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Table 1

o Wk ( Trichoplusia ni) Fl K 2 HU ( Helicoverpa
armigera) SR B4 A SLHG =1 F

1.2 RERANTORE : BT T B RR AR TORE DL 3% 1, I3
AR B GRS S % O B TR

T RR R0 AL

The strains and plasmids

Strains and plasmids Characteristics

Origin

E. coli TGl

E. coli SCS110

E. coli BI21 F- ompT hsdSB(rB- mB-) gal dem N(DE3) ,

BL21 (cry9Ea7) E. coli BI121 with pETcry9Ea7, AmpR

Bt 4 Wild strain

HD73 " (ery ™) Bt acrystalliferous mutant strain

BioHD9Ea7 HD73 with pSery9Ea7, Amp"Er"

pET21b Amp"E. coli expression vector, 5.4 kb

pSXY422b Amp"Er"Bt-E. coli shuttle expression vector, 7.3 kb

supE hsd (5 thi ( (lAc-proAB) F' [ traD36 proAB'IAcl® IAcZ(M15 ]
rpsL thr leu endA thi-1 lacY galK galT ara tonA isx dam dem supE44 A(lac-proAB)
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113 FZ5 ALES : PCR B 34 A0 5G] | R 6l
PENYIEE . T4 DNA ligase ,DNA Fragment Purification
Kit 1 DNA Marker ¥ B TaKaRa 2\ 5], iz 2
HoAt A AR A Sigma 4], BCA 85 B E
W& A AR T, SIS AR S E B b
1A T AW TR RS A R A R 58, Cry9Ea 3
1Y 22 s REBT A t )6 2 Bt A ) H R IS il ]
#ro PCRAX AN L ALY H Eppendorf 23
A, UKW H BioRad 2427,

1.2 Bt &i#i DNA g% &

KM CTAB J5k, 2 03k 7] .

1.3 PCR-RFLP £%{kZ&

2 MR fRF " S D5 vk, 51 Y SSun9/
S3un9 HLFE 2,
1.4 S|¥RBAEEENR KK

IR E 2 R H M ery9Ea JLR ], 2 0830k i3
T 2K cry9Ea TR 2HE 9 5] ) FOEA/
ROEA 7£ 5" 1 3" 43 5 51 A Sal T Fil Not 1 P9 V) EA
AT RIZ R, 51T 5 3% 2, PCR R 45
94°C 3 min;94°C ,1 min,59°C 1 min,72°C 4 min,30
AMER ;)5 72°C 44 10 min,

%2 PCR 18RRS4

Table 2 PCR primers used for amplification

Primers Primers sequence (5'—3") Size/ bp Restriction site
S5un9 AGGACCAGGATTTACAGGAGG 21 -

S3un9 CCCAATGCGAAAGAACTAAG 20 -

FOEA CGGCGTCGACATGAATCGAAATAATCCAAATG 32 Sal 1

RI9EA ACGCGGCCGCCTACTCTTGTGTTTCAATGAACTC 34 Not 1

1.5 cr9Ea7 EAMEE

PL CTAB L4 HUR B PR JBURE DNA SR,
MK EKE 519 FOEA/ROEA § 315 5| & K 1
B, 28 Sal 1 1 Not 1 XUEGYT, Wi B (4 7 Bt A
pET21b 3k, # Ak RIG AT B, 05 e B ve kg o
1.6 cry9Ea7 EREH 5 50iEF 57

DNA JUFF TAEH BiA: T A9 TR AR RS
A FRA R SE 8, DNA J S 32 )7 51k Ff DNAMAN
A . GenBank 5 45 2 Al ExPASy 4l 5 i 47 43
Bro
1.7 cry9Eal EERIFFRIX

er9EaT SR T RIS W0 T LR T

W BRI PTG B 1 mL # R 0 h, 75155
2.4.6.8.16 h N4y BIHUEE , 25 4°C, 8228 x g BS.0»
10 min{t8E AR, 2 Tl E I E /K.
1.8 Bt TEFEHNHE

F FH AR pETery9Ea 48 Sal 1 A1 Not T S
U1, Bl H 1 R B, o 32 31 98 1R 2R pSXY422b,
CaCl, B:554k SCS110 40MIHETT 22 F AL SR 5
FH AL 1 HE 41 28 R TR ( pSery9Ea ) HL I % £k Bt
TR R HDT3 ™ (ery ™), (Z%8:2. 2 kV,1 kQ,
25 wF,0.2 cm HUOAR) 566 F IR T H A 2%
HRRMAHERIMER LB 4 L, PRECH M vk
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1.9 THEEREENEERBEEBIRE
RSS2 IE A 1 B (7% ery9Ea7 3£ 2 A
10 mL % 100 pg/mL 2 HHZ M 50 pg/mL 405
K1Y LB AR SR, 30°C B3 3% 2 M S B RS
WORE e R LT e B 5 AR AR LSS, A A5 H A
ULvEE " BRI
1.10 BMEB/EWEMNE
KSR Fe T A 2 HEAT AR B AR
TRk &N F SRS (e IR TR AR R, 385
 w LR BT R A 10 S A@RERI T 4 L, L
2R AVEXT IR 48 h J5Ge e HUB, THRBE TR 2
HH 4 IR, H SPASS A5 LCs 0

2 HRFpH

2.1 cry9 2F PCR-RFLP £ 5% %

FHiE A5 S5un9/S3un9 §38 2] 1.5 kb J
B, 2 Msp 1 &Cla 1 XUY], 153 1. 4 kb #1148 bp
B, =W B EARAY ery9 ZEHN ery9Ea, A5
K59 FOEA/RIEA ¥ 3§ 3.5 kb i) 7 B, &1
Yl #, & Ja o M @ T R B R 8 Ok
pETery9Ea7 , 3444k BL21(DE3) .

