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Screening and analysis of insecticidal activity of protein from Bacillus
thuringiensis against Mythimna separata
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Abstract In order to investigate the insecticidal activity of some Bacillus thuringiensis proteins against Mythimna
separata (Walker), 11 proteins of Cryl, Cry2, Cry9 and Vip3A were extracted and used for bioassay against M.
separata by feeding artificial diet. The bioassay results showed that CrylAc, CrylAb, Cry2Ab, CrylBe and
CrylBb had insecticidal activity against M. separata larvae, with a LC; value of 5. 09 pg/g, 17. 71 pg/g.
26.75 pg/g, 27.42 pg/g and 43.93 pg/g, respectively. Cry9Aa, Cry9Eb and Cry9Ee only inhibited growth of M.
separata » with a growth inhibition rate of 78.4%, 79.0% and 86.9% at the concentration of 10 pg/g, and with
an inhibition rate of 92.8%. 95.7% and 96. 7%, respectively, at the concentration of 100 pg/g. However,
CrylBa, CrylCa and Vip3Aa showed no apparent toxicity to M. separata larvae. It lays the foundation for bio-
logical control of M. separata, and may provide some excellent candidate genes for insect-resistant genetically
modified crops.
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WS RS I RN 22 2 R I . TR L BT
SELAON 2 [E S M KA. Ak, B R TR E 1Y
R B E A 2012— 2013 AR 4 R SR
R R Z K B3 B 2 IR Z EL @ g
SN PR R R AR PR A R ik
IRE A A TR Z R ARG T2 PR ok A
T AR TR R A E S R S Y
CREIREE, WA RE A YDA S O PR AR

g FMFFE (Bacillus thuringiensis , T8 FR
Bo) 7= A { di AR 8 1 (Bt 8 1D 2 E 2R R B4
X H AGHE H B H S 2 R L, L S-S
SRR A S Y B R R R R e

Bt A FE SR RS, AN A A
WFERiE. CrylC,CylF XI ALK Spodoptera ex-
empta (Walker) JHAEFE S, 1M CrylAa,CrylAb, CrylB,
CrylD X HAERIHIVEAT . CrylAb,CrylBb, CrylFa,

Cry2Aa,Crylla Al Vip3Aa XS5BT Spodoptera fru-
giperda (Smith) JEAREARVERT . FEEIN AHXST Be b}
AR AN FORIE ) R RIS Be SRR s
WA 5 DGR, AR DR B & B CrylAb,
CrylAc.Cry2Ac H PR EAT A BTEE T,

BT B E N E A IR AR SCDAAR LR % 11
b Bt 2% U 1 R A 38 2 0 i L LCso AR EE 9 4l
8 DT ARAT XS 26l HUA 6 1 1 B 1 P X S 2
T H BT U5 ZR G0 0 o) 26t t B A 3 1
PERR IR . AR R AT 2 U LR By ia e it
PRI FT B 11 9 15, O 3R [ e s 3 6 RV 1 F 9 42
B R B L

1 MHFTTE

L1 EHRMERE
HE R MR AR DL 1,

*1 HHERH
Table 1 Strains and plasmids
PRI TR ik P37
Strain and plasmid Description Source
E. coli
TG1 Allac-proAB) supE thi hsd-5 (F' traD36 proA™ proB* lacl? lacZAM15) ARSI E AT
BL21 F-.ompT hsdSp(rgmi ) »gal(Acl 857 ,ind1,Sam7, KR EIAE

nind,lacUV5-T7genel) ,dcm (DE3)

BL21(DE3)-vip3Aall

AT vip3Aall FFE M ikl pSTK-3Aall (8.1 kb, Km®)

AR A AT

Rosetta(DE3)-1Ba3
Rosetta(DE3)-1Bb2
BL21(DE3)-1Be4
Rosetta(DE3)-9Aa3
Rosetta(DE3)-9Eb1
Rosetta(DE3)-9Eel
B. thuringiensis

