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The Characterization of an Antagonistic Bacillus thuringiensis
Strain Against Crop Pathogens and Pests

HAN Miao-Miao' XIAO Liang' CAI Jun'? XIE Chi-Chu' CHEN Yue-Hua'*"

(1. Department of Microbiology, College of Life Sciences, Nankai University, Tianjin 300071)

(2. Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Nankai University, Tianjin 300071)
Abstract: Bacillus thuringiensis strain 519-1 was tested for the antagonistic activity against the growth of
hyphae of eight fungi including Aspergillium niger, Botrytis cinerea, Fusarium graminearum, Fusarium ox-
ysporum, Penicillium chrysogenum, Physalospora piricola, Rhizoctonia solani, Rhizopus nigricans. It could
notably inhibit sporangia germination of all the tested fungi. The culture of 519-1 exhibited high toxicity
against Spodoptera exigua and Helicoverpa armigera, with LCsyvalues of 5.5 pg/mL and 12.5 pg/mL, re-
spectively. PCR analysis with specific primers showed that the strain contained five insecticidal protein en-
coding genes: crylda, crylAb, crylAc, cryll, cry? and a vegetative insecticidal protein gene, vip34. Cry
proteins with molecular weight about 135 kD~130 kD 95kD 80kD 70 kD and 65 kD~60 kD were de-

tected using SDS-PAGE. The chitinase was expressed from the strain independent of any chitin. The results
showed that Bt519-1 was a strain which had high activities of broad-spectrum antagonistic and high insecti-

cidal toxicity against lepidopteran pests.
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(Bacillus thuringiensis, Bt) (Rhizoctonia solani)
, (Spodoptera  exigua)
Bt s (Heliothis armigera),
; 1.2 ERE
( NB 10 g,
Bt 10 g, S5g, 15 g, 1L,pH7.2
(23] PDA 200 g, 15 g,
, 15 g, 1L, pH
) 1.3 7%
, 13.0  EE X IS A B A
s Bt PDA s 2 cm
, Bt Bt , 28°C 3 d~4 d,
2000 Marrone BtAQ52 , R
(6l Moar Bt AU634,
HD-548 132 MHEERTHAL: PDA
4 ;
i 20 pL 10° CFU/mL
) , 80 pL Bt ,
, 28°C 2d~3d )
8] 1.3.3  FRHEEYIEMSEAINE:
NB 72 h,
, [10]
134 FHEARBEERMNLEE: DNA
Bt519-1 (H PCR
10
Bt , crylda cryldAb cryldc crylC
crylD crylE  crylF  cryll cry2  vip3A4
. . PCR 1 [12]
1 MRS 135 FHBHREEORN.
1.1 i EKRIA S SDS-PAGE )
(Bacillus thuringiensis)Bt519-1, 1.3.6 JLTREGEMNESE: [15].
(B. thuringiensis subsp. colmeri) 2 &R
15A3 , UL 20 3 8 MBI R EE KR (R
2004 ,
8 Bt519-1 18 ,
(Aspergillium niger) (Botrytis cinerea)
(Fusarium graminearum)
(Fusarium oxysporum) (Penicillium chry- ( ) Bt519-1 8
sogenum) (Physalospora piricola) s Bt15A3
(Rhizopus nigricans) 2

© FERFERMEMARAATIKSHIEST http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



1752 wehGEHR 2008, Vol.35, No.11

&1 PCRFTAfRIIMRSMLE

Table 1 Characteristics of specific primers

(5'-3" (bp) GenBank
Primers Sequence Gene Product size GenBank Accession No.

SpcrylAa(+) ttcectttatttgggaatge
UNcryl(-) mdatytctakrtcttgacta G A9 W20
SPcrylAb(+) cggatgctcatagaggagaa
UNcryl(-) mdatytctakrtcttgacta BRI g LRI
SPcrylAc(+) ggaaactttctttttaatgg crvide 844 M11068
UNcryl(-) mdatytctakrtcttgacta Y
SPcryl C(+) atttaatttacgtggtgttg
UNcryl(-) mdatytctakrtcttgacta G C L ATl
SPcrylD(+) caggccttgacaattcaaat
UNcryl(-) mdatytctakrtcttgacta G2 S 2SR
SPcryl E(+) tagggataaatgtagtacag
UNcryl(-) mdatytctakrtcttgacta e 7y RN
SPcrylF(+) gatttcaggaagtgattcat
UNcryl(-) mdatytctakrtcttgacta crylF A7 RISy
SPcryll(+) acaatttacagcttattaag
UNcryl(-) mdatytctakrtcttgacta ol el SR
UNcry2(+) gttattcttaatgcagatgaatggg M31738

