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i OZE: [#5]1 TSN — R EA RS R A 8 5 =4 % Ie4T & (Bacillus thuringiensis, Bt)
LMI212, ZEMER 147X REARE, ART 10 MEREL, FIAR A EAH LMI212 69 5K > 4
48 i, 8 45 B -F (crystal producing cell regulator, CpcR)VA B H 3T VA% 49 cry35-like £ B B3 F, © &
A Bt Ak HD73 ¥ RAMET FF T REGRZKEZ, [B 6] A EAR LMI212 69 R F &
R FE B FosERE M, AT FTE T CpcR ZE 69 LA R F MR S0 20T, vAst A ek
AL FRFREARZKRELZ. [FE1 ¥ 10 NBah TRESHNE lacZ REARA o MmEL
pHT304-18Z B4k L, #7327 10 N EAF4:; AREH cpeR A B AL B 3 T (Peper-CPCR) 4™ A K16 44
HERIRG BT RIRE lacZ /&AL E 69 Lk, F2]TvAKIA CpcR Y LR At ey 10 N E
WAL, PR EFATAS A EEANTA CpeR 89 B HD73, BPRAF 20 AT A FolE B-F fLAE 5
Bk ety A E R, BiE 0T B MAN KA SDS-PAGE #m A # 5 R & & KA HENL. [£R] £
HAk HD73 ¥, B-¥ 35Utz HBaE MAE M4 R 27, B3 F Piv Pav Py Ps. Pe. PrAw Pgdb K34 7T4K
#RET CpeR #E, BT PptiiER <24 F AT CpeR #4), £ CpeR FEH, Prv Pg B3
Tt RFEMATER S, AAEFZETF CpeR A= Pr. Pg B3 FARIAE T 3 ERARA K FHF
REMA VipdAall &é&. (4] BRI HHREHG B TTH TRILEFIRFREERE
RZ, MM EHA TEF, HFRTRIEG LD SR T,
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Activity of cry gene promoter of Bacillusthuringiensis
LM1212

CHENG Dandan'?, ZHANG Ruibin’, GANG Lili'?, PENG Qi?, SONG Fuping '*
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2 State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
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Abstract: [Background]| Bacillus thuringiensis (Bt) LM1212 with a unique differentiation
phenotype has been identified. It carries 14 insecticidal genes, which comprise 10 transcription
units. With the crystal producing cell regulator (CpcR) derived from the LM 1212 strain and the
cry35-like gene promoter activated by CpcR, the non-sporulating expression system of
insecticidal protein has been successfully established in the typical Bt strain HD73. [Objective]
To compare the transcriptional activities of different insecticidal gene promoters of strain
LMI1212, identify the promoters with high transcriptional activity and activated by the
transcription factor CpcR, and optimize the non-sporulating expression system. [Methods] Ten
promoter regions were respectively fused with lacZ reporter gene on the pHT304-18Z vector,
and 10 recombinant plasmids were obtained. The cpcR gene and its promoter (Pcpcr-CPCR) were
reversely integrated in the upstream region of each selected promoter region and the lacZ
reporter gene, and 10 recombinant plasmids capable of expressing CpcR and corresponding to
the above construction were obtained. Subsequently, these recombinant plasmids were
separately transferred into the HD73 strain without CpcR, and thus 20 recombinant strains were
obtained for the determination of B-galactosidase activity. The expression of insecticidal protein
was determined by microscope observation and SDS-PAGE. [Results] In HD73 strain, the
transcription of the promoters P1, P3, P4, Ps, Ps, P7, and Pg could be activated by CpcR, while
that of the promoter P19 was inhibited by CpcR. In the presence of CpcR, P7 and Pg showed high
transcriptional activities. Vip3Aall protein with strong activity against Spodoptera frugiperda
was successfully expressed by CpcR combined with P7 and Pg. [Conclusion] The screened
promoter with high transcriptional activity can be used to optimize the non-sporulating
expression system of insecticidal protein, so as to construct novel bacteria for the biocontrol of
S frugiperda.

Keywords: Bacillus thuringiensis; cry gene promoter; transcriptional activity; Spodoptera
frugiperda

B b % 7% ik (Spodoptera frugiperda) & 5 H NT ERFBIRKFERIBFZEA, EXAERE

A6 26 AR 26 1 —Fh ol 3 B, RO RKERL B
(fall armyworm, FAW)! | . J& F % # H
(Lepidoptera). 7 i%Fk(Noctuidae) . K37 ik &
(Spodoptera)®, A H et 2 3 i A i 1k A [l 43

K. FERAMKBRABHYEY, FFHELR
BN FEHE BRI FEF d, 2018 4F 12 J FHb
PRI IR T E Zm A PRI, I £ 4
EAFELH, X ERLFEY - R T ™
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EREBEY, BE 2020 4, BRTHE. HiF
AR 5 A48 T R & B AL b 571 ik ER i Ab
HAK M A BT S Ry T SR A
R (AR B 48 4 ) LRI 52 e R R AR 7™ 2B 1 Y el
A, FR ERO AR AR T LA SRR A
B A LAl ARG ARSI A E A, b
PR RIRE BB R . NPT TBOoRE
2z B ia JCEE S B A B I E Ik, (&
NGB b2 R 2 x5 IR R R AR . Bl
PE B THRE BRI — R AR, AR B
BVE A EE M B iA T B, KA BT R oy
i S SRS I E R S S B

