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R BEPRE NIRRT FRT R4

"B 'k A 'EEF 'Tz8 'EAYT HIE
N EREBSREEEPHRET AR EFEYFEFENTERE LE  100094)
MR HERESEPHTT BE 210014)

i F SMNUHEFEREE- KB EFREN pHB201 A1 pRP22 ARG, #d REEH
L FE B HD- 1 RAEEAER orvlAc SA T KB HEB LB E S EF AT Bo16,
TR o ok SRR B T L 3K 287 Southern DB A T IR BHUE D IEEMEHRIEL T orvlAc B
HANSARRERICPHFELRL. NMEARNEEHA IEHEHENRTREEAUEERRTHY
WEES, BREEHITEHEMERE pRP22 ABRM TREEH B224 BHER M B E#,
i LAk pBH201 #yEf TR M % Bs2014 WA fE . Mk, LWMIEE B REMSFA S E
KX BO16 MAEKBAEARRE B,

XA FoLEFEFE HEFAAHE, FRRE AREOER EFIRE

S#F QI8 NXWFRE A WS 1000-3061(1999)02-0215-20

Bt(Bacillus thuringiensis )R MA|EF RIS B MR ERTE AT EEEY
ZEMRA, HTEATELAYEG. ¥ B AHEEEQCP)EN S AHBRIR,
P TET AR P A A R A R D PR B O R R AR Be il SO S AR B R 2R o LA
HREREASAR Y S TREHRESEBANE 0 hel-7, kg
Bt crytAc N SFARFEHFLABAMBARE TRAEFA R IERAN LEE, H
TP FEES S EFRTES i RSt kBT EENE A RIERAY
RMEF. MEFMAFTE BI16 BILFHRBGERN SERKEN T &S B8 —8K
ok A BB, 1992~ 1996 4 H [HiRA % & I T X K SO R B ik 50% ~ 81 %, -3¢
KEBERMNEHRSES) SR ERA 2, AWEUREFRITE-KBITEES
R AEE A vl Ac BESAT Bole, MERIThIAE X MR ERN LEE K, Fat
X TEERMANREENERERH#T THR.

1 #EfF*

1.1 iRIsEE

W SRB % 1. EXIE(Ostrinia furnacalis ) FI/NFERE ( Plutella zylostella )AR¥E
AT B E AR R R R AT ERIRAHMR Y G AR . DNA BB, DNA Nick
Translation System Kit, TADNA £ 884 § Promega A8 ;0P dCTP M T ER A A L
EERMTREAED LS HERAMY AT EEN, ().

B R {EH E-mail: dfh313(& public. bta. net. cn.
i H #7:1998-01-13, #8[2 H #1.1998-11-30,
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Table 1 Strains and plasmids

Plasmids or strains

Description

Construction or source

Plasmids

pOs22

pRP22

pHB201

p£Y2014

pZY2249

Bacillus subtilis

BO16

Bs2014

Bs2249

Bacillus thuringiensis HD-73
Pathogenic fungi
Rhizoctonia sofani KUhn
Pyricularia oryzae Cav.
Fusarium oxysporumf sg.
wasinfectum { Atk. )
Verticitlium dahliae Kleb

Amp*, pUCI8 carried Bt HD-1 cryl Ac
Amp".Cm", E. colt-B . subtilis shuttle plasmid
Erm*.Cm", E. coli-B. subtilis shuttle plasmid
pHB201 carried cryl Ac of p0OS22

pRP22 cartied cryl Ac of p0S22

Wild type
B916 contains plasmid pZY2014
B916 contains plasmid pZY2249

Wild Type
Wild Type
Wild type

Wild Type

Lab. stock

Prof. Chen Yongfu
Prof. S. Bron

This work

This work

Prof. Chen Zhiyi
This work
This work
Lab. stock

Prof. Peng Yufa
Prof. Peng Yufa

Prof. Sun Wenji

Prof. Shi Leiyan

1.2 ENRE.DNA B A REI EE BB SR
R SERUFT B3 14 % 1L A0 ORI 32 BOR A A7 5 36105 KB 4T B OB MU . DNA 8§
Yl R B E B Bl i AL R AR L R,

1.3 Southern blot

cryl Ac F Apna B PEFE i % 3% Promega 280 &8 W HE 1T, Southern 2235 % F

David ﬁfi‘[ls] °

1.4 TEEEARBEYMTERS BI6 £ REELER
TRERERBEENSHTEE Bron FEM, 3B WE LEEHS BI16 MAEKE
H, 84T BdCPs EFE M S AMEEX BO16 &M,

1.5 TiEMEMEEYIEsH

BRFHET PDATHYRERZHERERY 2em, ETRDZ SN BEBEAERH
8mm A BO16 1 TR B bR EE Fr 4k SE 18 3% 3~ 6d, MIIMBEH X/,
1.6 TIEWMHERDEDEESEN

