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LIRS 23 0 BL erylAe JE PR AR 1 25 i
AL cry FEDN AN EL ery3A H5 DR 5 AR 1 AR 4 i 4K
B ery JePR ™ T L GBS S T RIA Cry AL O
G — TP AR R AR AR SEIG A
A SFM AL ery8E JR ) 7 R IE erylAe FEP, il 1
Bt & 2 K 1A 4k pHT315-8E21b #2157 Cryl Ac
EEK RS o R AR oy JHE TR S
Cry 82 B B R i o e kI8 -

ExsY f£ 45T Be R, 0 25 i A1 BE 1) 3 it 45 4
T, 5k 5 WA E (Bacillussubtilis) & CotZ [d]
Ut 2RI 46 5 B th ot B o AR B SAE R
L PexsY Jii 2§ 75 W 035 P AE W w6 SR Al L b g

T o AR ery BRI ) T PexsY KB 1) crylAc 3 A
FAR AR, RILAE Bt TG di AR S A, Cryl Ac R H
REIE W R0, HoAe T BeOSUHE M di ik, R T AT A T
cry K& DR R AL B T O 2 R R R A B e T
eilio T PexsY J38) 15 cry JA 31 W B A
7], AT BAS H® ery JH B 7 IR AT RE KR IK I )
M E — 2 4 v e

1 MRERIT A

1.1 ##y
L1.1 BRRFABUAL : A S B F PR 5 Ok LR 1

= 1. EHRFRM

Table 1. Strains and plasmids
Strain and plasmid Characterization Resource
strain
Escherichia coli
TG1 A (lacproAB) supE thi hsd-5 (F* traD36 proA + proB + laclq lacZAM15) this lab
F-dam-3::Tn9 dem-6 hsdM hsdR recF143 zj202: : Tnl0 galK2 galT22 aral4 pacYl xyl5
ET 12567 this lab
leuB6 thi , for the generation of unmethylated DNA
Bacillus thuringiensis
HD73 B. thuringiensis strain carrying the crylAc gene this lab
HD73 - Acrystalliferous mutant of Bt HD73 strain [10]
HD-PexsY1Ac315 HD73 ~ strain containing plasmid pHT315PexsYd Ac this study
HD-P8E1Ac315 HD73 ~ strain containing plasmid pHT315-P8E- Ac this lab
HD-P3A1Ac315 HD73 ~ strain containing plasmid pHT315-P3A- Ac this lab
plasmid
pHT304487 Promoterless lacZ Vector, Erm", Amp" [11]
pHT304 PexsY-575 pHT304-48Z carrying PexsY promoter of exsY this study
pHT304 PexsY 410 pHT30448Z carrying truncated promoter of exsY this study
pHT315 E. coli-Bt shuttle vector, Amp", Erm' [12]
pHT315PexsY- Ac pHT315 carrying exsY promoter and containing cryl Ac gene this study

1.1.2 FEIRX 57 : Tag PCR StarMix 1l T 44 A
7], Premix PrimeStar® HS.AH 3 FR 4114 4 47 i A1 DNA
SE LN Y T L T K& TaKaRa 2> &, DNA 4li 4k . DNA

R R Joopr 3 B 77 62 0 2 T Axygen A ] o
1.1.3 PCR 514 : A S5 P H 5140 44 FR 27 41 L
* 2.

F2. 519F5

Table 2. The sequences of primers

Primer name Sequences (5°—3")

Restriction site

PexsY410-F CCCAAGCTTGGTTCCGCAACGATA HindlIll
PexsY410-R AACTGCAGTAATGTCACTCCT Pst 1
PexsY-575-R AACTGCAGAGGGCGTGTATTTGCTACTGAT Pst 1
PexsY ¥ GCGTCGACCGGTTCCGCAACGATA Sal T
PexsY-R CATAAGTTACCTCCATCTTTAAGGGCGTGTATTTGC

1Ac¥ GCAAATACACGCCCTTAAAGATGGAGGTAACTTATG

1AcR ACATGCATGCTTGCATGAGACTATTCCT Sph 1
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1.2 EFEMR4EE

KW # B (Eschrichia coli) 1535 T LB ¥ : 3,
37°C, 220 r/min; 95 = 4 5 MM B OB 98 T LB AN
SSM " B 5, 309C , 2201 /min.