Jh 2 42 % A (Bacil lus thuringiensis, Bt)
EE A L QAR R, R R RS
T 25 MUIE 1 [R] s 25 7 [] — > 48 N 7 2R
mm A, A A A T LA R R R TS Y
Cry. Cyt&E M"Y, Mo, I =42 AT
P AB8S8 H RS LI A IR B IR R
[ (vegetative insecticidal protein, Vip) Vip3Aa,
2 R SR R R, e Bt i
B 2K AR S RIS A a1, 2 H AN
I A A I H R R A S e
WA R VRA 78 = S MATE KNI, 9 a4
ZEMIAT R GO33A %, L Won, KNI11 %
A= ) % U G B S (S, frugiperda) . S [H
[ 4k (Hyphantria cunea) il #H40 74 ik (Spodoptera
litura) #0454 A R BUE N 95 = & 2E AT
GO33A il FI 2 [ 25— AR AR 25 B C uE Y
TG, X FH SR ) HH ] 8GR F 85% LA
EUH2020 4811 iz SRS EEIE T &
Kl SRR BT IR o

PR LM 1212 J&— R HA TR R ALY Bt
i, AR AR 2 RAMERE. — 2
MUE BB, — S ah A LR A, B A A
ZENTE B AN A B A A P U T 9 7 TR AR

LM1212 Hr i 21 — A 44 g A7 A 200 3 42
[Alf(crystal producing cell regulator, CpcR)f¥) ¥
SEHEFI, CpeR HAJE T OmpR Kk, HAM
HEMIEE: (1) S5 MM ery i, B
SR F CpeR TEHLAY Y Bt kR, BEAS B &R
RZF M A M i i, I HL3i o 9 2 B Rk
IR AR E A Az (2) 25 oy #H
MFIE P, CpeRTEE MR HD73 W RESE UG T
Bk LM1212 v cry35-like 5: P8 5 3 7 1o 17,

I, A CpeR AYX WU ISRt & T 48T
P A U TR IB AR R —AF 2R R R 3R A
R, KR Bt Bk HD73 Mk EH
¥, 5l A CpcR AR5 =2 HyEE R G 3hF,

WIFEAEZE A rp R A R i E A, W
PRLMI1212 &4 14 AR R R A, B
A FE MR REARF s !, st
R 3 7= B #82 CpeR BT LR EATHY
B SRIGPE M R AT AL, AWFSE IR T3 CpeR M
i 1) 15 A S s MR R ORI S 3, FE R AL
AR R R R R R, D
B 36 b 57 PR A TR R

AR

1.1 M
1.1.1  EHS Rk

5% T P B AR AR SORE DL 36 1
1.1.2 ExE

1/2 LB #53:3(g/L): NaCl 5.0, &1k 5.0,
P BRI 2.5 LB WA HE 7% 3 (g/L) : NaCl 10.0,
EEPR 10.0, BERRHEERY) 5.0, ZFEAUE s FR 5L
(Schaeffer’s sporulation medium, SSM) (g/L): &
F W 8.00, MgS0,-7H,0 0.25, KCI 1.00,
MnCl,-4H,0 0.002, ##75 pH % 7.0, fARTINA
KT ) CaCly Fll FeSO, , 4 i 43 7114 5% 107 mol/L
I 1x107° mol/L. $i4: &K : £1.% &K (erythromycin)
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Table 1  Strains and plasmids
TR PR BT KL R Fe i

Strains and plasmids Characteristics Source
Strains
Escherichia coli TG1 ~ A(lac-proAB) supE thi hsd-5 (F' traD36 proA* proB* lacl? lacZAM15) Laboratory stock
E. coli ET F~ dam-13::Tn9 dcm-6 hsdM hsdR recF143 zj-202::Tn10 galK2 gal T22 Laboratory stock
aral4 pacY1 xyl-5 leuB6 thi-1
HD73" HD73 acrystalliferous strain Laboratory stock
HD73 A wild-type strain containing crylAc gene Laboratory stock
LM1212 Wild-type strain Laboratory stock
HD (P,-182) HD73 strain containing plasmid P,-18Z This study
HD (cpcR-P,-187) HD73 strain containing plasmid cpcR-P,-18Z This study
HD (cpcR-1618K) HD73 strain containing plasmid pHT1618K and pHT304-cpcR This study
HD™ (cpcR-P;-vip3Aa) HD73 strain containing plasmid P7-vip3Aall and pHT304-cpcR This study
HD™ (cpcR-Pg-vip3Aa) HD73 strain containing plasmid Pg-vip3Aall and pHT304-cpcR This study
Plasmids
pHT304-18Z Bt-E. coli shuttle vector harboring the promoterless lacZ gene Laboratory stock
pHT304-cpcR pHT304 carrying CpcR gene and its promoter Laboratory stock
P,-18Z pHT304-18Z carrying the promoter fragment n, n ranges from 1 to 10, This study
representing different promoters
CpCR-P,-18Z pHT304-18Z carrying P, and CpCR gene with its promoter, n ranges from 1~ This study

to 10, representing different promoters

pET-vip3Aall pET-28a carrying vip3Aall gene

Laboratory stock

pHT1618K The pHT1618K vector carries the tetracycline gene Laboratory stock
Ps-vip3Aa pHT1618K carrying Vip3Aall under the control of P; This study
Pg-vip3Aa pHT1618K carrying Vip3Aall under the control of Pg This study

TAEWREE N 10 pg/mL, RAB%EE K (kanamycin) Fl1%4
T 8 K (ampicillin) ) TAEHR A 100 ug/mL.