cry2 701 X55416
UNcry2(-) cggataaaataatctgggaaatagt X57252
SPvip3 A(+) cctctatgttgagtgatgta .
SPvip3A(-) ctatactccgcettcacttga 2] L RACTITEY

& 2 Bt519-1 HHEXT 8 #E FAYHNHI R

Table 2 Antifungal activity of Bt strains against 8 fungi

F. graminearum  R. solani P piricola  A.niger P chrysogenum  B. cinerea  F. oxysporum R. nigricans
Bt519-1 A 4= Sists - 4 AR A 4
Bt15A3 - +* + - + + = =
+: s+ R=1.1; +++: R=1.2; —:
Note: +: Slight inhibition; ++: R=1.1; +++: R=1.2; —: No inhibition
22 IEEBFHEAEENE 2.3 RHEBMHMEYNE
Bt Bt519-1 Bt15A3
519-1 8 R
R ( 1 , Bt519-1 , LCs
) 2d~3d , 5.5 pg/mL, 15A3 3
, Bt519-1 )
1 3 3 Bt519-1
, 5

El1 Bt519-1 3 3 MEREBFHAIGEER
Fig. 1 Inhibitory effect of Bt519-1 against spore germination of three fungi
A: ; B: ; Ce ;1 ( + ); 2t +Bt519-1
Note: A: Fusarium oxysporum; B: Rhizopus nigricans; C: Fusarium graminearum; 1: Control (sterilized water and spores); 2: The culture of
Bt519-1 and spores
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24 FHA@AEEHEEELD
10 PCR , Bt519-1

, crylda cryldb cryldc cryll

cry2

vip3A4
( 2)

crylC crylD crylE

PCR
4
crylF

Probit )
Probit analysis LCso(pg/mL)  95%
Samples Insect species Gradient doses (pg/mL) LCso(png/mL)with 95% fiducial limits
se x’ df P
Bt519-1 S evieua 30-3.95 0.428 2947 3 0.400 5.5(4.1-6.7)
Bt15A3 - exig 40-7.9 0.240 1517 3 0.678 18.2(15.2-22.0)
Bt519-1 H. armizera 53.3-12.27 0.500 2.056 3 0.561 12.8(9.9-15.0)
Bt15A3 ’ & 40-9.2 0.597 1589 4 0.811 7.8(4.9-9.9)
bp M crylde  crylda  bp vip3A M
b
1200 1286 P bp
900 844 1000
700 900
M cry2  cryll M vipldb
bp bp bp bp
1200 1000 1200 1371
800 701
500

2 Bt519-1 FHEBRBEE PCR =Y IR A HE f k47
Fig.2 The spactram of PCR product amplification from Bt519-1 with specific primers

M: DNA marker

2.5 Bt519-1 AEEFAPAZHBIKRER SDS-
PAGE %3

SDS-PAGE ,
Bt519-1 20 h ,
135 kD~130 kD 95 kD 80 kD
70 kD 65 kD~60 kD ,
CrylA Cryll  Cry2
3 130 kD~135 kD
14 h~18 h , 20 h
60 kD~65 kD , 18 h
95 kD 70 kD
80 kD ,24h 2
Bt

2.6 JLT REEEMERINE

Bt519-1 NB

&3
o

150

100
80

24h 22h 20h 18h 16h 14h

o

% s ip.-a

60 —&
40

14 h~24 h IEFHY R AR IKE B SDS-PAGE [EiE

Fig. 3 The patterns of insecticidal crystal proteins from
Bt519-1 14 h~24 h by SDS-PAGE
M: Marker

Bt15A3 [13]

Bt519-1
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Table 4 The chitinase activity of Bt 519-1 in different

medium(U/mL)
Strains NB chitin NB
Bt519-1 2.53 1.71
Bt15A3(CK) 2.0 1.63
3 e
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, CrylC CrylD
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