PuAR & TAEMRE: & %5 &% % KEMR
100 pg/mL, ZL% 3 SIF W S peg/mLs IR % 20K
W 50 wg/mL, —20°C AR A7 -
1.3 DNA &{EfE

DNA Jv B (¥ i 4 < Jise [ 5 70 K i FF 17 00K (1) 4
B2 AR 7, A B 4k R o B K 2 0L S0k
47.
1.4 B-EIABEETES WM

IS IE A R s, W s e (A& | &k
RS wg/mL), 1% & Fl T SSM K 37 gk 5 220
r/min,30°C 32 % T, (T, A B bk X B 45 90, 0D,
H2.0-2.2) B0 1 h HUL REE T BRI T, 55
7 2 mL, 12000 x g .0 2 min, 3¢ F3f, Bk -20C
AT 2 L Bt FUE B 35 0k W U7 i S I SRk
(151 3 YS90 Ay 848, BP9 -
1.5 pHT315PexsYdAc RiXZFHAKHE

DAL HD73 JE [X] 20 O B4, 51 90 %) PexsYF FiI
PexsY R, §"14 PesxY J3 315 51 % 1AcF Fl 1AcR
P18 erylAc 3R, R & PCR VL4 PexsY JH )
TH erylAe LR AT &4, & PCR 4 5
pHT315 #Ak % Sal 1 F1 Sph 1 XU V) )5 » & £z %% 4k
E. coli TG1,
1.6 CrylAc RIkFEME

i 4 e (TEM) #F 5 6 45020 mL 3 W 850 J5
F1:20 N 3% (% 5% — 1 8 0, 28 0 i 1 e S T
A B S S B K B e A AL EE ) R
HEAT M5, AR R 2 0L Sck (16 - 17 1.
1.7 E#H CrylAc RAEAFESH

RS A T 4% 1% #:Fp T 50 mL SSMKr 55 St
H1,30°C ,220r/min £ & T,,,12000 x g B0 1 min
Wi £ 1 44, 50 mmol/L Tris-HCI (pH 8.0) & &, i A
£ GERD A ST 5 x L FE buffer 5 FE SR AT, 20
10 min, 12000 x g & .0y 2 min, U [ & H Pierce ®
660 nm Protein Assay Kit AT RE AN &=, HiES
., Pierce® 660 nm Protein Assay Kit i I 45, i 3%
R R AL S S A R — 8. SDSPAGE £ W & 1

= [18]
B o

1.8 BEHEEDFLENE

FI WM £ K W& (Ostrinia furnacalis) 1193 %) 5
Xf HDPexsY1Ac315 T #k ™~ A1) CrylAc & 24T
g R 2, L HDP3A1Ac315 1 HD-PSE1Ac—
315 b B xF B HD73 7 O B P xS B, 3 A HD-
P3A1Ac315 F1 HDPSE1Ac315 43 5l J& H1 cry3A Rl
ery8E 1B 18 S erylAc R F LM E Y o 7
30°C 220r/min 55401 K 5 BRTR BE IR 4 K0 2 R
Jei 6 R EAT A B 1 1 SDS-PAGE 6l AR 4
ATV A A 1 PR A R TR R R AN ) TR ok B 5 4]
B G e N TOK MR A 557 20 U, BN FF a3 k07
HR, T d S, MEEIE D e A5 AL, T S EL
Fe bk i (LCy,) 077