(1) Z-buffer (g/L): Na,HPO, 7H,O 16.080,
NaH,PO4-H,0 5.520, KC10.750, MgSO,-7H,0
0.246, RGP pH = 7.00, HiEAGERIAT
(2) “RAEER-B-D- ML~ FLBE 1T (ortho-nitrophenyl-
beta-D-galactopyranoside, ONPG): F§FriEf) 0.4 g
ONPG & TF 100 mL Z-buffer, JfH#H4 L,
T=20 °CukFihRfr#5 M. (3) 1 mol/L Nay,COs
I (g/L): Na,CO; 106,

1.1.3  EZE RTINS

BRI N DI . PrimeSTAR HS (Premix) DNA

HRAHA T4 DNA ¥EH:HE, TaKaRa /A H]; DNA

Ji2 (DR Bk R EBGAR £, Omega 24w ; PCR ™
Walif iR &, Axygen 23wl 5 25 L R 2H dl 420
g, A REERHCA PR\ 5 Bradford 17,
gL GRS IR FL BIP AT LR 2,
SIE A A TAY TR R A FRA F 58
B FEREFFNNT, JE S AR R A R
NEl BRAMYIEEEETE, SRR (R ED A
B Wi, BARE I EARAF .
1.2 #HirHiE
1.2.1 RB#HTFa lacz BRERESHENEE
T AR R O A B TR 82 CpeR
PP, S NTE RN S Bt mbkh (B
CpcR M F#k HD73 F1ZRik CpeR Wk HD73)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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Table 2 Primers used in this study

Primer Oligonucleotide sequences (5'—3") Restriction enzyme
names cutting site
1F CGTCTAGATCCTCTACTGAAATAGGTAGTACC Xbal
IR AGCATGCATGAGTTTTGGC Soh1
2F CGTICTAGACTCTCGTATAAGTAATGTAAGTTTCT Xbal
2R AGCATGCACTCTTTGGTTTAACAGCATAAAG Soh1
3F CGICTAGACCCTTTTTATATTTTATATTTCTTAAAACACC Xbal
3R AGCATGCGGAAATTTGATATTTTTATAGAATTTTAGCAG Soh1
4F AGCATGCATGAATTCACCCCCTCGT Soh1
4R CGTCTAGAACATATTCATTTCTATCCAAATCGTAACT Xbal
SF CGICTAGATTTCTACTGAAATAGGTGGTACCTCTC Xbal
5R AGCATGCTAAATGTTTTCGGATACGCTTCTTT Soh1
6F AGCATGCTTCTATATTAGAATCATTTCTTGGACGTCTCG Soh1
6R CGGGATCCCCTCGTATATTAATATTTAAGCCCTATTCCAAG BamH I
7F CGTCTAGACCCTTTCGGATTAATTTTATAATAC Xba I
7R AGCATGCCCATTTTCAAATCGTTTAGCTTTTTTG Sph 1
8F CGTCTAGACCTCCCATATTCTTTTTGTATAGTGATC Xba I
8R AGCATGCGCTTAAAAAACTTGGTAAAAAAACATTTTATG Sph 1
9F CGTCTAGACCCTCGTAAAATATAGTTTAGATAAGTATTT Xba I
9R AGCATGCCAACTTTAAAAAGGTGCGTGATTAG Sph 1
10F CGTCTAGACTCCTTTTAAAAAATCAAGATATAACTTGT Xbal
10R AGCATGCCTGCTTTTCAATCCCTTTATTTTCAAC Sph 1
cpcR-F  CCCAAGCTTTTATGTGTCTAGTTTATAACCAACGCC Hind III
cpcR-R  AGCATGCTTCAAATCGTTTAGCTTTTTTGCACC Sph 1
P;F AGCATGCTTTCAAATCGTTTAGCTTTTTTGCACCAG Sph 1
P;R-Vip TAATTTAGTATTATTCTTGTTCATCAAACAGTTCCCCTTTCGGATTAATT

VipF-P;  ATTAATCCGAAAGGGGAACTGTTTGATGAACAAGAATAATACTAAATTAAGCACAA

Vip3A-R ACGCGTCGACCTACTTAATAGAGACATCGTAAAAATGTACA Sal 1
PgF AGCATGCGCTTAAAAAACTTGGTAAAAAAACATTTTATGAATAAA Soh1
PgR-Vip TTAATTAGTATTATTCTTGTTCATGATCATTCTCCCTCCCATATTCTT

VipF-Pg  AAAGAATATGGGAGGGAGAATGATCATGAACAAGAATAATACTAAATTAAGCACA

AGA
RIS B

Underline is the restriction site.

SIA 10 ME B TFEG lacZ ik 3k R i Rk 3k
T, IR BB RUBE T G E . AR TR SR N 21
TR S HE R Pk LM1212 (5L [ 41 DNA.,

R LM1212 FER 47501t b RS,
W2, LIERE LM1212 (541 DNA Bkt
P10 R B R J5 3 F X5, PCR [

K & . PrimeSTAR HS (Premix) 25 pL, [,
TSI (10 umol/L)4% 1.5 uL, &R 44 #i
(100 ng/uL) 1 uL, ddH,O #F& 50 uL. PCR Jx
I 4. 98 °C 3 min; 98°C 10s, 55°C 15 s,
72 °C 1 kb/min, 30 MMEFF; 72 °C 7 min; 12 °C
10 min. S F 5 b bR A BR i 5 53 0 %t

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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10 MARBEEFE S FREH lacZ A FE
pHT304-18Z FHAKSEATWEGY], SR &I 7%
A E.coli TG1 BRkHPRFEA T L7 %E
PAFIEMH I 10 DT TTRL, 7375244 Pr-18Z
(n RFEBHTWTFS). Lo, HE—H4 cpeR
FEIFShFEIA LR EA TR, 25lda N
CpcR-P,-18Z (n KRB FHIF %), WHRRE
WE 1R SRR 20 S ELLFOREE L E. coli
ET Wtk, 4ok B b, dF i d o
A\ BtHD73 &tk , 439lar44 0 HD (Py-18Z)
1 HD (cpcR-P,-18Z) (£ 1)
1.2.2 £S5 FKIE Vip3Aall EAMEFEE

P RE 1.2.1 R K) PCR SR R FNAAE, LU
LM1212 J:[H 21 DNA Sh#5it, P-F Fil P;R-Vip
1Yy, PHEH cry35-like2 5 cry35-like A |
if 220 bp WIH B F X P, A B . LLJEKL
pET-vip3Aall (546 % RAF) A IF L VipF-P;
A Vip3A-R N5 49 14 vip3Aall 3K A B,