TRE MR AR LB, 5535 3~4d, DIEW . K: ATFRBHR 1:9:10 By 4
REEHEATRER ARG, 28T H% 6d HELE; DR REH BN H 4 10s, H R K
TFRRENPEEIRXR, 25~26T IE 5, 48h #1 96h WEE R U LB AR, AKXt
H.BEATE=(LBFHETE - HRFEHH )/ XM THFEEE X100%,

2 REER
2.1 ITIESHNKARSS TR
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Fki pOS22 2 Hind I M BamH I E&HLEH —1 3.0kb FBEE T crylAc
HEEh T/ 2.8kb RIBX, BHABSNERE 2 M FRBGCHEMNS TERAS, ®B
TH% orylAc ZE B WA BEHF RN, L pHB201 i pRP22 yok- &5 Sich &0 A
43R 6n 45K pZY2014 Fl pZY2249,

PLEE 20 R pZ Y2014 F1 pZY2249 23 BISE 4L BO16 FRZ 540 M, ¥ LSA LY 10° 41k
F/pg DNA, BHEHIEE 4 MET, RERMXBH TN SH S EARNK/DE
TR, 4F PHERE— AL F R, B U1 H8 3k 73 1770 Southern blot(B 1)HE%E crylAc
EFECRYISA BYI6 Bk, 5 HARK pZY2014 M pZY2249 BFI RS TN &
£ % L2 Btk Bs2014 1 Bs2249,

1 2 3 4 5 6 7 9 10 11 12 I 2 3 4 § 6 7 8 9% 10 11 12
. IR , kb .

231

o 9.4
66
; » 4.4
-
e
o - 23
5 20

P 1 T bk TR PR 47 e K 3 4T (A) M Southern blot(B) .
Fig.1 Analysis of plasmids from engineered strains by restriction digestion (A) and southern hybridization (B)
1.Bs2249/ Hind 1l ;2. Bs2249/ BamH I + Hindll ;3. Bs2249/ BamH 1 ;4.Bs2249;5. pRP22;6. Bs2014/ Hind[ll ;
7.Bs2014/BamH 1 + Hindll ;8. Bs2014/BamH [ :9.Bs2014;10. pHB201: 11. Apya- Hindli 512. cryl Ac

2.2 TEEHFRREYTEEN

Tk A TRERGEMATHNEE RIS, ﬁ,ﬁﬁﬁﬁ}zt i BA
YEt BB IR MIE MR, A K B iF. 6dJ5 Bs2014 1 Bs2249 1E3F 6 FE R (A2 £ FE 5%
rE st 3 B MR IEFE -4 94 40.0% .91.4% 71 82.9% .88.6% (XK 2).

*2 IBHEEMEXRIVMDRNORREME(6d)
Table 2 Insecticidal activity of engineered strains against Ostrinia furnacalis instar larvae(6 days)

Treatment No. of tested larvae Killed larvae Mortality/ % Modified mortality/ %

CK 36 1 2.8

B916 36 2 5.6 2.9

Bs2014 36 15 41.6 40.0

Bs2014(Cm)* 36 33 91.7 91.4

Bs2249 36 30 83.3 82.9

Bs2249(Cm)}* 36 32 88.9 88.6

HD-73 36 36 100 100

# :Contain Cm Spg/mL.

NEBRRRE TR RSB H B R4 RE L#R, 24h EHF BT, 96h
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f& Bs2014 fEAR R ERARGEEE R G TRFBUREFRT A MK 55.2%F 100% ;7
Bs2249 M4 100% , HA R REA L5 HD-73 #HiEYS(E 3),

#®3 IRERMNNER-RHROFREME

Table 3 Insecticidal activity of engineered strains against Plutella xylostella 2nd instar larvae

Treatment No. of tested 48 h 9% h
Larvae Killed larvae Killed larvae Mortality/ %  Modified mortality/ %
CK 30 1 1 3.3 -
B916 30 2 2 6.6 3.4
Bs2014 30 13 17 56.7 55.2
Bs2014{Cm)* 30 30 - 100 100
Bs2249 30 30 - 100 100
Bs2249(Cm)* 30 30 - 100 100
HD-73 30 30 - 100 100

# :Contain Cm 5pg/ml..

2.3 ITESHKNELEHEERN

ITEFERNAFEIR SRR TEE % Bs2014 f1 Bs2249 5 & & B ¥k BI16 3
HERRAER, MAKBIEA AN KBEERENEHT 2om Z26(E 2), HRE
KR HEAERNE AR EREOERBNWEER, WEH2 5% 9mm M 12mm
(B ), % Bo16 RN HNEISIE, Ao A THERYR R E LG,