2 4R

2.1 PexsY Bal FHERIEHESH

A S = {7 #H 52 1 Bacillus thuringiensis sub sp.
Kurstaki HD73 4 3 [H 41 % 51 52 ° . MR 4% HD73
LD P 0 o ewsY JEDR R 81 vk 51 ) %) PexsY410-
F.PexsY-410-R Fl1 5| ¥ PexsYS75-R. 5|4 PexsY-
410-F 4G B Wik fEFE R ATG 1JiF 410 bp 4b, 5]
W) PexsY-410-R R IGAT sl e THFEFE D ATG 4k 519
PexsY-575-R L UH AT A B vF 72 3L K] ATG R JiF 165 bp
bt 7ET ) PexsY-410-F [ 576 in N HindIIT [l 1) {7
1, fE B Y) PexsY410-R F1 PexsY-575-R [ 5° 5 M A
Pst 1 [ U1 A7 s, B 51 %) PexsY-410F F1 T Jif
PexsY410-R 43 K i 45 410 bp [#) PexsY 3381 b
Wi 514 PexsY-410-F HI T i PexsY-S7T5-R 7 14 K Ji
575 bp (1) PexsY JH 5 15 ¥ L3k v Beadi A 2 84k
pHT30448Z v, Ky 7 R[] K J& () PexsY JH 8 7 5
lacZ fliEr ) 0k Bk, 4 HD73 1k (K& 1) .
B 1= LM 1 W 3 M 4y A 45 R R W R 410 bp 1
PexsY J& 21 15 2F Mo 06 30) = L 8% 1 Mg % PR B
1 T3k 30 AE (B 2) s K BEY 575 bp & 4 &5 14
165 bp 1) PexsY J7 2)) F7& SSM K 7% Jk v 2F fifa g
) B=F-FLHE T MG S PR AR o AR T R BIEAE, 2 5
4 h WARFFm s st . 25 R B R 5 165 bp 45
) 3 K 1) PexsY JH 2) 3 53 7% PR v T AN 5 45 ) 2
[KI¥) PexsY JH 2o Ak, AR SE46 0E HUS A 165 bp
SERFE R 1) PexsY J3 )1 HEAT S AR 2 o
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«— 2.2 pHT315-PexsYdAc RixFH A&
| Pexs Y-575 A exsY JE DR 741, ¥ vk B 919 PexsYF Al
i Pexs ¥-410 T PexsY-R, 5|4y PexsY-F #2445 £7 & & 1 78 3 [
1

—  HDIs >—< exsy —{_HD 1450>
b

y
+165  +1 -410

1. exsY BABH FREREE

Figure 1. The schematic diagram of exsY gene promoter fragment.

35000 4
30000:
25000:
20000
15000:

E

B-galactosidase assay(miller units)

—— SSM-PexsY-575
—— §SM-PexsY-410

ATG i 410 bp &b, 7E 5149 PexsYF 1) 575 il A
Sal 1B YIAL 5505 519 PexsY R IR AL 0B UE A K]
ATG i 165 bp &b, [N 514 PexsY-R ] 5 ¥ il A
TAA B 1 1, DL 1F exsY JE PR A #3152 10 4E ; Bt
HD73 B bk A& A S 56 5 1 110 485 =Tk I g 1 —
M Cry 82 A B Cryl Ac, crylAc #:[X ORF K FF 4y 3537
bp, 23 #1 eryl A JEK 2 3 SD 41 (RBS) GGAGG (2
erylAe Be[H ATG L3 6 — 11 bp) , A SCAE M EE I, {7
BE T erylAc 2 EH 5 1 SD 4. EWfgI4) 1AcF
AR E R E S ATG 37 15 bp &b, FUF514
TAcR EIGAL U THFE KL ATG R jiF 3547 bp 4t

23§§§ CESII VAR 05 5 A Sph 1 61 55, 519 1

20000 ‘ 1 ] THE 3. HES PCR M pHT315 4K % Sal 1 Fl

10000 4 Sph 1 XU 15 » ¥6 5 ¥ 4L, E. coli TG, 71 ) 75 41 5
Tn(h) i pHT315PexsYdAc (& 4) .

B 2. PexsY BRI FHRFHES

Figure 2. The transcriptional activity of the exsYpromoter.

CGGTTCCGCAACGATAGGGA TCCAATTATA TAAGACTAAT AAAAAAGCAC TAACCCATAC

1
primer :PexsY-F—>
61 ACCTGTACAC CAATAACAGC TTAATAATTC GCCAATCCAC TITCTTAATC CATTACCTTT
exsY —»
361 CCAATATCTT ATTAATGTAA ATACAAACAA GAAGATAAGG AGTGACATTA ATGAGTTGTA
SD cryldc —>
541 CACACAATAC TGCATCAGTA GCAAATACAC GCCCTtaaAG ATgoACOTAA CTl‘atg_GATA
<€ primer: PexsY-R primer: 1A¢F —>
4081 AAGGAACATT TATCGTGGAC AGCGTGGAAT TACTCCTTAT GGAGGAATAG TCTCATGCAA

€—— primer: 1Ac-R

3. EBRESIMEIT

Figure 3. Overlapping fragments primers design.
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pHT315-PexsY-1Ac

ori1030

CGGTTCCGCAACGATA ...... ATG...... CGCCCTTAAAGATGGAGGTAACT Tatg...... GAGGAATAG

SD

E 4. pHT315-PexsYdAc IR EILE R FKiEX F 5
Figure 4. Physical map and expression region sequence of pHT315-PexsY- Ac.

