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Construction and characteristic of a constitutive expression chi of
engineered Bt strains
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Abstract: [Objective] We constructed Bti engineering strains that can highly express chitinase genes
constitutively, so that the strains can inhibit the growth of fungi more effectively. [Methods] The full
length and series of deletion promoter fragments of chitinase gene chiB from Bacillus thuringiensis
were cloned into a shuttle promoter-probe vector pCB, and all of the constructed plasmids were
transformed into Bti75 strains. A 190 bp-length high constitutive expression promoter was
identificated based on the results of f-galactosidase activity and real time-PCR. By using this
promoter, we constructed Bti75 engineering strains that express chitinase gene chiMY of Bacillus
licheniformis and chiA gene of Bti75 itself. SDS-PAGE and zymogram analysis were used to
examine chitinase expression. In order to evaluate the antifungal activity assay of engineering strains
against 3 plant pathogenic fungi, mycelium growth and spore germination inhibition assay were
done. [Results] Without induction, S-galactosidase activity and mRNA contents of S-galactosidase of
Bti75(pBPA7) was about 7-fold and 2.5-fold high than that in Bti75(pBP), respectively. Without
chintin induction, the chitinase activity of Bti75(pDA) and Bti75(pDM) was up to 3.5-fold higher
compared with the parent strain. The results of SDS-PAGE and zymogram analysis confirmed that
chitinase could be highly expressed in engineered strains. The results of antifungal activity assay
indicated that the two engineered strains achieved a significant improvement in inhibiting three plant
pathogenic fungi species. [Conclusion] The 190 bp deletion mutant promoter could drive the
expression of different chitinase genes constitutively and efficiently. Without induction, the two
engineered strains with the deletion promoter exhibited high antifungal activity.

Keywords: Bacillus thuringiensis, Chitinase, Deletion mutant promoter, Constitutive expression,
Antifungal activity
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Table 1 The strains and plasmids used in this work

Strains and plasmids Relevant features Source
Strains
Escherichia coli DH5a ¢80 lacZ AM15 deoR, recAl, endA1, hsdR17 Lab collection
Bti75 No f-galactosidase activity Lab collection
Bacillus licheniformis MY75 Lab collection
Phytophthora capsici Lab collection
Fusarium graminarum Lab collection
Rhizoctonia solani Lab collection
Bti75(pBPA7) This study
Bti75(pBP) This study
Bti75(pDA) This study
Bti75(pDM) This study
Plasmids

pMD19-T Cloning vector, 2.7 kb, Ap® TaKaRa
pCB Promoter probe vector with the bgaB gene as reporter; Ap" and Er® Lab collection
pBP pCB with the fragment chiBp containing the wild type promoter of chiB was cloned i

into the BamH I-Sal I site; Ap® and Er* This study
pBPA1 pCB with the fragment chiBp truncated 130 bp from 5'-end; Ap® and Er* This study
pBPA2 pCB with the fragment chiBp truncated 180 bp from 5’-end; Ap® and Er® This study
pBPA3 pCB with the fragment chiBp truncated 251 bp from 5’-end; Ap® and Er® This study
pBPA4 pCB with the fragment chiBp truncated 222 bp from 3’-end; Ap® and Er® This study
pBPA5S pCB with the fragment chiBp truncated 229 bp from 3’-end; Ap® and Er® This study
pBPA6 pCB with the fragment chiBp truncated 236 bp from 3'-end; Ap® and Er* This study
pBPA7 pCB with the fragment containing the DNA sequence of the chiB gene from 324 bp to 135 bp i

upstream of the translation start site was cloned into the BamH 1-Sal I site; Ap" and Er® HRSC
pDA pCB-chiBp A7 with chiB ORF from Bti75 in the Sal I-Sph I site; Ap" and Er® This study
pDM pCB-chiBp A7 with chiMY ORF from MY 75 in the Sal 1-Sph 1 site; Ap® and Er® This study
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1.1.2 IEFEMEFZMH: LB E.
coli Bti75 PDA

( M glL) K,HPO43H,0 18.27
KH,PO; 5.99 (NH,),80; 1.98 NayCeHs0,3H,0
1.00 MgSO, 0.25 10.00 pH7.2-7.4

( O M 1%
E.coli 37°C Bti75 30°C
100 mg/L
50 mg/L 50 mmol/L pH 5.0
113 FZEIRXFIFNLEE:
PCR TaKaRa ( )
Sigma
Bio-Red MJ Research PCR