LM1212 genomic DNA

ind 111

{J

pHT304-18Z (9.7 kb)

aé.—
g8
S

Hi

A S
ol Sac |

—_—— > —
ermC  bla oriEc

pHT304-18Z

Xba l/BamH T _

HREBR/NN 2 368 bp., RJEH5IY) PF
Vip3A-R ¥ ik 2 M Biff7HES PCR, ES
PCR /) 52 W /& % : PrimeSTAR HS (Premix)
25 uL, 5% P;F F1 P;R-Vip (10 pmol/L)#% 1.5 uL,
P; A Bt vip3Aall JE[H A Bt (100 ng/uL)4%
1 uL, ddH,0 #MgE 50 uL. PCR Sz b &% 4[]
1.2.1, #E& PCRGEIM B K/INA 2 572 bp.
W ESE A BS pHT-1618K ik TUkL[w] i FH
Sph IF1 Sal 1A AGY), Ff il T4 DNA 54
WA TiEse, W Wi A E. coli TG1 Bk
B, SRS TR, 4% IF 1 Y T 41 5OkL
P,-vip3Aall %k E. coli ET Fitk, fdi ok = HI 4L
b PRI L AL BORE pHT304-cpeR /Y
Bt HD73 #AkN, HILF4 PCR XEIEM, v
%4 HD™ (cpcR-P,-vip3Aa) (% 1).

P A 1.2.1 T ) PCR MR R FNEAE, LU
LM1212 J: [N 2H DNA S#6iti, PgF il PgR-Vip N
219, @it PCR #7341 cryd5Bal. cry74Aal

pHT304-cpcR

PCR
v v

Promoter 1-10 cpeR and its promoter

Sph 1

Sph 1

cpcR-P -18Z

1 cpcRFMBEHFE lacZ B & HIFWERIZE
Figure 1

Tel: 010-64807511;
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H1 NT32-like A F i 490 bp M5 3T X Pg A
Bt AR pET-vip3Aall (SLH6 2 {17 ) Nt
F£LA VipF-Pg Fl Vip3A-R J5 #1434 1 vip3Aall
FER A B, HAB K/ A2 368 bp. X5 F5I
) PgF Fl Vip3A-R ¥ 3A 2 4~ F BLlkf 788 PCR,
#& PCR WA ZR: PrimeSTAR HS (Premix)
25 uL, 514 PeF 5514 PgR-Vip (10 pmol/L)5%
1.5 uL, Pg A BEXaf vip3Aall £:4 F B4 (100 ng/uL)
% 1 uL, ddH,0 %M 50 pL. PCR JZ i 514 1A
1.2.1, #E& PCRFHEIM A7 B K/NA 2 870 bp.
B EBG A B pHT-1618K 3 1k Ji ki [H] i) i
Sph IFI Sal LA XY, Jfad T4 DNA 40
VTR, PSR YIAE E. coli TG, 4%
ERAREZH Tk Pe-vip3Aall ¥ A E. coli ET
PR, BRI B S, FE I e Tl 5 ook
pHT304-cpcR 1) Bt HD73 H#tk N , #44k T4 PCR
WETEH, 44N HD™ (cpcR-Pg-vip3Aa) (£ 1)
1.3 K&z

¥ Bt WARTESH 10 ng/mL ZI%ZE W LB
SEAR AT RIZ, 30 CCREFRAAEESE 10-12 h,
eV E PRI SR AT 10 pg/mL 21
FF 2 M 5 mL LB KRS, 30 °C.220 r/min
Bi9% . K H W 1 mL 545 100 mL SSM ¥ 4
B b $EATE I 1 mL FE S E 9] 16 ODggo s
TE 30 °C., 220 r/min FEIRGRELEE TR . B 1 h
HURE DU 22 OD oo o 515 21 1 BT A5 BU0HE 1 [ 22 1
AR, i T 3 MEYEER .
1.4 B-HIAEEEFMEANE

¥ Bt BHRAES A 10 pg/mL 215K LB
il ERIZ, 30 CCREFRA R SR 1012 ho 15
M PR S R, R R A M A R
() 5 mL LB ¥ 5, 30 °C. 220 r/min K571t
o WHL 1 mL B 4% 4223 100 mL SSM ¥ 455
FRIF, HiFRE TO B (ODgoo 214 2.0-2.2),
FURMEIBE 1 h BUFE, 4 °C. 12 000 r/min .0

1 min, % E{F, —20 CCAMBAATE . MR
FEFMA 500 pL Z-buffer, HIAGE & £ Fb it
FrRZWERE 2 min 30 s, BEFRJS BT ok . 4°C,
12 000 r/min &5.0> 5 min JGBCELEVK F, MR
2 mL Ep & il A 700 uL Z-buffer 1 100 puL Ak
e B 3, A 200 uL ONPG, FiRiEiR
AJE T 37 cCHEMR T b, FFcsf N IF[a]
JE AR R I R AR In A 500 uL Na,COs
ZAE RN, FHCsE T RV EEHAF A, i E ODay
{H. AN =8 AR BRI ZE S min DL, 7]
DUTE SRR IR L3, Ml o Be 1
2 mL Ep il A 750 pL Bradford JiZ )7 i 5 il
15 pL SR 80 5 FTRAAR B35, DUAE ODsoso