HD73

EHEEW crylBa3 B Bk pEB-1Ba3 (9. 3 kb, Amp®,Cam®)
AN cryl Bb2 B 1 ik pEB-1Bb2 (9. 3 kb, Amp",Cam®)
AN cryl Bed SERAY UKL pEB-1Be4 (9. 3 kb, Amp")
A cry9Aa3 FEH A Bk pEB-9Aa3 (9.1 kb, Ampr,Cam®)
ST cry9EDL FH By FRL pEB-9EDbL (9. 1 kb, Amp*,Cam")
SHMEN cryIEel BH M kL pEB-9Eel (9.1 kb, Amp*,Cam")

> b

>

B. thuringiensis subsp. kurstaki FRUEFRE. 5H crylAcl gene

ASRENA
AIRERAT
ATRIHE
ASRENA
ARENA
ALREIA

AL E AT

HD73~ HD73 Jeah iR 228 bk ARSI E AT
Biot2Ab4 G cry2Abs B FRL pSXY4A220-2Ab4 () HD73~ T2 E (Erm®) ARSI AT
BiotlAbl3 AN crylAbL3 ReH 1 FkL pSXY4220-1A613 |y HD73~ LR (Ermr) ARSI WA
Biot1Ca7 SATHENE crylCaT SER R pSXY4226-1Ca7 () HD73~ T 4521 (Erm®) AR WA
Plasmids

pEB lac 9\ T, T7 A 3h 1, 2 Takei 5, His » Tag, HSV « Tag, Ampr,5. 7 kb ARSI AT
pEB-1Be4 A 3.6 kb cryl Bed F:[H ) pEB 44K, Ampr, 9. 3 kb VNI AfE S

1/2 LB AR I3 0. 5% B A0, 25% 1%
BEfE47.0. 5% NaCl,pH 7. 0,121°C, K 1 20 min;
LBIRARRE IR 1. 0% AR (R 0. 520 Bethhie
#.1. 0% NaCl,121°C, KH 20 min.

1.2 FERXFIFUEE
Taq DNA R4 E [ FEE A PR 28 7] 5 B

PEP U] i . PrimeSTAR® HS DNA 5 4 il f1 T4
DNA VR0 B 549 TR ORE) A FRA W 5 i
BRI, DNA [m1Yi AT PCR 7= 9 4l Ak 50 620 A
Axygen 23w HAbA AL LG 24 o T B

D250 7K, 2% E NBS A H); Avanti J-26XP &5
W B0 HL, 22 B Beckman Coulter 23 #] 5 Mini
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Protein [l # F HL K AX . 38 [ Bio-Rad 23 7] 5 BEK K
B&G: . GE 24 w); CP750 18 75 BB mR AN 77 BT 2
EX 7N
1.3 #iXERRATAR

Fhi (M. separata) B N Tk, B A E 4O B
B Y IR T T R A AR
1.4 crylBe, RixHFHE

HRAEAS 5250 28 X AR W1 45 SE R 1) cryl Be, JEIRITY
AR FEH 251 erylBe F(ACGC GAGCTC
ATGAATCTATCAACCGATGCTCGTATTG,
Eci136 [1 ) Fl crylBe_ RC(ACGC GAGCTCTTCCTC-
CATAAGGAGTAATTCCACGC,Ec/136 11, /H I
A TAEY) TR WG G PCR 3 2644y 94 C il
A5 10 ming 94 CAEHE 1 min, 54 CiB K 1 min, 72°C
FEf 4 min, 30 RAEFR; 72 C LA 10 min, H Y B
KN 3 603 bp, ZHEGFY) 5 %S pEB Kbk
B R HRRBOE e ARIBATE BL21 b, 5 128 B v
BEEATIN P o1k P 51300 A ph b 5t 7S A R R R
A AT PR 23 7 58 Fi
1.5 XB#&E Cry & Vip EERIEEHNE