Activities against Rhizoctonia solani KUh Activities against Pyricularia oryzae Cav.
2 TEEHM BoLe M S vhe i
Fig.2 Antfungal activities of engineered strains and B916

2.4 IHEEHRRNEBEEMN

PR E SRR Rk pRP22 M EE R T2 B4k Bs2249 BERIF A BRE
¥, LR 2Sh RREER T 95.5% , LIS SOh MEHFE T 72%, LM BITH S0h
(>150 ) kL & KM/ F 10 73/48; 1 pHB201 WE M LREKNE B E % Fk (FE
3), TRE KRN MBEE S A M AEYBES R 8. b, 2500 TEB kSRR
537 S0h B9 6 MHEVLYTYE B PEHEAT T 0SB FUBR ) Y BT A 3K 07, 45 SRIE R (1] 5 48
M EARN 2 AEAER, RERASEHRS, REEHBRER(E ).
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2.5 TEEHKSBIc£EKEELEE
RTFFA TIEE# Bs2249 fI R B8k Bol6 £ R FEEHIT THE, L EFH B £H
HEASEEVEHRELEAVREAREM(E 4),

100

Stability/%

- L
[ =T ]
T v T

=1
=]

0 5 10 15 20 25 30 35 40 45 50 0 200 400 600 300
t'h #min

M3 LEAGREN

Fig.3 Stability of engineered strains M4 TRE G B2249 5 BII6 L KEF

1. Bs2014 cultivated with continual dilution Fig.4  Growth rate of engineered
2. Bs2249 cultivated with continual dilution Strain Bs2249 and B916

3. Bs2014 cultivated Successively 1. Bs2249; 2. B916

4. Bs2249 cultivated Successively

3 ZFtw

BAREFTEFRE B AREAREA ovlAc SAT KBS HBEHEREEFMR
FFEE BOl6, BN LTEEERRRF T B AEHEEM R FMEESE, XEATHEX
WHU/NERM S RER. NEBBENMFASHREN BI6 AEKERFEHENARE
m, EAEFUEHEMMEETENEFRAEMUEBRERT AV RE LT W%
BB BES, Vi RMALFRMEDRAEET &M%,

ITEHEMARERELRANMEA L ANMEMNBRERE. ARAPFREHNEAR
EHAREFRFERNEREFTEYSY, RBERER pHB201 HEEBEMN T
FER #F Bs2014 A 12 E, T LA pRP22 kM B TR E Bs2249 MAF R H M BE
. B Bs2249 LTS 25h R A ER, HEERBERMAMEEFEEREAG TES
BFEI-4dBEFINANEHEREHEER, XTEEREEAREETAEHATE
crylAc BEFREEFHAAN S, B, B RAEEREMIEH AR L] Ei#—
SRELEEHRAREOERNMWRERE, J{HELEGEMANE Bt ICPs ZEF A BIL6
RakUKBRENERE TEEH®. KN ARFRALIRERY KB _ES mH %
HE EREMDERES 2B, X 5HH) S RE—F, HREFTEEREH
N AL E Rt Bt HD-1cryl Ac EE A&,

g £ X W
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Construction of Genetically Engineered Strains of Bacillus subtilis
Against Insect Pests and Plant Pathogens

Chen Zhongyi' Zhang Jie! Cao Jingping' Ding Zhiquan' Huang Dafang' Chen Zhiyi’
'{ Institute of Plant Protection, Chinese Academy of Agricultural Sciences,
State Key Laboratory for Boilogy of Plant Diseases and Insect Pests, Beijing 100094}
*( Institute of Plant Protection, Jiangsu Academny ongricultura! Sciences, Nanjing 210014)

Abstract Insecticidal crystal protein gene crvlAc from Bacillus thuringiensis HD-1 was respec-
tively cloned into two Bacillus subtilis-Escherichia coli shuttle plasmid vectors pHBE201 and pRP22.
The hybrid plasmids were transformed into Bacillus subtilis B916, a biocontrol bacterium against
Rice Sheath Blight. Restriction analysis, southern hybridization and insecticidal activity bioassay re-
spectively verified the existence of crylAc gene and the efficient expression of Bt toxin protein in the
transformants. No difference in antifungal activities between the engineered strains and B916 was ob-
served. The result of plasmids stability analysis indicated that the engineered strain constructed using
PRPP22 as vector was stable, but Bs2014 constructed using pHB201 as vectors was unstable. It was
also showed that expression of Bt cry1 Ac had no negative effect on growth of B916.

Key words  Bacillus thuringiensis, Bacillus subtilis, shuttle plasmid, insecticidal crystal protein

gene, genetic engineering
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