OD,,, x1374
Ax Bx(OD,,, —0.0618)

i AR ] (min); B AR AR (mL).
1.5 Bt F13RIE Vip3Aall EEB &N

¥ & Vip3Aall RiAEMKM Bt HEFF
A 10 pg/mL 2075 £ 1100 pg/mL KA E R 1)
LB A |, 30 °CH;55 10-12 h ZR AR,
PRBCATEVE T 5 mL &4 iR BirkRy LB ik
FiHrh, 30 °C. 220 r/min 535 10 h, #% 1%3%
Fh 56423 300 mL 1/2 LB WARRE 323
30 °C. 220 r/min $53% 36 h, 4 °C. 7 500 r/min &
> 10 min YAE A . B— /NI4T AR T B4k
BRI, BEAER FEEERBN K
K, R AT LSS W TR A T AR R
%WERE, FT SDS-PAGE Kl Vip3Aall & H
e Sy [PV
1.6 EMh PR 40 A E A HE M E

W ORFER) Bt R T %A 10 pg/mL 215
FF1 100 pg/mL RABEFZ= AT LB BIAR =4 |,
30 °CHEFRZY 12 h 2K H HLPEVE o PRI TR 7% 1
FiF 5 mL SAMMNBUER LB RIAE SR,
30 °C. 220 r/min 553% 10 ho, W HL 3 mL A9 TIR

Protein (units/mg)=

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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B 300 mL Y 1/2 LB WiARE 3R 54, 30°C,
220 r/min 3757 36 ho B W UL F] 50 mL &0
G, 4°C. 6000 r/min Z.0> 10 min, 37 FiE.
KR B IR KBRS DR 2 ), #EA
—80 °CUKFH AT 2 do SRJG LB TEVR VR T8AY
H 3 d FERAREUR AR

FREL 10 mg BRI T 10 mL 9 KB KH
e B BE R 1 mg/mL BRI . He5 LK
RIS, 43 VRS AR T AN ] P v B o R EBCHRE T
Feir e N TR 15 g BT R, FHok ik
Fe 2 TCH B ORI 3 mL RRIAE AT
BISHRINEE AL R Z, iR 5395, =
T E — Bt a], kb 2 K 2K & .
FRIEATIE IR 5T 43 26 5] 24 fLtkh,  [RIERE
T b R AEFLRE ) — 0] 5 &)y HOAR ep 3 1
FIAC L, KBk, X i g st 22 3F m
L BB R 2 g AL, —FL—
W F T 14 24 FLARF RS 47 55 0 FH 35 7 w2 4
TR R ke L e, By 14 R AL

W 24 LA E TG EA 16 L:8 d, AHXTE
BE 65%+5%, JmBE(27+1) CCHFEhizEh, fK
JE B WS IR R I B 0 . TRDRR AR
KSR RBIER, 7dEiCRRMIETE N,
IR EE, TR ER T RARXWT, I
H PoloPlus #4115 LCso

; o ro, N HEFEIE 28 — AL PRLFLAE T

BEEFE T 00 X I
A XTHRAIETRAE 20% L0 T A s 45 2%
ABR, JHRAIET ML 20% W56 0N

2 BZRE5OM

21 EMEEESNER LMI1212 FRH
ERREBEHT
TERBR LM1212 364 14 Rk U 10 4>

Moo, H crye9Aa-like, cry4lCal #l
cryBP1 BER LA ¢, K HF 31 X w44 Py,
cytCa-like JEH 1) 8 F X A 44 4 Py, cytAa-like
BRI E 3 F XA 444 Ps, cryBPLJEF I JE 3
T X A4 M Ps, cry69Aa-like, cry32wWal it A 1t
ek, WMHESFIXAr4 0 Ps, cry32Val 2
MR T X4 N Ps, cry35-like2, cry3s-like
BN SLE 53 M HOR 27 XA 44 4 Py, cryd5Bal,
cry74Aal fil NT32-like J [F 4t 4% 5% 8 HOH 87
X A4 K Pg, cry32-like 3L (1 5 3 T X v 44 M
Py, MTX2-like J:H A B+ X A4 A P X
S LR K R Bh A ROk B A E AN 2
Fi7s, IR EFRTE X R R A58 1 ) IS 3 1
XA

FIFHAEL M3 MEME suite 5.1.1 (http://meme-
suite.org/)X IR 10 ANJE 8 FIr it T T 4%
SEEF TN 5 40T o S50 5 RTE Py Ps. Pa.
Ps. P; il PgJii 8 7 ¢ 9 h B fE e — B AR sr 19 )
51, TiTE Pa. Pe. Po Ml Puo Jii 81 F [T 51 HH AR A7
TERSY AN (B 3), R A1 e 41 5 i3 F0 i)
CpcR-Box!" G4 & &4, PHILHEI HLA 4
SIS A 31 A RE 2 2 B 5E S I F CpeR (1)
2.2 §HiEF CpeR BPIEMFRHERBHTF
221 BaiFMlacz EEMAEREEKRE KT
Ze BN E

H T E A OB R E R HD73 1R
Kla#Aa s, DI AERIEME HD73 i,
A3 3 4L B bk HD (P1-18Z). HD (P-182).
HD (Ps-18Z). HD (P,-18Z). HD (Ps-18Z). HD
(Pe-18Z) . HD (P+-18Z) . HD (Ps-18Z) . HD (Po-18Z).
HD (P10-18Z). HD (cpcR-P;-18Z) . HD (cpcR-P,-
18Z). HD (cpcR-Ps-18Z). HD (cpcR-P,-18Z). HD
(cpcR-Ps-18Z) . HD (cpcR-P-18Z) . HD (cpcR-P+-
18Z). HD (cpcR-Pg-18Z). HD (cpcR-Pg-18Z)Fll
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>

490 bp
pLM248 —& crij]> cry41Cal > cry69da-like
220 bp
pLM248 — 00090 3 P, eviCa-like >—

490 bp

<
pLM248 —< cytAa-like P; l— 00093

487 bp

425 bp

P, | cryBPI

pLM248 —i 00|9> cry32Wal >- cry69da-like >
345 bp
pLM248 Py @ crv32Val
202 bp

=
pLM248 00252 | P,

cry35-sze cry3s-like?

cryd4iBal

N
>

490 bp
pLM158 NT32-Iike> cry74dal >—
490 bp
pLMI13 cry32-like
298 bp

pLM113 00101 Py

2\

E2 @k LMI212 REEEBSFHNEXRRE

—

MTXZ-Iike>—

Figure 2 Strain LM1212 insecticide gene promoter position relationship map.

