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Ik o FKRSE N T ARRAF ST oo Sk
KAy fgiE o> B85 2 MR IR, 28 E N
B398 ZE AT 1 ( Brevibacillus brevis CQUBb, GenBank
Accession Number: FJ966073 ) £l 75 = 4= 2F f T &
( Bacillus thuringiensis CQUBt, GenBank Accession
Number: F]966074 ) ,2 [ ¥k 24 SR8 K 4 4 Hu
Y TG SRR R L AR ST DX PR T
Syt R, RIS ) F pro3a ANHRAS A gh'
* F & % f#1 PCR ( Gene Splicing by Overlap
Extension PCR,SOE-PCR) 177 44 @ 2R A AT 1 363k

AR 2 AR A 2 BRBFAE TR AR, FEE GFP
PRICEE , IF AR 2 P, S WIS MR T R A
HUiE A AR A AR 2 | R A B AR A AR A
VLR AT R 8 R GEI T R BE LA

1 Mok 7 %

1.1 ##
11,1 ok A A A 5% T FH B TR Ak L JBkE S Ly
AEFIRIE L 1,

®1 TR ARG ERERA

Table 1

Strains and plasmids used in this study

Strains/ Plasmids Characteristics

References/ Sources

Escherichia coli JM109
Brevibacillus brevis CQUBb
Bacillus thuringiensis CQUBt Amp~, Erm~
Escherichia coli- pHT3AG Amp™ , Erm”
CQUBb-pHT3AG
CQUBt-pHT3AG
plasmid pMD18gfp
plasmid pHT305a Amp*
plasmid pHT3AG

Amp~ , Erm~

Amp~, Erm” Amp~, Erm~ , without cry3a gene
, without ¢ry3a gene

, carrying pHT3AG

Amp* , Erm” , carrying pHT3AG

Amp* , Erm” , carrying pHT3AG

Amp* | 3.4 kb, carrying gfp gene

, Erm” |12.7 kb, carrying cry3a gene
Amp* , Erm” ,8.5 kb, carrying gfp gene

TAKARA Lid. JP

Stored in this lab

Stored in this lab
Constructed in this study
Constructed in this study
Constructed in this study
Stored in this lab

Dr. Lereclus

Constructed in this study

Note;: CQUBb and CQUBb-pHT3AG were cultured in T2 medium'”’ at 37°C , other strains were cultured in LB medium at the same temperature.

L1.2 %5 50 A1 AL 4% : PrimeSTAR HS DNA
Polymerase i 5l| &5 . Taq B 7] & . T4 DNA % B2 |
A0 BR i 4 P9 Y1) B . DNA Marker DLL15000 250 bp
ladder . Protein Marker D530B 4 H 4 ( KiE) A
R\ 7] (TaKaRa) ; ok /MG & F 5[ Axygen
o8] BERE RS & W B H R Bioflux 23 w5 HiAth
R R e B A gl ASBIFSEAE Y 32
BALERA : A1 % FL AL (Gene Pulser II, BIO-RAD,
USA) ; %2 )% i 7 B ( Fluorescence Microscope U-

CMAD3, OLYMPUS, Japan ) ; PCR 1% (iCycler, Bio-
Rad) ; SDS-PAGE £ 4t ( PowerPacBasic 1000, BIO-
RAD)

L1.3 51945 pHT305a FF5I 51914 O1F
OIR, ¥¢ 5V 4 pro3a Jv B i pMDI18gfp [¥51]1%
TG IH%F 02F 02R R Sty 18 gfp BL 1A 5 A4 84
pHT304 533151 %) 03F 03R, 45 F 14 4h
AT, 1€ O1F 02R L il Ui {57 »5 AR 4 i I
1P AR 2,

*k2 XHARABNSIY

Table 2 Primers used in this study

Primers Sequences of primers (5’ —3’) Product sizes/ bp Restriction sites
OIF GTCTGGATCCGAAATTAGTTATACAAGCATT 1099 BamH |

0IR TCGCCCTTGCTCACCATTTTTCTTCCTCCCTTTCTT

02F AAGAAAGGGAGGAAGAAAAATGGTGAGCAAGGGCGA 746

02R CTATGCATGCTTACTTG TACAGCTCGTC Sph 1

03F AACAGCTATGACCATGATTACGCCAAG 1890

03R GGTTTTCCCAGTCACGACGTTGTAA

Product sizes included the sizes of corresponding primers; The restriction sites were italic and bold; The sequences underlined were complementary

sequences with the other DNA fragment; All of the primers were synthesized by Shanghai Sangon Biological Engineering Technology & Services Co. , Ltd.