CrylBa; . CrylBb; . CrylBe, . Cry9Aa; . Cry9EDb, .
Cry9Ee, F1 Vip3Aay, 8 H 34 T K g #F w# b i 47 3%
ik KA RS B 9% R T LB B 7 56, 25 B R 42 K
R R B 0 vk ELAR L Shu 9 5345 . K
FF TR 2Rk 10 2 A3 Al A 20 A AT A O A
A 2 T B R R AR 1y R PO 58 A R
P78 e T B0y AR A2 0 A A b B S B O 1 R
Ko R TS BNBGF () A D25 3R 75 SRR ARAT Al i
2 435 1 AR 8 1 2 3K 2 A+ A AR I P S A
R EN . AR BOE T 18CHI 30 CH
AEFIRBE L LA 0.1.0. 5.1, 0 mmol/L 3 4~ TPTG
U R R A v 2B 1Y B AT R B AR )
At .

A HUAE 1) SDS-PAGE J3#r : W U FI A
I T HRIRE, 100 C & 5 min, 13 000 g B.0> 5 min,
W AR T A 0V IS, 8 Y0 A B S, 80V HLIK
20 min, 150 V HL Pk B BB 5%, MUK 25 5 X
CEEIE » AT € L g £ R T A AR R
Hk[15], f#FH National Institutes of Health JT %
(%) Tmage] 1. 44 B4, 3 HL Ik fE AR A0 B I
T, YR 715 Image] User Guide 1. 44,

1.6 HELEFHFE Cry EEREZEHNER

CrylAb.CrylAc.CrylCa & Cry2Ab FHEH T
Tho 4 MO TR AT A T8 2 4 A A R B
IR 1/2 LB AR 35 23 i R ORI 52 %
) O AT BRI A A ATIRD L5 /N
1.7 Cry ZE# Vip EAMFHNENEDEE

N E

SN E AN I EN L AR A A Bt
BE N LR RS g i, 7 d IE gt
o BARGUT AREC30 g N AR S T K i B
FRIL A AR AR i W 3 mL () 9 24
10 pg/ g 100 pg/g WIHREE AT 24 FLESFRAREE
HEAT S S TR R 07 A AR LEFE T 3850 VR 32 ol FH ok
A IR L AT, ek IR A 5 1 0 2 T
3 ARSI 5 AR 4 At %) T e 2 B R — B
B IE] o L BIDRL R A K . BRI A 30 SKHI
e B E R 3 UL A 90 Skl Gl du gz
565 TR Las N =2 ARG, 55 B R 0L, R
LS DARil Bkt ) s A T 25 COLREG
FeAih . L/ D=16 h//8 h. JJE 70%~80%0.
B RO AR BE o 38 Y Al SO (35 3R 4T
IRAVCIN e B A, R v I AT R AR BED 5 15 5% 7 d
J& VR A S8 RS BT AR TR TR R IESE T
FROL TR A R BB E S A 20 mmol/L
Tris-HCL ¥ 195 25 48 28 M T b 2R 35 1 2 fil
FH50 mmol/L Na, CO; 75 iff » PRl 1t A5 I B 53 391 15
D0 S S A e S 71| 7 o = DI S B &
SPSS 13. 0 HHABIEH R EE (LC;)M ™ FETH AL IE
FET- 23 B AR TSN A

FET- 3 (V0) = HE BB/ (B8 B+ 16 U0 X100
RKIEFET- 2 (Y0) = [ O BEAAIE e — AL IR AFIE %) /
Xof BRAFE 8] <1005
PRE IR ) =[1— (R BRLLF-3414 E/
xR ) 1< 100,

2 RIS

2.1 KE#FEH Cry X Vip EEHRIZ

WA I ZARAT T A SR G B 1 A 1
WA S CrylBb 78 18 C, IPTG 4 ¥ J# 1. 0 mmol/L
A EF7 2055 CrylBe 1E 30 C. IPTG £ ¥k JiE
S 0. 1 mmol/L B #4733k ; Cry9Ee 7£ 30C, IPTG
By JF A 0. 5 mmol/L i #547 23K ; CrylBa, Cry9Aa,
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Cry9Eb 1 Vip3Aa £ H ¥ 7E 18C, IPTG &k J¥ N (| 2) &k e 40 8 H g A AR N
0.5 mmol/L By 7k, #EUSX L E&E AT CrylAb.CrylAc.CrylCa [ Cry2Ab, HorFH RK/h
SDS-PAGE Zp#r (1), &3k i d5 2% o HIEE H KA 130,133,135.65 ku,

