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Abstract The feature of Bacillus thuringiensis (Bt) is the ability to generate parasporal crystal protein during the spore-forming
process. In order to realize the expression of the Bt cry genes independent on spore formation, we attempted to design new vector that
could express Bacillus thuringiensis insecticidal crystal protein in the vegetable growth phase in this research. First, we designed a
pair of specific primers based on cry34a promoter gene sequence to amplify cry34a promoter from Bt subsp. Tenebrions; then the
DNA fragment with blunt-end was ligated to the cross-species vector pBU4 to build new pBUC3 vector which would be
non-dependent sporulation vector expressing in the vegetative growth phase of Bacillus thuringiensis. In order to validate the vector
whether express Bt cry gene in the vegetative phase, The Bt crylAc31 gene was ligated to the pBUC3 vector to be transformed into
Bt non crystal mutant IPS strain by electronic transformation approach. Through the examinations by the PCR, microscopic
observation and SDS-PAGE, the results showed that Bt crylAc31 was expressed in cell growth vegetable phase. Our study suggested
that the feature of cry34a promoter being non-dependent on spore formation might be useful expression element that could achieve
the cry gene of Bacillus thuringiensis expressing in vegetative phase.

Keywords Bacillus thuringiensis; Parasporal crystal protein; cry34a promoter; crylAc31; Vegetative expression vector
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HTIAL, 7524 ST B (Bacillus thuringiensis,
TEIFR Be)RHIE A& BEE £ 7= A 2 70 1R [ B £ i 7= 2
P 44 55 [ (parasporal crystal proteins), tHFR AR
S AR A (insecticidal crystal proteins, & FK ICPs).
26 KR53 7%t b AR R A (ICPs) I R IA Ml T 27 f T
B, B R LRSI O A 2 7 AR R R AR R
(ICPs) (Liu et al., 2010; Liu et al., 2011). {H Cry3Aa
e — M4, Cry3Aa 5 IR K AR E TR A AR
ZEFA I 45 SR (Schnepf et al., 1998). 7T KA,
cry3da ZEH 1A 3+ 7 FIAN A T Hoe ICP ZE K 1) A
B, cry3Aa B () SO T 40 MU E TR BRI
cA Hr. MHE ICP FEH KR 15 2] 2 f1)E
B B K11 KR [0S 7 fe it T(Schnepf et al.,
1998). M4, BT LRI cry3da FEHIHIJE 3+
SKIRBI T ory FEFFRIE R R BAE R, HTsesl
TEDS = A AT B I E TR AR PR S R R e ?

AW TR B BT — AN REAE IR = & S AT TR )
EFRIAFRIA I A B A RAH Ak, ik, AT
TG ST BT O FR(Be subsp. Tenebrions, Bir)
] DNA 1ERHR, 48 O cry3da 2585 3 F1%
7 X 5I4(C3-5 A1 C3-3), FIF PCR J7id 1
HT HE R BCH 575 bp 1) DNA B, 46 Z 7 B
oM S pBU4 ik B — A pBUC3 #ifk. B/,
BT crylAc31 BRERR pBUC3 #ikH, £ )5,
BBEH crylde3] FEF RIS E M@ kb
WERE N Bt AR RALHE TIPS, idid PCR. Hifa Al
SDS-PAGE #EATIGAIE, it — T R LR K 1Rk
FRALH I .

18R 5501
1.1 cry34a B FERA KRS

AT —XF 514 €3-5/C3-3, FIF Pfu DNA
G, LA B 1¥) DNA BIRGHAT PCR 4193545 575 bp
H R BB 1) W00 5E 73 B3R B B35 X
(GATTAAGA)fF{ET 402 bp F] 409 bp Z [H], ~10
X (TATAAATT){ELET 425 bp 5] 433 bp 2 [d]. 3¢
FEUAHT K AE 438 bp 4k, STAB-SD [F5(GAAAGGAGG)
1E 443 bp F| 451 bp i, FEASS G4 S(RBS)
(GAAAGGGAGG)E 550 bp F| 560 bp 2 [i] . K45
JRENF B T SRR B A (A 2).