1.2 EEEMR PCR HEEHRH

2.1 JFORIALH R S S0 5 56 LB 1 5Ok
pHT305a il pMD18gfp Sy 54 735l 97 3 i pro3a Al
gfp Bt M Bt DNA J@ 91 47 il PCR S 445

pro3a-gfp Bl )i Bes kL pHT305a Mg 4] JIf [l i
pHT304 #fA™ | 12k P 15 20 1ot AR 7] B ol ity 300 ity D)
I pro3a-gfp i BLEHE N pHT3AG ki, Ji
KAL) R S BRI E 1
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Amp pro3a
pMD18gfp EcoR 1 pHT305a
3426 bp o 12468 bp ovf3a
BamH 1
Amp+
orfgfp Bgl 1l
Sp }ll / BamH 1
Primer03 orfgfp Pri me-rO4 Primer0l  pro3a Primer02
BamH |
70 bp \ 100 bp
— SOE-PCR / = Spil
"
BamH l] e orfifp Slfh I Sph 1 Amp BamH 1
100 bp Erm+ 600 bp
() [ I—)

E1

Fig. 1

resistance gene; ter3a; the terminator of cry3a gene; SD seq. :

encoding gene respectively.

1.2.2  pro3a-gfp FRik &M E: 514 O1F/R FI
02F/R 4351k pHT305a F1 pMD18gfp Jii 7 Ay 5 i i3
17 Touch-down PCR'', PrimeSTAR HS DNA
Polymerase [ i {& 2 2 [lf TaKaRa protocol , [ Jif 5
204 :98°C 3 min;98°C 10 5,57°C—42°C 15 s,72C
70 5,15 MEH;98°C 10 5,429 15 5,72°C 70 ,30
MEER;72°C 4 min, ¥4 pro3a F orfefp Fr B4 EEIR
IR — PCR & % , #17 SOE-PCR, JEIAS4UN T
98°C 2 min;98%C 10 s,68°C 70 s,10 FHr;72°C
4 min;4°C 10 min(4°C FEFIMAS|4# 01F 02R) ;
98%C 2 min;98°C 10 s,53°C 10 5,72°C 1 min 50 5,36
MG ;72°C 4 min,  [mICELG F B pro3a-gfp , 3L
BamH 1 Sph 1 FgV)J5 I H @) B, B R pro3a-gfp
RKikG

1.2.3 @450k pHT3AG (gL . pHT305a Bk LA

Amp+

L pHT3AG #9# E

Construction of plasmid pHT3AG. pro3A: the promoter of cry3a gene; Amp™* , Erm™ . Ampicillin, Erythromycin

the SD sequence of pro3a; orf3a, orfgfp: CRY3A, GFP

BamH 1 Sph 1 V15 N2y 6. 5 kb £k Ak 244
Fr B HAR S pro3a-gfp #i BREEIR T 1:3 11 L 1R
B, A T4 DNA Z£:/, T 16°C 1 ad )5 5 A
Escherichia coli JM109 5% 57 75 40 f0, 7% [& 74 1% 37 &
(FRFMLLE R0 5 50 pg/mL) 5373 8 PEH
SERET- LG9 03F 03R #E17 4 KL PCR A , 4 B FH
P TR T 1) BOREHEAT B D) 48 € , O Ze 46 b A T
7, fd A4 Dnaman 5. 0 Zp Al R 4521
1.3 EHRMFE W IEE Brevbacillus brevis
CQUBb #0 Bacillus thuringiensis CQUBLt

T4 ok pHT3AG Hif5 4k CQUBD 1 CQUBL Jg&
A MY, R MR B Ak & R B R
7.5 -12.5 KV/em, H B 200 — 1000 Q,1 -2 ¥
i, A 25 wF, BEAT itk e fb 5 7 [ 4 55 5 ik
(HLLHR S50 pg/mL) EXEFRE R, M PCR A
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TakET o
1.4 GFP IR IZEME S SDS-PAGE 4