HD (cpcR-P1o-18Z)iEA7 A K Mk Il €, M
AR R I 25 SR 0T DL A A R S
AR R HD73 A KBS —3, FPx
BRI AN S E M HD73 14K
(F 4),
222 FHEEBFEREEIN

B->F- FLHFT S P45 S R - ZEF R HD73
HoRGIA CpeR FRikh}, PygshFERAEK
ARSI PE AR, 5IA CpeR KikJ5H %

TGEPETE TO-T8 IR ZM FTHES (& 5A); Ps
A S FAEREA A K R p SR i R R A Y
100 units/mg-protein, 5| A CpcR Fik)5, Fisk
TEVERA AR e (& 5B); Py B F7ESIA CpeR
FRFH IR B, FRiEtEfE T1-T4
IF I SR A, FE T5-T7 B AR 41,
T8 B ATE M XA B BT+ (B] 5C);5 PsJa sl 31 A
CpcR Fik J5 5 s G vk B B4R &7 , TG PE7E TO-T8
B HA 2 7 T #(& 5D).
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A
Name P-value  Motif locations
Promoter 1 1.96e-19 f L I
Promoter 2 4.90e-1 t
Promoter 3 4.83e-13 L
Promoter 4 1.46e-15 J_r E— L
Promoter 5 9.04e-20 f .
Promoter 6 9.81le-1 ir
Promoter 7 2.29e-18 f L S
Promoter 8 23116+ .
Promoter 9 1.62e-1 f
Promoter 10 3.83e-1

Motif Symbol Motif consensus
1. BB TGAATAAAAWWWACAYAADATTTMCATCWTMKATTYAYATGTAVTTGYTA

B

Promoter 5 ACTAGAATCG AACAAAAAGTACATCAAATTTCCATCCTC TTTACATCTACTTGCTA TATTGGAGAGGTA
Promoter | TGACGATCTG AACAAAAAACACATCAGATTTCCATCIGAGATTTACATGTACTTGCTA TATTGGTAAGGTA
Promoter 7 AAACTCTGTG AATAAAATAAGCACAATATTTCCCTCATCAGTTCATATGTCATTGCTA GACTGAAGATGTA

Promoter 8 AAACATTTTA AATAAAATTTGCACAAGATTTACATCAACTATAAACATGTAGTAGTTA TATTTAATACATG
Promoter 4 AAGGACGGTA AATGAAACATACACAACTTTTACATCACCTATTCAATTGTA TACTA TGCTAAGGAGGTA

Promoter 3 CTCATATGAA TAAGTAAATATAACCTATTGTTTACATTTTATATTCATATCTAATTGTTA ACATAATTATCAA
=35 -10

oA I TLIA GA cC(AJ'rA crli‘ ALG IE %chc AAT !

3 FHEFBHFXORTFFISH A ¥ 10 MR8 T XEUFHI#EFT CpeR FR~1 357 A T Al
oyHr, Horai A 2D 6 XY IR 8l T 3R R T BE AL B sk T CpeR E‘JIEJ?E; +: IEXHE; - B XEE B
Ps. P1. P7. Pg. Pyl PoJi 8 FIX AT 5 LX), X 26 cry SRR AE bR LM1212 R 3L, A BESZ CpeR
PR . R A XK 6 DR 3 LR SF Y 50 bp DNA J¥41(CpeR-Box)

Figure 3 Conserved sequence analysis of promoter region of insecticidal gene. A: The 10 promoter region
sequences were selected to predict and analyze the CpcR conserved motif. Promoters with red regions may be
regulated by the transcription factor CpcR; +: Sense strand; —: Antisense strand. B: Alignment of the
nucleotide sequences of the Ps, P4, P7, Pg, P4, and P3 promoter regions. These cry genes are found in the strain

LMI1212 and may be under the control of the CpcR regulator. The colored regions correspond to a highly
conserved 50 bp DNA sequence (putative CpcR box) in the six promoters.

HH A HdHA

Bits
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A -0 P-18Z
= P,-187
-+ P-187
-+ P-187
-+ P-1872
- P,-18Z
® P.-18Z
- P-18Z
A P-18Z

—

e

L=
1

56 7 8 9101112 4 yp73

B
10.0

TR BN P!,,-ISZ

-©- cpcR-P-187
= cpcR-P,-18Z2
- cpcR-P;-18Z2
- cpcR-P 1872
- cpcR-P-182
= ¢pcR-P-18Z
® ¢pcR-P.-18Z
B cpeR-P-187Z
& cpcR-P 182
N-cpcR-P,-187

1 1 J

012345678 9101112 «HD73
h

4 &lacZ MEEFFEREKBLE A % lacZ 45 5 M E 80 T 1Bk HD73 A4 K i 2 5 87 4=
I Pk HD73 LK. B: % cpcR JEH A laczZ it 3L [ K 8l T B i kk HD73 58P A AU kK HD73 B

fh £k L

Figure 4 The growth curve of strains containing the lacZ gene. A: Comparison of growth curves of strains
HD?73 containing promoters fused with lacZ reporter gene. B: Comparison of growth curves of strains HD73
containing CpcR genes and promoters fused with lacZ reporter gene. Strain HD73 as a control.