1.2 Bt BEFR AR EH 4k pBUC3 M2

BA VIR 575 bp )8 T 5iERE] pBU4
B R — > pBUC3 £ B4 e £ 7425 PCR
YE B 575 bp BB B(E 3). —PH Fok |
IR e R B 1 5 v b TR DI RS 5 Vector NTI
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Figure 1 The promoter fragment amplified by PCR

Note: M: 100 bp DNA Ladder; 1: The PCR product from Bit.
amplified by C3-5/C3-3 primer

575 bp
5’ AGCTTAATTAAAGATAATATCTTTGAATTGTAACGCC
CCTCAAAAGTAAGAACTACAAAAAAAGAATACGTTAT
ATAGAAATATGTTTGAACCTTCTTCAGATTACAAATATA
TTCGGACGGACTCTACCTCAAATGCTTATCTAACTATA
GAATGACATACAAGCACAACCTTGAAAATTTGAAAAT
ATAACTACCAATGAACTTGTTCATGTGAATTATCGCTG
TAATTTAATTTTCTCAATTCAATATATAATATGCCAATAC
ATTGTTACAAGTAGAAATTAAGACACCCTTGATAGCCT
TACTATACCTAACATGATGTAGTATTAAATGAATATGTA
AATATATTTATGATAAGAAGCGACTTATTTATAATCATTA
CATATTTTTCTATTGGAATGATT;%SAGATTCCAATAGAAT
AGTGTATAAATTATTTATCTTGAAAGGAGGGATGCCTA
10 STAB-SD
AAAACGAAGAACATTAAAAACATATATTTGCACCGTC
TAATGGATTTATGAAAAATCATTTTATCAGTTTGAAAA

TTATGTATTATGATAAGAAAGGGAGGAAGAAAAATGA
RBS

ATCC-3’
2 YR BT A LSS R

Figure 2 Sequence analysis of the amplified promoter and its

domain structure

AR ATEE R 8 I T —%% 526 bp HIRHIES AT
(] 4). DM 45 FBAE T 15 0 TR A& AT
FBLE H AR Be & FRFIA B, K% e b i
N pBUC3.

1.3 crylAc31 ERATE Bt IPS FH)FRIE

BT cryldc3] BRERF] pBUC3 #ifk I,
PR pBUC3-1Ac31, @It H ik 1bikF454k Bt
TCAm PR SR IPS o i ik PCR 4 38 i i BH 14 7o F%
¥, R RIRPEUR 3 N TERE LT B B
(K 5). FIHZ DX Br IPSC3-1 #EAT %%,
A DLELWLAE H IPSC3-1 & Re =4 T KBS AR
s, T EI I Br $3299-1 LA K IPS ¥ TS i
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7¥: M: DNA Ladder Marker D505A; 1~6: 1~6 5 55 b7l 51
) C3-5/C3-3 #E4T PCR LS5 A= AP 4)

Figure 3 Positive clones screened by PCR

Note: M: DNA Ladder Marker D505A; 1~6: The results of
recombinants (No.1~6) detected by PCR with C3-5/C3-3 primers

500 bp

4 Folk 1 MgUIy#r 1 550k T

IE: M: DNA Marker DS15A; 1: 1 5 30 F& 7] Fok 1 BBl
Figure 4 Restriction enzymetic analysis of recombinant plasmid
(No.1) digested by Fok |

Note: M: DNA Ladder Marker D515A; 1:
recombinant plasmid (No.1) digested by Fok |

The result of
M 1 2 3 4 5 6

1500 bp

600 bp

5 PCR Jifi e B v b 1

7A:: M: DNA Ladder Marker D505A; 1~3: W+ 1~3 H
K2-5/K2-3 51447 PCR NG LK™ 45 4~6: TebE T
1~3 i} C3-5/C3-3 5I¥i4T PCR [ L5 A= 7 4)

Figure 5 PCR for screening positive clones

Note: 1~3: The result of recombinant 1~3 detected by PCR
with K2-5/K2-3 primers; 4~6: The result of recombinant 1~3
detected by PCR with C3-5/C3-3 primers

=4 (B 6). BEJEI SDS-PAGE 2K LUK AT LLE
H (& 7), IPSC3-1 7E 12 h HiAeis 4= 130 kD & A
i, 1 IPS A Bt S3299-1 ¥ =42, HbAS
PIERH, crylAc3] FEIRAE TIPS FRAR 3] T RIS

