulmage
Correlation plasmids
d-endotoxin production in Bacillus thuringiensis[J].
Plasmid, 1981, 5(3): 351-365.

Agaisse H, Lereclus D. Structural and functional
analysis of the promoter region involved in full
expression of the cry///A toxin gene of Bacillus
thuringiensis[J]. 1994,
13(1): 97-107.

Sambrook J, Fritsch EF, Maniatis T. 437 5o &S24
BEIM]. &4, A, 5% F2m. duat:
Bh2f AL, 1996: 16-69.

Lereclus D, Arantes O, Chaufaux J,

Molecular Microbiology,

et al
Transformation and of a cloned
d-endotoxin gene in Bacillus thuringiensis[J].
FEMS Microbiology Letters, 1989, 60(2): 211-217.
Miller JH. Experiments in Molecular Genetics[M].
New York: Cold Spring Harbor Laboratory Press,

1972: 352—-355.

expression



P I o MU B R A AR R 361

[31] Ausubel FM, Brent R, Kingston RE. ¥ %45+ 4= [34] Roberts L. Mosquitoes and disease[J]. Science,

Y RARTIMY. BT, EIEAR, % b 2002, 298(3591): 82-83.
" i [35] Boonserm P, Angsuthanasombat C, Lescar J.
Bl it 1999: 334-338

Crystallization and preliminary crystallographic

[32] BEFP L, Z=ER A, XUINE, % Hod B MTE study of the functional form of the Bacillus
VLBRIEPH cry2Ab3YE Kol FE T 63k % 2% HUE e thuringiensis mosquito-larvicidal Cry4Aa mutant

N " - toxin[J]. Acta Crystallographica Section D:
WFFELI. G174k, 2002, 42(5): 561-566. Biological Crystallography, 2004, 60(7): 1315-1318.

[33] de Maagd RA, Bosch D, Stiekema W. Bacillus [36] Agaisse H, Lereclus D. STAB-SD: a

thuringiensis toxin-mediated insect resistance in Shine-Dalgarno sequence in the 5' untranslated
plants[J]. Trends in Plant Science, 1999, 4(1): region is a determinant of mMRNA stability[J].
9-13. Molecular Microbiology, 1996, 20(3): 633—-643.

AR oY oY SR Y Y SR Y SRY SR R RY R R RY R R RY R R Y R R RY R Y Y R R Y R R Y Y R Y Y R Y R R Y Y SR R R R R Y R R R R Y R RY R Y

IR ER &

FTF (R4 S5iBIR) F AT 9P iFah 38 xo

R, BEE EYIBORI HUR R, T 2 TR i ) U 8, A8 SO R B LB 832 3|
KiE. BRTEAMBMAED Y, iy, BENTRE, TR, TR, K TREZIN, R4y,
TR GOKBEA . YR AW BRESF 0 O A YA OF AR Ok S TR SE . %
Hh S A S SUR BT ST BR, DA SGZ S0 B IR OE SRS, 800 A% (Rl ) iyl
FIGFF AR, fedtr R, ARG BT S — SR &, (A E iR ) i
SRTE F 2008 4R, AR AR ORI LT TR R Gt [ B E ) S AR G U R A A
KA EETIERE, S22 [ N SMBUAE DA SC RIS U SRR R, LA b T ) [ 58 A 2 i ol
IEA TN AT HTR AT RCR . B AR A A B AR KN, IRV T T
FIMELAMES, IR ORI A G R AR s g i, ST HEWIE e R RS e R, IHEE L
BT

R L P TAETRI, PR SCHTGm AT

1. LRGN A CHLE AR 0 T, 38 H a4 e

2. $AIE . 33T T 32 51 (http://journals.im.ac.cn/wswxtben) i« R kL X7 F 8L ) e 2, 4
G2 )5, VL E-mail BRI &% B 4miEHR(54H . tongbao@im.ac.cn , FEEEMMA: E@rhEm: “&
P H I R

3. HUHH WA G, & gniEss, 1A 720 Tel: 010-64807511; E-mail: tongbao@im.ac.cn

http://journals.im.ac.cn/wswxtbcn