2.3 PexsY 1§ 5 crylAc EFAKIE

Ak pHT315PexsYd Ac # N E. coli ET
v, BEEL ET h B ORL N Bt HD73 7 o, £ 8] HD-
PexsYl1Ac315 [ Fk. L. HD73. HD-P3A1Ac315.
HD-PS8E1Ac315 4y BHPEXT HE, LA HD73 ™ JE ff #k 58 AF
PR B3 X8 i, 7 SSML % 57 2k oh 15 9 42 9 70 24 )
HEAT I B L BE L 8L, AE HDT73 ™ KR PG AR AE A
(& 5-A) , M 7F HDPexsY1Ac315 BB o v] M ¢ 3
S a4k (] 5B), 5§ HDP3A1Ac315 F1 HD-

P8E1AC315 g BAHL (B 5-C.D) . f£ SSM ki 9%
R B SRR T, L CrylAc A ™ & 47 R o
HDPexsY1Ac315 fE 1% & 1A 133kDa ] CrylAc &
HoEREAE —SMER T, en8E Ji5h7RIE
Cryl A B 5 LLBF 25 %) HDT3 % 3% Cryl Ac B 75,
5 MWL R — B0 1M PewsY 7 3 1 A1 cry3A
JA B AR AR UG, R 3, HD73 7 TG A
AL AR FKIE CrylAc E11 (18 6)

[ 5. Bt B #kAYIE S R R W
B: HD-PexsY1Ac315; C: HD-P3A1Ac315; D: HD-

Figure 5. Transmission electron microscope observation of Bt strains. A: HD73 ™ ;

P8E1Ac315.
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kDa HM HD73 PexsY P34 P8E HD73-
250 ——  — s

13077 9 g e o «— 133kDa
100 — —
75—
50—

B 6. Bt E#k$ CrylAc ZHH) SDS-PAGE 7 #ff
Figure 6. SDS-PAGE analysis for Cryl Ac protein in Bt strains.

2.4 HEYFEMESW

HEAT T H AL HDPexsY1Ac-315 X IV | & K dE 47]
B &)y A A v PR I g, DABF /B A HD73. 7§ #k HD-
P3A1Ac315 Fl HD-PSE1Ac315 K [ 7F %t M, LA
HD73 ™ Jg i A 58 A% bk 4 B M 0k L 45 L & W] HD-
PexsY1Ac-315 XMy K B A 1R w5 1) o g s
LC,, K 1.76 ug/mL; HDP3A1Ac315 [ LC,, X
1. 40pg/mL 5 HD-PexsY1Ac315 4 {5l; HD73 F1 HD-
PSE1Ac315 f] LCy 43 % 4 0.81 pg/mL F1 0.66
peg/mL, LCy 21 4 HD-PexsY1Ac-315 (1) 1/2 (£ 3) , 4t
i} HD73 fI HD-P8E1Ac315 [ 4 Hi 3% 1 & T HD-
PexsY1Ac-315; HD73 ™ JG fif 4 58 22 B0 7 9 T K I kG
AHUEE . BAESEIRRBIAE ory JER 5 3) 148 3 Rk
) Cry A BAT AR dG e B 7 v WoR T 2% 1 Bk
FIAE DU R S R L 2 g/ mL I 6 s K 5 49 B
4y HCBEAT A2 D TR &5 SR e 0 1) A T o B el A R K
TE S A0 38 2 AR D 5 3k L, AR KBl R 1 B T .
7-A Jy HD-PexsY1Ac315.7-B Jy HD73.7-C }j HD-
P3A1Ac315.7-D ) HD-P8E1Ac315.7-E % HD73
BRI AR A ORCR B2 AN K

F 3. Bt BRI ERIERY R RIFE
Table 3. The insecticidal activity of Bt strains against

Ostrinia furnacalis

Sample LCsy / (pg/mL) 95% confidence
HD-PexsY1Ac315 1.76 1.48 -2.08
HD73 0.81 0.64 - 1.00
HD-P3A1Ac315 1.40 0.98 -1.95
HD-P8E1Ac315 0. 66 0.36 - 1.07
HD73 - NA NA

NA :No activity.

B 7. BtEHKEMER

Figure 7. The result of insecticidal activity ofBtstrainsagainst Ostrinia
Sfurnacalis. A: HD-PexsY1Ac-315; B: HD73; C: HDP3AlAc315;
D: HDP8E1Ac315; E: HD73 ™.