42

\'.
7
"ﬁ aihy
/\'\Il ’,’
A B
o e 7 :
~
e TR | Ol
g, - a
C D

6 HEHREK 18 h i LB 52

¥E: A: IPS; B: IPS-pBU4; C: IPSC3-1; D: S3299-1

Figure 6 Light micrographs of the tested strains observed after
18 hours culture

Note: A: IPS; B: IPS-pBU4; C: IPSC3-1; D: S3299-1

M 1 23 4
200 kD -
116 kD - :
97 kD ~ :
[ S
66 kD -
44 kD -

7 Cryl Ac31 fm A ¥ SDS-PAGE 431t

¥E: M: TaKaRa Protein Molecular Weight Marker (Broad)
D530S; 1: $3299-1 5% 18 /M JEHIER /™ 4; 2: IPSC3-1
FiFR 18 /P R 4; 3: IPS-pBU4 K577 18 /NI JE 1)
HEFY; 4: 1IPS K537 18 /M JE B B 74

Figure 7 CrylAc31 protein generated after 18 hours culture
identified by SDS-PAGE

Note: M: TaKaRa Protein Molecular Weight Marker (Broad); 1:
S3299-1; 2: IPSC3-1; 3: IPS-pBU4; 4: IPS

2ifiR

T pBU4 B AAIHA EcoR 1« Sac 1+ Kpn'1 .
Xmal . BamH 1. Xbal . Sall . Pst1 . Sph1HI
HindIll 10 ™2 wpERGYIAL A, X Amp Il Te it
M, BESSAE R AF I A0 28 AT B rh 2 AR S, Rk,
ARSI pBUC3 J&—MAT pBU4 HFri, fig
FE R AT A ZF FAF I R 38 e R E R Bl Rk, X
AR R IR AR BR 08 HLE AL ZF UM B R KR E R IA
FAMRESE. BT pBUC3 1 T AefE1E 2
PR BB A 3, IF HILREARM T 2 i
W 2Rt e K BRI, Btk FESLhRIBIAH b,
PRl A 555 5 1) IS ) B AR A8 T 24 £ % ol i 2k ) A4
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ANF) ICP BERILE Rl — Bk R 3L, BT
ERIELEN, A E 2 (A B A 55 414 (Sanchis et al.,
1989). [KlHLFRATT AT LAMB 15, K P 2% o B 1 2 [ —
MEEFRIRIE, B MEFHEPRIE, KR
FIR R T e 2 LU R 72 2R f SRR . #E—2
HEARE, [H]—Fh 1CP 2R 4 R BRREAE S IR IERIA X fg
TEFMRIE, A RIEE WM AT RELL RAEE TR
FHRMRIANREEESIRZ

3B
3.1 Btk 55k

AH ST HT AR SR 8 T3 1. A Br i
Pk S3299-1 JH#EHT cryldce3l FEBH R EF A FHkk, hifg
A8 # RO BRI FU T 73 855 Br B PR 1IPS NG i
& Bt FR7AF kA 9 [E Univershity of Sussex [ Neil
Crickmore 18+ 1%,

32 FE. HAEREERAN

LB A Rs 753 K B A B 7 B T 85 9% B AN
E. coli; SOC X577 F T F AL I (1 B2 A5 4 L 1)
B IR Bt F IR E N 30°C L E. coli ¥E3RIRE N 37°C.
AN HHERAAREHIKE S 100 ug/mL
50 ug/mL. PCR J MR H KIEF A TRA R
A7), PCR 514 db 5 =1z S A BAR G IR 5T
AF]E . Pfu DNA &1 & TDNA KA H
LM TREAR AR .. RN IR T,.DNA
R MBI A AL . Tag DNA BEEE
B PR IR STt

3.3 cry34a B3IF PCR ¥ 1 R =R

W4 cry3da J5 8 ¥ it —X 514 C3-5/C3-3,
FF3)N: C3-5: 5°-AGCTTAATTAAAGATAATATC
TTTGAA-3’; C3-3: 5’-GGATTCATTTTTCTTCCTC
1 AHETHT RS kL

Table 1 Strains and plasmids used in this research

CCTTTCTT-3’,

PL Bt Bk Bt = DNA {E B, FIHAH 5T
Wit 514 C3-5/C3-3 F1 Pfu DNA & B 4TI 18
cry3da JRENT, YIRS EREER DNA [RIYL
AR R 4. PCR RIS Song 55(1998)
() 5 133047

#5317 pBUC3 ] E.coli B 7. F& ¥~ 1) 97 et /2 {3
51 C3-5/C3-3, LLuifE15ukl DNA /ENEAR,
f# ] Taqg DNA EAHH 18 . #4 pBUC3-1Ac31 1)
IPS PHH: v F ¥ 7 ikt DA S B - 52 DNA 1R, 43
I 5140 C3-5/C3-3 M K2-5/K2-3, 1§ i Tag DNA
REWGY 1.