Gene StepOne PCR ABI

1.2 DNA #1E
E. coli Sangon
E. coli CaCl, ™
Bti75 [
1.3 chiB FERMRREHNTFHERHURERE
IhREREIE
B. thuringiensis HD-789 chiB

(CP003763.1) Bti75
chiB chiBp-F
chiBp-R chiBp

chiB 3’
5/
2 PCR

94 °C 4 min Touchdown (94°C40s 46°C

45s 72°C35s 1°C
5 ) 94°C35s 50°C40s 72°C35s 26
72 °C 10 min PCR TA

pMD19-T
chiBp 7
BamH1  Sall
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pCB
Bti75
M C p-

1.4 p-FFEEEENNE
bgaB Bti75 p-
[11] 1
55°C 1 min 1 ODgyy
1.5 RNA BI$ZEUK cDNA &5
M 7h  Bti75(pBPA7)
Bti75(pBP) RNAiso Plus
RNA cDNA
20 uL
900 ng 3
37°C15min 85°CS5s
cDNA —80 °C
1.6 EERHTEEPCR R EHE—BUIEEN
ABI StepOne PCR
SYBR Green
Primer Express 3.0 (ABI)
16sRNA 2
PCR
C bgaB
16sRNA 1l RNA
cDNA 10°
10° PCR

RNA

bgaB

17 NTEREBERRERETIEERGE

Bti75 MY75
DNA DNA PCR
chiA  chiMY 2
Sal 1-Sph 1 pBPA7
bgaB
PCR
pDA ( chid ORF) pDM
( chiMY ORF) 2
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Table 2 Primers for gene amplification

Primers Sequences (5'—3") Purpose
chiBp-F GACTGGATCCTTCTAAGTTCTGGAG (BamH 1) chiB
chiBp-R TAAGGTCGACTGAATCTGCTAATGC (Sal I)
chiBp,-374-F TATAGGATCCCACACTATTCCCTCC (BamH I)
chiBpup-324-F GCATGGATCCCCTTATCTTTCTACG (BamH 1)
chiBpyp.253-F TTTAGGATCCTCCTCCCATACCGA (BamH 1)
chiBpaown-135-R GTCCGTCGACTAAATCGTAACAAAT (Sal I)
chiBpaown-12sR GAGTGTCGACGGGTGATTAAATCGT (Sal T)
chiBpaown-121-R ATTTGTCGACGAGCTGGGGGTGAT (Sal 1)
chiMY-F AAATGTCGACTAAGGAGGAAAAATAGATGAACATCGT (Sal 1) chiMY
chiMY-R GGGTGCATGCTACTCAGACTCCTT (Sph I)
chi4-F GGGGTCGACTAATTAATTAAAGGAGTGTTGATATG (Sal I) chid
chid-R GGGGCATGCTAAATCGTGGTATTGGGAC (Sph 1)
16sRNA-F CGTGTCGTGAGATGTTGGGTTAA PCR
16sRNA-R AACTGAATGCTGGCAACTAAGATCA
bgaB-F TCACATGTTAACTGGCGCGATA
bgaB-R ACCACGGGCAATAGTTGCATAA

Bti75 SDS-PAGE 1.9 IRE/LTREENNE
Bti75
1.8 IREHRFRREZEANNKEES [17]
Bti75(pDA) Bti75(pDM) 110 IEEMEEEHEE
LB 12 h 1% Bti75
M 30°C 200 r/min 72 h
SDS-PAGE
[15] 111 IRENHEEEZLEK
sl 1.10
SDS-PAGE
0.01% 4 mL 16 mL PDA
(Glycol chitosan Sigma)
0.1%  Triton X-100 3
18 h PDA
26 °C 2d
(Fluorescent Brighter 28 Sigma)
[16] Bti75 Bti75(pDA) Bti75(pDM)
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M C
p- 1B
112 IREMFIEERFHEL 606 bp chiBp
[3.19] PDA 2 1B
50 uL 3
10* 10’ CFU/mL 150 uL Bti75 7 5
5 3
28 °C 3-5d -253
2 ZR545W 3 3
21 HEREBESHERERHFREFEMRER
E 1 -135 p-
1A PCR 7 U/mL
7 7 1.4
pCB
1 pCB B- 190 bp (chiBpA7)
bgaB 3'—-135 (chiBpA4)
B- 5 -324 3 -135 chiBpA7
Bti75
A B
~504 4102 chitp B 555765 Induced medium
=374 R KA B33 Minimum medium
(o T chibpa2 |
= L | chiBpA3 ;
| =133 chiBp/ R S
| 128 chiBpA3
| - 21| chiBpA6 i
‘%%:3% M@mf

p-Galactosidase activity (U/mL)