3 it

Tz 4 2 WA BRI R 6 N B G AN G
OB B A7 JRORE SR Ry A AR < e AR R
AP A A0 N 1961 4 3 R T Bk, Be 78 3 it
i R T EORRIE Y . RAE Bkl R
B 1 7 Ml T 5% 5 (R AR Y T 8 AN B A A R A
P AR B 5 o JO3E PR e O R Ui
Bt il N VG o Bt gk L EE o 2 AR R
P n R TR ) B B AR e B R s A
Mgtz — .

Cry T H 338 T 252 )7 8)) 1 10 e 5% 1t Fl e
FJi mRNA R E PR S0 Y o 8 T2 RNA
B W 46 DI LS5 by B 3Ok &R B R ) 3R AL
# mRNA [ 58 PEAE HE N R A W B h il 5 2 )
fE TP mRNA (R R 1 2 B8 b 33 R0 535 11045
S5 R YLE 3 5 ] B N ZE IR A5 R BT 1 mRINA B B A
57U B OEAE M K 2 SD 41 (Shine-Dalgarno
sequence) , SD JF 41| 5 & ¥ 4 30S W 5 45 & (R 9
mRNA 52 1% W 1 e ™

ExsY JE A7 15 Be [ 9 () 2 g A1 BE i) 58 o7 45 44 iR
1o exsY JE PR 7E 2F IO e 300 (o 5 4R 4R B
PexsY Ji3 2§ 75 W % Pk AE 8w A 0F 50RO 3)
T3RIE erylAc KEDH S BB T BC i AR HLOW T K M8 A7 7 R
HOVE PR o XA R R KD R AR ery BRI S 31 R
I ery JEDA, AL R B A2 R AE T
BB PexsY J5 31 A5 2 0 WG 0TS 46k R I e 3%, 2
B ery JEIRE B 1 J2 A5 2F M LR R 45 B R B %,
crylAcwcery3Aa~cry8Ea %5, T PexsY B8 ¥ 5 cry )8
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) RPN, 75 R — AR A 2 0 NS AT 5
WS 1 ery FEDN R 817 3RIK ery JEDNAT PeasY JH 3
T AL cry He DN (R A IE BAR S AL A5 AE A [R] ) I 1) P
UHARIE erylAc ZEDN, BETTHE W Cry H A ™ i

Z 2 3LHR
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Expression of crylAc gene directed by PexsYpromoter of
the exsY gene encoding component protein of exosporium
basal layer in Bacillus thuringiensis

. 1,2 1,2 2 . 1,2 . 2
Qingyun Zheng '*, Guannan Wang '~, Zhe Zhang", Ning Qu ", Qi Peng’,

. 2 . 1 . e
Jie Zhang™, Jiguo Gao , Fuping Song
"College of Life Sciences, Northeast Agricultural University, Harbin 150030, Heilongjiang Province, China

*State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection Chinese Academy of

Agricultural Sciences, Beijing 100193, China

Abstract: [Objective] To discover new elements for cry gene expression, PexsY,which is the promoter of the exosporium
basal layer structural gene exsY, was used to express crylAc gene in Bacillus thuringiensis. [Methods] We used be ta—
galactosidase assays by promoterdacZ fusion to analyze the transcriptional activity of exsY promoter and truncated exsY
promoter. The crylAc gene was directed by the non-cry gene promoter PexsY and was then expressed in Bacillus
thuringiensis HD73. Transmission electron microscope (TEM) was used to observe the formation of crystal inclusion. The
Cryl Ac yieldswere evaluated by protein quantification and SDS-PAGE analysis. Bioassays against Ostrinia furnacalis were
used for the functional verification. [Results] Beta-—galactosidase assays showed that the exsY promoter had a strong
transcriptional activity in the acrystalliferous mutant strain HD73 "~ on the late sporulation phase. CrylAc expression
products directed by the PexsY could form diamond crystals. SDS-PAGE analysis showed that the cryl Ac gene directed by
the cry8E promoter has the highest protein yield among the four promoters while the crylAc gene under the direction of
PexsYorcry3A promoters showed similar protein yields. The bioassay results showed that the Cryl Ac protein directed by the
PexsY promoter was toxic against Ostrinia furnacalis. [Coneclusion] The crylAc gene under the direction ofthe non-cry
gene promoter PexsY was able to express the Cry proteins at the late sporulation phase and could form crystal inclusion in
a B. thuringiensis strain. Our finding provides applicationpotential for the genetically modification of engineered Bt
strains.

Keywords: Bacillus thuringiensis, PexsY promoter, CrylAc
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