3.4 Bt EFBRIEE M pBUC3 (IR

FABEHIPE N IBE EcoR 1 1E 37°C/KIG 58 4
oSk pBU4, F 1.0%MIBE febi e d ik o 3, i
[EUs . 4ifkf5, B T.DNA BABErh-FRG 1 R i .
P PSR S P EE B -20°CYTHE 10 min, 12 000 r/min
20 10 min [FIULHTEY), A 10 uL TE ¥%fE. FE
J&, M T,DNA RS 8T PCR /151 cry3da
JA 87 A BRGNP K 5 (1 34k pBU4 &8z, Ak
KIGHE IM110, £S5 HZEFEH%(100 ug/mL)
HMIPUFFE (50 ug/mL)H) LB 53R 5Pt T 4T
fifiide, I PCR (514 C3-5/C3-3)Ff] 7a b1 ki
)i % g PP e b, I e 0 e i — 2B i e
BT FHET ERE N pBU4 Fkirh . RIS H %L
A48 pPBUC3 .

3.5 crylAc31 FEHTE IPS H[FIRIE
FABRIPE N VIEE BamH 1 A1 Sal 1 £ 37°C/KIG
g AL E 2 ki pCRY 1Ac31 A3k 4k pBUC3,
THALT= VI 1.0% 1B B EE AR FEIK, 2 [RDSCRN 26k,
J&, R T B/ oryldc FEH K FHIMELR

B HEAE VR SCHR
Name Characteristics Sources or reference
E. coli IM110 Dcm, proAB, leu, dam, galK, thr, supE44 HITAR

B. thuringiensis S3299-1
Bt subsp. tenebrions

B. thuringiensis TIPS

Bt IPSC3-1

Bt IPS-pBU4

Bt mutant strain, non-crystal

pBUC3
pBUC3-1Ac31
pQE1Ac31

Wild strain, Cryl Ac31, bidiamond crystal

Transformed Bt IPS strain with Cryl Ac31 bidiamond crystal
Transformed Bt IPS strain with pBU4 plasmid, non-crystal
pBU4 Vector with multifunctional cloning site (5.7 kb), Amp", Tc'
Vector derived from pBU4 adding Cryl Aa3 promotor (6.3 kb)
pBUC3 containing crylAc31 coding sequence

pQE30xa carrying with crylA4c31 gene from Bt S3299-1

HITAR and Zhang et al., 2009

Dr Neil Crickmore

In this research

In this research

HITAR

In this research

In this research

HITAR and Zhao et al., 2009
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& pBUC3 &4, HUIFEWRIATE £ 75 =& F e
TornERAERK IPS o FEEHE R HERH (100 ug/mL)
AIPUFREK (50 ug/mL)f) LB £ 773 AR T 4T
fifiide, F PCR 484 5w PH I va b o 36EJ5 I PHME 5T
PR LB AR AR % 12 h 5, WAEe
AL M SRR, G 7.5%/K T SDS-
PAGE HL¥K 73 i 6 iE A 15 0L«

BIE cryldAc BRI PER BN K2-5/K2-3 F
5. K2-5: 5’-AGGACCAGGATTTACAGGAGG-3’;
K2-3: 5°-GCTGTGACACGAAGGATATAGCCAC-3’.
Bt PR LA A % SR S % oy F TR
SEIG 45 R (Sambrook et al., 1989); 5l W %2 7 vk
Z B EHII5E(2009) [ /7%, SDS-PAGE LIk 4 #TJ7
%% (Liu et al., 2010).

& TRk
XU AT e 92560 e vt FISEI B AT A s 30 KA
JA#S SEARAHT, WX TR SIS 24 B8 SRRt

IZE R T AR STAB N S 1 o AR 0 B B A i
ASTA

Bt

AHIFTE A FT 3 v [ Beif -5 45 e U H ) B3 By ARt
TERIER 7 AR RAE AT T AR A LI = e AR » JEHZ L0
AR R ARSI 2 AR o SR A b 44 1) R AT
PPET NIV o BB W AT 3 T AT i
L (A SRR L A A e R 557, SRR AR AT IR e
A 2 AR 3 e 55 7 PR 7™ i A Al 55 B BEHER s 45

S R
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