2.2 cry9Ea EEMFFI S

4 2% 15 21 1E 0 19 =1 21 SORUE 7T 00 )T, Blasin
FCXT 2 7, 0F B 5 B ) 3 1R R ery9Ea 3 19, 4852
GenBank %, % 5% 5K FI380927 . 1% 5 X 4 i AE
b 3453 ANBE AL, Gt 1150 AN 5ERR , i 2 AT 1) 2 11
JE I 375 A 130 kDa, 25 [ b Bt J& R iy 44 2% 51 &5
ERAT A K ery9EdT , ZIEH 5 HE cry9Ea JEH )7

1 125 250 375 500

FUARIIAE ] 98% —99% , % ¥ S BT A S H 5 HE
Cry9Ea 88 A SRR AN RINE R 97% -98%

A W 23 1 A2 1 2 O Bk 44 EMBOSS
( European Molecular Biology Open Software Suite) , 7F
2k 8 F pepstats ( http://www. ebi. ac. uk/emboss/
pepinfo/) 5 , A Cry9Ea7 HEH IR T 51, 153 2
HE B — R — SIS, GR ILER 3,

#®3 CrydEal EENEEBRKEFEST
Table 3 Amino acid residues property of Cry9Ea7

Residues Property Number Z]eq};};ncy
Tiny (A+C+G+S+T) 323 28. 09
Small (A +C+D+G+N+P+S+T+V) 608 52.87
Aliphatic(I+L+V +A) 233 20. 26
Aromatic(F+H+W +Y) 143 12. 44
g{;)r:s(o)lar(A+C+F+G+[+L+M+P+V+573 49,83
Polar (D+E+H+K+N+Q+R+S+T+Z) 577 50. 17
Charged (B+D+E+H+K+R+Z) 261 22.69
Basic (H+K +R) 119 10.35
Acidic(B+D +E +7) 142 12.35

i i F§ NCBI Conserved Domain Database 43t
Cry9Ea7 FE H RSP 45, 25 R LW ZE AW
Domain [ By N 345 70 - 296 fvi , 3t 227 & IR %
L %, ; Domain 1T 1 45 302 — 505 {if , 3t 204 />4 3%
1% 5% 5L 20 B ; Domain Il #1575 515 - 651 £i7, 4t 137 4>
IR FEA M, FtE Cry9Ea7 8 [ A3 M XAl 1
BEAE T N iy B 5% 70 — 651 A 28 Bk 2 5% ik X 3
(B1),

625 750 875 1000 1150

.

[Endotoxin_N superfamily] {Endotoxin_H superfamily‘ IEndotoxin_C superf]

1 Cry9Ea7 &8 3 {5518
Fig. 1 Three Domains in Cry9Ea7 protein.

FIFHEE =5 PR 55 (http ://www. cbs.
dtu. dk/services/ CPHmodels/ ) %f Cry9Ea7 & [ #F 47
= AR A5 B R A (pdb SO I Swiss
pdb viewer FATPEA AL, AR GRANE 2,
2.3 cn9Ed7T EEKFESRIX

PRIBCFHPE FERE BL21 (cry9Ea7) , #4427 100 mL
100 pg/mL Z R HHE RN LB WAKE 57 5,
37C B IR, LA BL21 (pET21b) fiff70xk B8, 5351
B2 0h,2 h,4 h,6 h,8 h fl1 16 h ({15 FEH 1 mL
#E4T SDS-PAGE 23#7 , W cry9Ea7 FETE 2 h J5 T
1R3R3K 130 kDa 245 K/AMNEH. 2 16 h FKik&

i S TN f
2.4 Bt TRRERMER SDS-PAGE 417
JEHU T 2 BioHD9Ea7 fy Cry9Ea7 Sk 1,
HE4T SDS-PAGE 43 #7 Fl Western blotting, £ ¥ 411 [4]
3, RWITREMERD), IF£IA 130 kDa [y Cry &
Mo
2.5 Cry9Ea7 EEEWEMENE
FEUL Cry9Ea7 317, FH BCA 25 11 B o 3711
TR T, W SO ISR A AR AL ) 4
BRI Cry9EaT 8 JEAT AR PG I A .
D7 25 3 7R, Cry9Ea7 i 1 % il S5 15 ik ) v 4y
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VR4S s 7 401 T 0 6 P T X0 800 i o) 9 4
A ERE S, LCy, 4 0. 044 pne/mL, G5 R LK 4,

-~ Domain [

Domain 1T

2 Cry9Eal ZEH =R 45HMHBNE

Fig.2 The tertiary structure prediction of Cry9Ea7 protein.
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B3 Cry9Ea7 & H SDS - PAGE and Western blot
ST

Fig.3 SDS-PAGE and Western blot analysis of Cry9Ea7 protein.
M. Protein Marker; 1,3. HD73~ (ecry™ ); 2,4. Cry9Ea7

protein; 5. Bt4 protein.