THE CQUBb-pHT3AG 1 CQUBI-pHT3AG 42
P ARG 77 2, 1592 28 2 h iR WA 3G 2 e
AL BB A AR A0 5T 2O W ise ( B B8 10 x
P'5E .40 x ) WLES A L 1) 2 R A . TR TR R R AR
RESGTE 20 40 .60 h 43 il HURE | 8 7 I B O ey i
B LW 1T SDS-PAGE, MERR R FE 5% , 41
B R B 15% , v e AR [R) AL B 1% B A= B Bk 2 18 =4
YRSt BE, PRk 45 R 2% 5 B i e £, (o FH
Bandscan 5. 0 73 A B3 Uk 143, LA 43 B T 7% 1 bk b
GFP ()RR FF AL,
1.5 TREREHRNOERIIAZENE

A TRTAR R T AR TRTRR 20 A A AR 15 R B 047
PRIGFR i T beh 2 AR A= K B 27 ith 42 AT
PRSI SR X i 32 TR AR K B ) 2 RE I A S
1.6 TIRE#HMIEEMEK

FRHCT R PR TRV o SR T S i AE RN
TP RRARIE SR D SRR TR 0 48,56 2
KF 1% (v/v) (3R 53 ) e BB B W A 8 5 0
PEIRYR G 5572 B0 6 h 64 i 2L 02 30 . &
bR 6 h A5 U AR DA RGOS BEA RS IR A THEDLIE
M, ARG SR 5 53 PR R 7% 100 ST T4
SR THEOR R A A SO TR R E
.

kiR % 1 (Stability, Sp) = FirEFH BAR K
(TR EK + LB TR TE 2L x 100%

2 HRFapH

2.1 pro3a-gfp RiZEWHE

PCR 73514744 pro3a 1 orfgfp b BOH- AT M Fr
B RE BB BEI F Uk B, 425 SOE-PCR 4~
4, pro3a Fl orfefp B G (K2) .

bp M 1 2 3 4

4500—
3000—
2250—

1500—

1000—
750 —

500 —
250 —

2 EEAMAITEPHE DNA FRIEIKRKER

Fig.2  Electrophoresis map of DNA segments in the process of gene
fusion. M. 250 Ladder DNA Marker; 1. pro3a; 2. orfgfp; 3.
pro3a-gfp; 4. pro3a-gfp digestion of BamH | and Sph | .

2.2 EARA pHT3AG WHMESERE

#H Ak pHT304 Fl pro3a-gfp BlG FEH A& =4
Ak IM109 J5 , $ B0k 28 i V) %6 52 W] 0 pro3a Fl1
gfp OIS E AR E I T AR D545
(SCH AR R ) R W 4 ok & AR L 58 48, GFP
Ut 3 R K A= B i, 2 I A ) A T R AL R
pHT3AG,

2.3 BHEENELEESERLTFRIE

I A S L6158 1 pHT3AG [T hi &% 1k
CQUBD 11 fie 4 Ha 5% Ak 45 14 A AL 3R R . HL TR
8.75 kv/em, HLFH 500 Q, 5 1 W, kg %
3.5 x 10*CFU/ g DNA ;%% 4k CQUBL 1 $5 {3 4% 12
% B FE 10. 00 kv/em, HLBH 400 Q, Hi:F 2 ¥k,
B3R 8.0 x 10° CFU/ g DNA  HeA nl i £ i 2
FLFF I CQUBD f% AL A 30 &5 T 1 95 = 42 2R 7
FFE CQUBL,

DAFEAL T B B 0 BT % S AR, 1 5 1 xF
03F 03R,Z PCR MG T2 1.9 kb WHM H B, 5
TEREE W A, Ul B A% A0 B D, e 1b 19 BH P 2R A
90% L) I o BEMCL AL R F SEAT B AR R FL K, 45
R R T o R Rk 2 — 45 5 50k pHT3AG
KRR S5, 2F— 20 e T 31 20 JoOkE il o % A
T E WK, KA T 2 A TR E AR CQUBD-
pHT3AG F1 CQUBL-pHT3AG
2.4 EAHAHE GFP K%L

PRFIR AR RS 77 TR K , CQUBb-pHT3AG 7
K775 h j B AT 76 o] WO R W% B 4k £5, CQUBL-
pHT3AG 7E355% 10 h J5 £ 0] WG T vl AL R 4t fa,
I e I B[] 9 SR R o N . FE2O0 i e
BT N PIRE TRRBRIARAE 3 h )5 R AT DI ER 31 28 £,
DI H B, T TRVRE S5 0 P A s ke v iR T
TG, PIRE TR PR AE DO B e T 1 2e3k
RINE 3 FR