MZEB AR K CrylBa, CrylBb, CrylBe,Cry9Aa, ka HM 1 2 3 4 5 6
Cry9Eb.Cry9Ee } Vip3Aa [l A 5204y SDS-PAGE 200 S— Ned B B
e — —
SER H TR R/ IMR Y 137,137,136,129, 130, 135 |
130.89 ku, [T — N
ke HM 1 2 3 4 5 6 7 8 9 o == .
200 S =
e :\_ \ \ \‘_ \_- \ 45 e ———
b 8 = — o=
Cemr wwe T TN T ! — i 1: BSA(1 pg); 2: CrylAb; 3: CrylAc; 4: CrylCa; 5: Cry2Ab; 6: HD73"
EEEEESE S 12 HREFRATERRAR
45 G 'g.- S - == B2 HAEFMATEPRIAR Cry EH SDS-PAGE 747
B — — Fig. 2 Analysis of Cry proteins in Bacillus
E=Ew= == 2 Analysis of
— — — X thuringiensis by SDS-PAGE
1: BSA(1 pg); 2: Cry1Ban]y#4H4); 3: Cry 1 Bbr] ¥4 43; 4: CrylBe . .
[YEALSY; 5: Cry9Aan] i 414); 6: Cry9EbRIVi¥4L4}; 7: Cry9Een i 2.3 Cryl.Cry2 B Vip EAXNFHAEYFHEYR
4143; 8: Vip3Aan] 41 4y; 9: CK (pEBH ¥ 4L4)) e
1: BSA(1pg); 2: Soluble fraction of CrylBa; 3: Soluble fraction of UI-IJJIE%%
Cry1Bb; 4: Soluble fraction of Cry1Be; 5: Soluble fraction of Cry9Aa; < . RE TR
6: Soluble fraction of Cry9Eb; 7: Soluble fraction of Cry9Ee; 8: Cryl‘LrYZ & le %EX‘T%&EE‘E%(& HE{JIIJ%?%
Soluble fraction of Vip3Aa; 9: CK (pEB soluble fraction) %(%% 2)% Hﬁ , ;j\:ﬁ 5 ﬁx;f %EEE 7>JS\‘EE Za: ‘I‘iﬁ% B/‘J %
1 KBHERRIEN Cry & Vip EEARES I FHR A 100 pg/ g ISR IEAET 2R M i BIRAR YK
SDS-PAGE 43 #r 25 % 4& Cry2Ab, CrylAb, CrylAc, CrylBb, f CrylBe, i
Fig. 1 Analysis of soluble Cry and Vip proteins CrylBa.CrylCa }% Vip3Aa Xﬁ/ﬂ;%ﬁ%(ﬁiﬁ LR
expressed in E. coli by SDS-PAGE R BB ARIE R K /NS AL, Cryd KE
2.2 BHaE&FAHEPRIEHN Cry EHIRE A I HORBEIE B AR KR T RN A 5 3 )
Xt Bt gk iy Cry 4T SDS-PAGE 738 —Ff.
x2 BtEAMFREMFEMRNESER"
Table 2 Preliminary bioassay results of Bt proteins against Mythimna separata larvae
HH WP /g e g ! B/ 3k AL US FET-%/ % RIEFET=2R/ %
Protein Concentration Inoculum Death Mortality Corrected mortality
CK H.O 24 4 16. 70 —
Nay CO3 24 0 0. 000 —
Tris-HCI 24 3 12. 50 —
Cry2Ab 10 24 3 12. 50 12. 50
100 24 22 91. 67 91. 67
CrylAb 10 24 1 4.100 4. 10
100 24 21 87. 50 87. 50
CrylAc 10 24 7 29.10 29.10
100 24 16 66. 67 66. 67
CrylBb 10 24 1 4. 160 —
100 24 17 70. 83 66. 67
CrylBe 10 24 6 25. 00 14. 29
100 24 15 62. 50 57.14
Vip3Aa 10 24 3 12. 50 0. 00
100 24 5 20. 80 ©), 572
CrylBa 10 24 2 8. 333 -
100 24 4 16. 70 4. 80
CrylCa 10 24 0 0. 000 0. 00
100 24 1 4.170 4.17