F&4 Cry9Ea7 XTSI . B SR AR 5 A 4h
B EMENE
Table 4 Toxicity of Cry9Ea7 protein against T. ni, S. exigua

and H. armigera neonates

95%

LCy/ ines
Tested insects ( z/ L) confidence/ El?lzctl;)n regression
ue/m (pg/mL) 1
T. ni 0. 044 0.032 -0.062 Y =3.1485 +1. 1243x

S. exigua - - -

H. armigera - - -

note: ( — ) No toxicity
3 it
Tz B FF IR B P I S PR BA R e o R, X

FIAR 3 HUs ke — , WIFFEAH I 2 1 A0 3% s P Aok
AZANNWEN . ARLRIRET T 9= ST

Bid i cry9EaT PR vE AR IR M T AR
L IR T RRB YR AR R @ XS 3
W HF R EE I AE , &I Cry9EaT 8 1 X8 80K
AL AR B 7 ), LG5 0. 044 g/, 1]
XoF it S 7R i A A% SR VA IS PR M OC R IE 1Y
Cry9Ecl & [ % K & ( Bombyx mori ) Fl /N 32 gk
( Plutella xylostella ) 45 — & 1% M, M X%t &} 80 %
( Spodoptera litura ) | iff SE 7K 1 ( Spodoptera exigua) |
EN & 15 ( Plodia interpunctella ) . 32 Y #% 4 &
( Helicoverpa zea ) FHIR 8 5% 3 2 B0 ( Culex pipiens
molestus) ¥ 45 75 VE', {H 5 A 18 XM S0 ik
(Trichoplusia ni) W HEPE, AABIF9E B UIESE T Cry9E
KA SO LA 1 P 2 = R L
Cry9Ea7 F 1145 Cryl 288 AT ARIME, KL EATTE
= YESEH AR BYAR UM, (H2 BATAY S HUi
A AR AN ], S0 JHC D PRI ] R 2 i 6K 5 o7 1 Y
FILTRIR L E 1Y o S 000k Hoy SURE I FIAR #2 1
HJE T3 B A F, SR Cry9Ea7 X EATHY
TP AH 22 5L 0, X AT e 5 = B H v Jigg Rl bR 5 g
P E 32K Cry9EaT 8 R R/ INAS [ 5
5B S RS S A F e R 5 2 A AR
LY A Rt — 2D

P Cry 81 By A8 OGP S R dUi 2 Bt
WFFETH I B B R)RE, — 5 T, ) LA [ 4K L0 8 55
BRI MR MR 55— D7 T, B AR Z) T ff Cry
AR R, AR SR b i g, 2k S
Cry HH YA EAE ] 2280 3 i 10 Cry 2,
NI ] A5 SEAE bR T 1L, B i Cry ZE B (R
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Cloning and characterization of a novel gene cry9Ea7
encoding crystal protein with high toxicity against
Trichoplusia ni

. 1 . oy 2 . 1.2 % . 2 .. 1
Yongxiang Sun , Tinghui Liu”, Wei Guo ", Liguang Wang”, Weiming Sun
('College of Life Science, Agricultural University of Hebei, Baoding 071001, China)

(* College of Plant Protection, Agricultural University of Hebei, Biological Control Center of Plant Diseases and Plant
Pests of Hebei Province, Baoding 071001, China)

Abstract ; [ Objective ] We cloned a novel cry9Ea gene encoding a Cry9Ea protein with a high insecticidal activity against
Trichoplusia ni. [ Methods] We identified a cry9-type gene from Bt strain (Bt4) by PCR-RFLP. The full length cry9Ea
gene was amplified by PCR with a pair of primers FOEA/RIEA. [ Results] We cloned the complete cry9Ea7 gene into
pET21b. The SDS-PAGE results showed that the 130 kDa Cry9Ea7 protein was expressed in E. coli BL21 (DE3). We
also constructed an engineering strain BloHD9Ea7 by transforming a shuttle vector pSXY422b containing the cry9Ea7 gene
into Bt acrystalliferous mutant HD73 ™ (cry ™ ). The bioassay results indicated that the Cry9Ea7 protein was highly toxic
against Trichoplusia ni neonates, and the LC,, value was 0. 044 pwg/mL. However, the Cry9Ea7 protein showed no activity
against Spodoptera exigua and Helicoverpa armigera neonates. | Conclusion ] The novel cry9Ea7 gene encoding Cry9Ea7 is
highly toxic against Trichoplusia ni neonates.

Keywords: Bacillus thuringiensis; cry9Ea7 gene; gene cloning; gene expression; insecticidal activity
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