TR P AR VR K I S IORT A R AT
SDS-PAGE 43#7, 455 (Kl 4) WoRs Mtk TR 0]
DLZH T W PE 2556 29 kDa (4R (5568 11, I
HIJE T EFRIIERIE AT AN EE A B A4 S A&
HARIIJC AR 13635 . Bk CQUBb-pHT3AG Fifi #5
JZ TR B 8] (4 4E K GFP i) & B &2 384 i, 17 CQUBL-
pHT3AG WA B & ; 4 [R) % M 1sF (8] 4 B8 A% CQUBD-
pHT3AG 3Rk %t Ik CQUBL-pHT3AG Ay AT KT
Z i A Bandscan 5. 0 73T B UK 55717 , 45 SR R B
CQUBb-pHT3AG 7£ & [ % 20,40 .60 h i} H 19755 4
(GFP) (% & [ W b ] %5 14 25 11 19 B A 43 53] 70%
80% 86% , 5 b Fh#a%, 1Mii CQUBt-pHT3AG 1454
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Fig. 3  Green fluorescence of engineering strains and host strains. A, C: CQUBb-pHT3AG and CQUBt-pHT3AG, show the express of
Green fluorescence; B, D: CQUBb and CQUBt; 1: Strains observed under dark field of fluorescence microscope. 2: Strains observed under

bright field of fluorescence microscope. Note: The dark field in A1/B1/C1/D1 was the same as bright field in A2/B2/C2/D2.
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Fig.5 The vegetal curves of engineering strains and wild strains.

A: CQUBb and CQUBb-pHT3AG; B: CQUBt and CQUBL-

B4 TEEKRS GFPHRIZE

pHT3AG.
Fig.4  Expression of GFP in engineering strains. A; CQUBb-
pHT3AG; B: CQUBL-pHT3AG. M. Protein Marker D530B; lane 2.6 ITEFEHKBEEN
1, 3, 5. engineering strain 20 h, 40 h, 60 h; lane 2,4, 6. wild I%%%Hﬁ%ﬁ‘@fmﬁtéﬁ%@ﬁ%%f?{ﬁ?}*\'%@lE"‘J
s 20 b A0 60 B, TR b P T TORLE 7 5, & AL R
2.5 IREMREKRIINFE B TR A TE G PR B Y A AR i, TEZR 59T

TR R R AR I Z (B 5) Heggmr AR B4R IR 0 B9 2 F R £ 40 30 S CQUBb-
DAF 1 TARR A bR 5 A R B AR R I ZRAR L TEW] pHT3AG . CQUBL-pHT3AG B e 4 (&5 HE 41 BURE Y
B, BN BRI AAAE SRR RIS BRI 20 95% 67 % | FEBEAT itk
i ZE T A A BRI A AN RS T FEIEFF ZH R E T 5 88% \53% , Bt LA T
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2 45 T 3 T L S G B R R s i EL
CQUBb-pHT3AG 1y %2 & 1 W 2 & F CQUBt-
pHT3AG, H2 348 18 (9 LA AT 1 4 1 3 200 M Ay
() S TR 2 ) sHSA 235 T 7% B bk i
,@[11] N
3

ZEHAT R E LA E AR A P A
37, 07 ELZF FAT B 6 35 R GE BT o J2 SRR A
—ANTIFFERA TR LR 9 TR B AT 2 A
T B 205 R G PRI B0 A T R, ELIS oy T AR
BER P LA 2 P T T L TR MR A AR 13, B AT
P TR A B BRI A T R B R BRAE 5 95 5 4 2
TR R M AN 1 5 R 25, (E R A bk
T KR AR TR, 151 2 % A I DR A S A
I TR S BRI 2 W)  6 2 FEAT T 0 2 2 F AT
B U A B AR P B DR R 2, 3 7 A Bacillus
subtilis 1) 1. 6% "), 3 L 20 Jfd B 53, P9 A Johr 42
D BT RAR, T AR 7 T Rk AN AN IR 1 2k R Gk
i T2 A A T