1) A= A Na;COs 2 50 mmol/L, pH 9. 6, Tris-HCI 2§ 20 mmol/L,pH 8. 0,
Na; COs used for bioassay at 50 mmol/L, pH 9. 6; Tris-HCI at 20 mmol/L, pH 8. 0.
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2.4 Cryl % Cry2 FEAXMFHA LCyELER
IR ARAT R 5 FE 1E TR R B F T TR 0 (R

3) JHH SPSS #3175 A BRI

CrylAc,CrylAb,Cry2Ab, CrylBe } CrylBb f{) LGy, KK

A 5.09.17. 71.26. 75.27. 42 pg/ gl 43. 93 pg/g.

2.5 Cryd ERAMFHHEMEENEER
TR & B Cry9 2888 H ] S 80 fUc i Ik

FE75% LA b5 100 pg/g B, Ho R 5 30 i R 3 78
90% A | FF H Cry9Ee 1% 1 5 4 Lk & Cry9EDb
H1 Cry9Aa,

3 Cryl.Cry2 EEXMFHPAENLER
Table 3 The bioassay results of Cryl and Cry2 proteins

against Mythimna separata larvae

HH BICHWE /pg e gt BUEIFXE]/pg e g !

WK R, E IS 284 Cry9Aa. Cry9Eb, Cry9Ee Protein LCso 95% Confidence interval
BAEMAMEAT T A (F . ML 20 mmol/L g T e e
Tris-HCI j:llgﬂ‘l",i'_ Xﬂ' ,E!ﬁ , ﬁ% T 10 #g/g ﬂ:‘ﬂ 100 yg/g CrylAb 17. 71 14. 78~20. 85
2ANKEE S TS R 7 d iR EAs gy O 0 A s ol
B TR KRR, SRR kT o T 250
W10 pg/e IELE 3 2R X BB KR R Ry — - ki
F4 Cry) BAMB LGS
Table 4 The weight inhibition rate of Cry9 protein against Mythimna separata larvae
EO e BREU% AU B/ P KT 1%, %
Protein Concentration Inoculum Survivor Total weight Average weight Weight inhibition rate
CK Tris-HCl 48 45 1. 373 0.030 5 —
Cry9Aa 10 48 46 0. 303 0. 006 6 78. 4
100 48 41 0. 090 0.002 2 92.8
Cry9Eb 10 48 45 0. 286 0. 006 4 79.0
100 48 42 0. 055 0.001 3 95.7
Cry9Ee 10 48 44 0. 175 0.004 0 86. 9
100 48 41 0. 041 0.001 0 96.7

1) AT Tris-HCL 3 % 20 mmol/L.pH %y 8.0,

Tris-HCI used for bioassay at the concentration of 20 mmol/L. (pH 8. 0).

3 itig

AWFFESEE T X B A S JUE PERY 11
Bt & H % 8580 H 75 B 09 2 B3 47 AR YIS 1
E, R ER CrylAb. CrylAc, CrylBb, CrylBe #
Cry2Ab £ F0 R 3L BAT B i A BUE 1, Cry9 Aa,
Cry9Eb,Cry9Ee & H X 3 A EA AE KM HAEH
ifii CrylBa,CrylCa Fll Vip3Aall 2K 4 X} % H 0 3%
BEATEH

H Al N 2T Bt 81 D0 26 o B R R AT
R, 2010 4295 35 ZE A ] Cryl Ab, Cryl Ac 2 H 17
MRAG L, R T Cryl Ac 25 0 2t A0 0 4y B Ak 2
18 d 1y LCso i 11. 23 pg/g AHEIE & B T 2 Fh Xf
R BA R BEERE S I B RS T HBIE K
E LCs wH\:EP Crleb il CrylBe Xj‘ ﬁﬁﬂﬁﬁﬁﬁ%
MEEARAE L 3 A Cry9 25 B XA HUEA B35 1 1k