Po i B FTEREA R K AR R e SIS PEBAIR, 5
A CpeR KikJa, FeaihEW 25w (& 5E);
P7 JA B FAEREAN A K B rh S SR G PR AR, 5
A CpcR £ ik )5 , o 3 P, %% s iG YEAE TO-T6
A A S i PE RS ol T7 B B S S s PRk 3
24 10 000 units/mg-protein (¥l 5F); PgJi s+
TEREAN A G R P B SRTE R BLAIG, 5] A CpeR
PR 5 7 FIG PR AR, TO-T5 B 5L % 0%
PERELL R, 7E TS B BRI &G G PEs 2 4
50 000 units/mg-protein, A5 27 5 T %
(P 5G). DL ERIRAIREW] CpeR AT LAY
I P1. P3. P4, Ps. Ps. P7 Al PgJii 8l 7 5% 5%,
WAL, B-FFLBE il 5 1 e D 45 2R (I8 6)
R, TERR HD73 HoRk5| A CpeR ik,
Py, Py JA B FAERE A A I B v e SR TS 1 1 4%
ik, FIA CpeR JE#% %1% P IoH] B 22 k(& 6A
6B), Bl P,. PoJrisliF A3 CpeR MYIHHE; i
P B 81 FIERE ¥k HD73 K5 A CpcR £ ik
Bf, B ibrhss s, TO 2] T8 B M 5% 3% 3% 1
oW MG R, FE T8 W HA SR UG M B K 4

45 000 units/mg-protein, {H5| A CpcR ik J54%
SR YRR 0 Y T R, FE T8 B A SR TG P 2
ik#J 8 000 units/mg-protein (Kl 6C), #EW P13
8752 %] CpcR LA .
2.3 % CpcR FIEMRRER S FHIEE
SRR ML

A IR R AT H, SR8 P, P,
P, Fl Pg A 5% S5 Rl F~ CpeR i HL 5% s i 1 4
w L, K #k HD (cpeR-P1-18Z). HD (cpcR-
P;-18Z) . HD (cpcR-P;-18Z)#1 HD (cpcR-Pg-187)
AT Bt UM TS PR LB AT, 4
M, cry35-like2. cry35-like 2K 153 35 1-(P7)
1 cry45Bal. cry74Aal. NT32-like 3K () ) 5h
F(Po) e s G PEA X B v (B 7).
24 EUEMBIITFIESRIL Vip3Aall EH

¥ HD (cpcR-P;-vip3Aa)., HD (cpcR-Pg-
vip3Aa)Fl HD™ (cpcR-1618K) AR 7E 1/2 LB {5 3#
Ferh R 3R % 36 h AT B A AR AR RS . 5
XF BB Hk HD™ (cpeR-1618K)AH FL(IK 8A), itk
HD™ (cpcR-P7-vip3Aa)5 HD (cpcR-Pg-vip3Aa)
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B-galactosidase ac

(units/mg-prote

5000

2500

Time (h)
E 1500 o p-187
g _ & cpcR-P-18Z
= F‘:‘é:@ﬁﬁ
0 1 2 3 4 5 6 7 8
Time (h)
G 60000
2 ( Hf\
:EE\A:r\nn T T
0 1 2 3 4 5 6 7 8

Time (h)

[-galactosidase as
(units/mg-prot

Time (h)

Time (h)
12 000" - P-187

& cpcR-P-18Z /./.\.

Time (h)

5 EHEHRTF P P3v Py Psy Pov PoF1 Py BRI FRUEERIEMME  A-G AN E 8 F Py
P3. P4, Ps. Ps. P7 Al Pg A% SIGPE. BFIH] O (TO) MAGEL M BIIG K A5 ; Tn ol TO J5 n /e
Figure 5 Transcriptional activity of promoter Pj, P3, P4, Ps, Ps, P7, and Pg in recombinant strains. A-G
corresponds to transcriptional activity of promoter Py, P3, P4, Ps, Pg, P7 and Pg. Time zero (TO) is the end of

the exponential growth phase, and Tn is n hours after TO.
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. 200 - P.-18Z
& cpcR-P-187

2 200

£ 100 -

[3-galactosidase activity
(units/mg-protein)

B 600
o P87

- cpcR-P,-18Z

400

200

[-galactosidase activity
(units/mg-protein)

0 1 2 3 4 5 6 7 8
Time (h)
C 60000~
-e-P,-18Z
o) ~
2 =5 - cpcR-P 187
Z £ 45000
o B
g =
< e 30000+
g E
R
5 2 15000
&
L I L 1 ]
0 1 2 3 4 5 6 ) 8

Time (h)

6 FEHEEFEKP Pov PoFl P BRI FHIRRIE
MMUE  A: P38 TA% CpeR 1% B: Pyl
B F A% CpeR A¥E. C: Py Ji 81 F5% CpeR 5
Figure 6 Transcriptional activity of promoter P»,
Py, and P19 in recombinant strains. A: The P,
promoter is not regulated by CpcR. B: The Pg
promoter is not regulated by CpcR. C: The P
promoter is negatively regulated by CpcR.

PR d AR R (K 8B A 8C), 1itH
TER PR HD73 Wl 2335 T Vip3Aall M. N
E—2H Vip3Aall & &SR K HD73
WINFEik, PAFEME HD™ (cpcR-1618K) 2y FPEXT

25000 - @ cpcR-P,-18Z

¥ cpcR-P,-187
20000 - g cpeR-P-18Z
15 000 L - cpcR-P- 187

10 000

B-galactosidase activity
(units/mg-protein)

5000

Time (h)

7 % CpeR BIEHI BB FHRIFMAIELE
Figure 7 Comparison of the transcriptional activity
of promoters regulated by CpcR.