1 BEFREREREIMERRERT FIIBE M RIELEEN
Figure 1 The strategy of deletion analysis of promoter and the enzyme activity and the type of expression of constructed
plasmid in Bti75 strain
A (+1 ) B A Bt S-

Note: A: Diagrams of deletions of chiBp (translation start site indicated as +1); B: Histogram showing the results of quantitative
[-galactosidase assays of Bti75 strains containing plasmids referring to the deletions shown in A.
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22 IREEEA bgaB H) MRNA AT RILE 23 IREERMERIFRREEEEN
C; 1.8 2
Bti75(pBPA7) Bti75(pBP) - mRNA  Bti75(pDA)  Bti75(pDM)
cDNA
log AC[Cy(bgaB)-C(16sRNA)] 4 2
( 2 bgaB ~ SDS-PAGE (A C) (B D)
16sRNA 4 Bti75(pDM)

0 0.052 bgaB ChiMY 67 kD

16sRNA E. coli

2724%100% Bl ( 4B)

274 100% p- 67 kD
bgaB chiBp  chiBpA7 Bti75(pDA) SDS-PAGE
mRNA 3 36 kD ( 4D)
bgaB mRNA 2.5
(P<0.05) 5 2
6 chiBpA7
> + 2 Bti75
S 3=0.052 log(x)+5.219 4
<y R=0.596 8
7 U/mL 2 U/mL
00001 0.001 0.01 01 i
c¢DNA dulation

El2 BEE bgaB 5SBER 16sRNA T BT LG
Figure 2 Compare of the amplification efficiency of
target gene bgaB and reference gene 16sRNA

3.0r
25r N
20

1.5 ¢

1.0 -

Relative expression of bgaB

051

Bti75(pBP)

3 chiBp A chiBpA7 551 bgaB EFE mRNA #% =
Figure 3 mRNA expression of bgaB gene under chiBp
and chiBpA7

Bti75(pBPA7)

E 4 I #EHE Bti75(pDM)FA Bti75(pDA)FRRIEER
#) SDS-PAGE ik R Bgi% 43 #f7

Figure 4 SDS-PAGE and zymogram analysis of specific
expressed proteins from the strain Bti75(pDM) and
Bti75(pDA)

A C SDS-PAGE B D .1
Bti75(pDM) 2 Bti75(pDA) CK Bti75 M Marker.
Note: A, C: SDS-PAGE; B, D: Zymogram analysis. 1:
Bti75(pDM); 2: Bti75(pDA); CK: Bti75; M: Protein marker.
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.

Bti75(pDA) Bti75(pDM)  Bti75

B 5 RFESERMIEERSFRAEKR/LT REBAIR
kg

Figure 5 Compare of the expression level of chitinase
between parent strain and Bti75 engineering strain

24 TEEHKMG 3 MEFRZLAEKHYMR
it

Bti75(pDM)
Bti75(pDA)
0.18 g/L Bti75
4.1 UmL 2
Bti75(pDM) 14.2 U/mL Bti75(pDA) 13.9 U/mL
3
6 1 2
34 Bti75(pDA)  Bti75(pDM)
A B C 3
6
C 2
3
A C
3
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25 IREHRNEEERTELZIBRMIL

Bti75 Bti75(pDM)
022g/L 024 gL
45U/mL  18.9 U/mL
( A)
7 Bti75 (  B)
Bti75

E 6 H4EBEH Btirs RILi#EE Bti75(pDA).
Bti75(pDM) X 3 #fs /R E B H 2 4 KR HI I 1E A

Figure 6 Inhibitory effect of Bti75 and Bti75(pDA)/Bti75
(pDM) against mycelial growth of three fungi
A B C .1
2 Bti75 3 Bti75(pDA)

4 Bti75(pDM)

Note: A: Phytophthora capsici; B: Fusarium graminearum; C:
Rhizoctonia solani. 1: Control; 2: Medicated tablet of Bti75; 3:
Medicated tablet of Bti75(pDA); 4: Medicated tablet of
Bti75(pDM).

B 7 EFAERER Bti7s & TIEE# Bti75(pDM)FH R &
SR E 10 F 5 & B HD I 4 F
Figure 7 Inhibitory effect of Bti75 and Bti75(pDM)
against spore germination of Fusarium graminearum

A + B +Bti75
C +Bti75(pDM) 12 10* 10° CFU/mL

Note: A: Control (spores and phosphate buffer); B: Spores and
crude enzyme solution of Bti75; C: Spores and crude enzyme
solution of Bti75(pDM). 1: Spore-containing fluid (10*
spores/mL); 2: Spore-containing fluid (10° spores/mL).
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