FEIHIER . ©FMRE SR CrylB.CrydA HA S
Cryl A B JC 28 B HUHENS S FR  3 26 25 18T 1 7%
PER I, B A T % B CrylA 7= Syt 2y HEa
BRI R B H A 5 AR W 0 B R B AR A TR

J ¥ o0 #r CrylBa 5 CrylBb, CrylBe XJ % Uiy
TEPE2E S AT B i) & R R 790 k. LA
SWISS-MODEL # {4 #i ] T CrylBa 5 CrylBb,
CrylBe f H 1) = 4E 450, 3 | DNAMAN %k {4,
ELAE T 45 S5 R4 U AR DA F-40 25 43 M7 HL R ke
SEME R 4y F AL, @ AT b X & B CrylBb A
Cry1Be ) Domain [T 2% 82 ¥ 51 AH B AR & - [7] B
Wi# 5 CrylBa ) Domain [[ #9 AL BE 84K, H. =%
B9 Domain 1 4 FE {2 ¢ 1) AH AL BE AR &5 . #H BLEE N
91. 02% . 1fii =% Domain [I[ Ff) %2 382 7 51 A DL 4R
RIRCE 5.
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% 5 CrylBb.CrylBe #1 CrylBa gy 4514 Lb %;
Table 5 The structure comparison of CrylBb, CrylBe and CrylBa

CrylBa CrylBb

Domain | Domain || Domain ||| Domain | Domain || Domain |||
CrylBe Domain [ 93.15% — — 79.45% — —
Domain || - 65.53% - — 81. 46 % —

Domain [l = = 35.00% — — 37.86%
CrylBb Domain [ 77.63% — — — — —
= Domain [[ = 68.93% = = = =
= Domain [ = = 60. 43% — — —

AR R R AR W], Cry # b JEse  Jk
A A B X el 5 A HURe A G, B T Domain [
Cry # R AR 2 B X i KA
Cry BRI ARE A 56 [R i Domain [T I 25
FEAMHA Y Loop X 5555 gh durh g L1 45 &
SR G AR R H AN R . I,
AL PyMOL #5443 #fr 1T CrylBb, CrylBe #
CrylBa %5 Domain Il _E#J Loop 1.Loop 2. Loop
3MEIERITH ., 45 R EBIR: =3 Loop 1 L2 HE
PR e SARABLEE %5 v 5 17 Cry1Bb, CrylBe #Y Loop 1,
Loop 2.Loop 3 24312 15 51 AL BE ¥4 A v » (L 2
4 CrylBa i Loop2. Loop3 ZIEMR Fr 51 22 5 AF K
(R 6) . (HWA T K : CrydAa 8 XIS E I
(Culex pipiens) BIGPEA K X IHA /& Domain [
Loops, i] /& Domain [Il 547 £,

% 6 CrylBb.CrylBe #1 CrylBa 4 Domain I L
Loop (X i3 S & B4 40 A b 55"

Table 6 The comparison of amino acid residues of

Loops in Domain ][ with CrylBb, CrylBe and CrylBa

Proteins Loopl Loop2 Loop3
CrylBa WSNTR LLWGIYLFPI IILQSRVNVP
CrylBb WSSTQ LFTT IIGNTLRA
CrylBe WSNTQ LLTT LISGNTLRA

1) RO r Hy 25 5 A LR
The amino acid sequence of the table for the differences in gray.
22 FFriR, CrylBa f% Loop2. Loop3 [X 1 2 Jt
W2)75145 CrylBb,CrylBe A HEH K25, 1T g
SR EOCH TG 22 e OB IR &KL R T AT A D
Cry1Bb,CrylBe 5 % gt v iz Jill tR 2 5 48 i, BBMV
LSZARTTLAZS & ff CrylBa Kk 52456, T
HOR LA T i — IR AIATSE
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