BT LA T A 40y s 8 B0 6 2 AT
T2 4 2R AT Bt R bk, IR I M i T A
cry3a SE A 811 1 gfp BRI 2 PRI 41
¥k CQUBb-pHT3AG F11 CQUBt-pHT3AG, {H /4>
PREEALPERE A PERE L) AL E M B B 5
B 9% AT gL DA A T Bk CQUB 9 200 Jf B 45 JBE , T
FLA A 22 (0 A A JTORE, (o A1 05 TR 252 X 2 A 240 T
P RIS B TR F B0 8 72 95 = 4 2R FE AT B 1CP
Gt L ery3a B9 BT, AT RESs R B A 9 2 4 4T
P CQUBL r iy Hifth TCP 45235 7 A 4k % A i, (875
AL R A R AR SNIRAR 1 3k B AIG  TRR
PRIGFAEPE2E . 2, CQUBD £ 4 8 A 9 P9 AR
ke, It HARE A ICP 3L R, BT LU LR B4 SN
ik AR w7 R A bk R E M 4F. CQUBL-
pHT3AG B R 7E 2 I aod i rh AR 2R 11 10 VA T
(R T ELR 2 20 h 5, F2 36 7R 1 340 B A ) 4 %
A5 e, TR PRI o i T 200 M P o 2 1 B 1
75, GFP WA . Mtk CQUBb-pHT3AG £k
GEP [t (5] H A% 17 S8 35 484, 0 T C 4 2 1 G 3%
PR A5 A MEZE A R 2

AL T ) R R R e TR B R RE TS A ST
MBS AP R AT R I B ) R i
PRI E M B PR IR S o (ER AR SO
T BAULIIGE T TR Bk A R IR A

AT B A2 AU RS 3 o sl A PR S ] ) 3 TR A% DL
KR R TR R A4 75 DLEOY] 2 A, mT
AE M B3 1 i R0k, X7 1l TAE AT 2 4k 2t
1o

HAVEE P T R TR R R BB R M RIS A P LA
/R CQUBD JE—HRAE# A A 1Y 8 H A R Ik 1
ER . ZLRRERIE R, T — L H ARk
T B HU T PN B4 7 BELRE T 23T i TRl ) R GE AT 5 B
TE T FERE A R AT i T A )
RO BT AR BRI ZF AT 1 208 R R Rl
fili T4

it ZEEeMEA TP Dr. Lereclus 144 A
AR R, A2 R T S Y Bl

%% Xk
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Construction and expression of prokaryotic expression
vector of green fluorescent protein in Brevibacillus brevis
and Bacillus thuringiensis isolated from insect larvae
intestines

Youping Yin, Qiang Li, Xun’e Yuan, Zhongkang Wang*
( Bioengineering College of Chongqing University, Chongqing Engineering Research Center for Fungal Insecticide,
Chongqing Key Lab of Genetic Function and Regulation, Chongging 400030, China)

Abstract ; [ Objective] To construct a prokaryotic protein expression vector of green fluorescent protein ( GFP) with the
non-sporulation promoter of cry3a gene of Bacillus thuringiensis (Bt) , and to obtain recombined engineering bacteria with
labled gfp gene and non-sporulation promoter of cry3a gene the construction of insecticidal engineering strains.
[ Methods ] The promoter of gene cry3a and gfp gene was connected by SOE-PCR, The recombined gene pro3a-gfp was
inserted into shuttle vector pHT304 at sites BamH [ and Sph I Then plasmid pHT3AG was introduced into Brevibacillus
brevis CQUBb and Bacillus thuringiensis CQUBLt isolated from Apriona gemari larvae intestines. The expression of the
recombinants was analyzed with fluorescent microscope, SDS-PAGE, and then the stability of engineering strains was
tested under the conditions with or without antibiotics. [ Results ] Two engineering strains labeling with GFP were
obtained. They expressed green fluorescent protein from the vegetative growth period and about 29kDa green fluorescent
protein band was detected by SDS-PAGE. Heterogenous plasmid replicated and expressed stably in engineering strains and
did not lead to significant adverse effects on these two host strains. After 30 generations, 95% and 67% of clones was still
bearing recombined plasmids respectively. Compared to CQUBt, CQUBD had higher efficiency of electroporation, and the
CQUBb-pHT3AG had longer GFP expression time, expressed more protein than CQUBt-pHT3AG, and the stability of
CQUBb-pHT3AG was higher than CQUBt-pHT3AG. [ Conclusions] We successfully obtained two transgenic insecticidal
engineering strains.
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