I, Btk HD™ (cpcR-Po-vip3Aa)Fl HD™ (cpcR-
Pg-vip3Aa) 4T SDS-PAGE HiJk#a il . 2540
Kl 8D 7, B #k HD™ (cpcR-Po-vip3Aa) i
HD™ (cpcR-Pg-vip3Aa)7E 85 kDa LA fFAAEH I
57 B Vip3Aall # [, [RIEF7E 60-70 kDa Z [i]
FETE D —2k40 , HEMNZ 454 2 Vip3Aall SRHTE
55 1M S5 R T I A 1 I B U0 R 9 o 2
ko 23kt nY B Y S0 2 8 1 B A

SRR, EOAMERNERIIAREN,

k54 3070-AAR36859.1, 4> TN 88 kDa,
WL R 5.05, P A o 203l 88% 1 86% ,
RI7E R bk HD73 1 i1 P2 )i 8 1 Fl Pe i 2 45

1) Vip3Aall FEHFEIERI .
2.5 HEYEMNEITHIEFRIARERSE

N T B AR HD™ (cpcR-P7-vip3Aa), HD™
(CpcR-Pg-vip3Aa) 1) A4 HL i& ¥, LI ¥k HD
(cpcR-1618K) A FAPEXT R, LUK 5 b 57 7% ik A5
B A BOEPER AR PP B RR KINTL SRy BHA X E
76 1 mg/mL F1 100 pg/mL BIWEE T, #HATE HD
TR Mk B = N AE TG E . SRR,
FIHAEZF MR RA R FRIX AT Vip3Aall HH
5 KN PR AR A H A HUE P A 24 (3R 3).
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A B nEAN C

[

10 pm 10 pm

8 EEMBEEITFIESFRIL Vip3Aall EH

10 pm

A: ¥k HD™ (cpcR-1618K) @ 5. B: itk HD™

(CPCR-P;-vip3Aa) B i Bs k. &7 k48 /8 d A, C: T kk HD™ (cpcR-Pg-vip3Aa) i il /il #8718 A A,

D: SDS-PAGE #illl Vip3Aall HHFE XN, M: ffEEN; 1.

HD (cpcR-P7-vip3Aa); 2: HD

(cpcR-Pg-vip3Aa); 3: HD™ (cpcR-1618K). #isk4/x Vip3Aall & [ 4547 LS H 35 U1 J5 16 % 2 ik

Figure 8 The highly active promoter directs the expression of Vip3Aall protein. A: Microscopic detection
of HD (cpcR-1618K). B: Microscopic detection of HD (cpcR-P7-vip3Aa). Arrow represents crystals. C:
Microscopic detection of HD  (cpcR-Pg-vip3Aa). Arrow represents crystals. D: The expression of Vip3Aall

protein was detected by SDS-PAGE. M: Size marker protein; 1:

HD (cpcR-P;-vip3Aa); 2: HD

(cpcR-Pg-vip3Aa); 3: HD (cpcR-1618K). Arrows indicate Vip3Aall protein bands and their cleaved active

peptides.

3 WREER

AHBFFELL B bR LM1212 10 4% dU LK 5 3h
TRt 4, O H AR P8, RS A
CpeR MIRIBIA T SIEMER I E , B IA 3+
Py, P3. Py, Ps. Py fil Pg 3447 7E—BIANHRST
HIFES), H5 CpcR-box #/rE S, XL 5T
e B- P UM R TR A, RBUCEAESIA

# 3 Vip3Aall EB X E i 2 R A F 40 HAVRR
EZRTHR

Table 3  Corrected mortality rate of Vip3Aall
protein against Spodoptera frugiperda (%)

BBk Strains

¢ JF Concentration

1 mg/mL 100 pg/mL
HD (cpcR-1618K) 8.40 -
HD™ (cpcR-P;-vip3Aa) 100 63.77
HD™ (cpcR-Pg-vip3Aa) 100 71.09
KNI11 97.09 62.31

- JoAHEE

—: No insecticidal activity.

CpeR MRILG, Bl sGrt BA U B,
BIB% cry35-like B:K #5841, CpeR ik Al LA
PR LM1212 B bk o 2R HOE R S 301

Pt 2 152 CpeR R4 1 48 T M B
B¥ Pr. Pg, M THEAEZEMR R I RINIK
%, ) SDS-PAGE il & ¥, 7t 88 kDa /=47
FEAE Vip3Aall R H YA, BIA 2R &R
WINFIEH T Vip3Aall &, FBFE 60 kDa
ELHFEN —&FH0, @SS e mES N
Vip3Aall &[4, 60—70 kDa 2 [f] it 47 7] fiE &
Vip3A 25 FITE 5 Bk 55 1 B R AR A g B U)oy
MG PEZ R

Bergamasco 55 [ ©F 5% & W L Ml B 7K ik
(Spodoptera frugiperda). V. #i: %k i (Spodoptera
eridania) &M 77 1 (Spodoptera litur) X} Vip3Aa
Fl Cryllal0 & A UK, H A &8
I LCso AL, Hir X BL b BT 0 . 11 56 B A
REECROE AT B — 2% HUEE AR W0 PRI e
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Vip3Aa EM I Cryllal0 BEAZL, RIS
Vip3Aa Fll Cryl 88 F7EXT B BTk . RHEL
WA A E R T Bk, W RARIH
Vip3A 5 HAWS RE A PMEE A ER, XF
e b P MR A B AT A IR R, e IR s
(Syngenta) . FEH-(Bayer)3 /23wl | FH A A & 3
w2 Al 2 FP LB R R A —FER
FELHAT PR AT S BN 36 g s ol 2O

AR AR ZF S R R R R L
B N, I B s Y Y IR B Ko o
BORIAYERE I CpeR MR, 7 HD73 &
PR S 5 IR 7R AR 2 A A0 i P s Rk
A Ay S PR B b T R 1) S 8 TT FRSE B IR SR A

VAR, BE— 20 N IF R R AR SE B9 Bt )™ b B8
SE LA o
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