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WE W Bacillus sphaericus 2362 _ LHEEEZHB TR FHNERM —~HEREZ TR AT
¥, i#xf PCR §"# 1. 1 kb #) DNA R BRAEB4H KM T Cs-41, TAB881, 1AB872, BS-197f1
LP1-G E#kh — T # B4 H .Southern 223 F 8 C;-41, 1AB881. IAB872f1 BS-1978 ¥k
3.5kb Hind X 2 LP1-G 4.7 kb Hind Y B F B 0 AW E ST EHERE®N =T
% £ H .SDS-PAGE #l Western B33 2435 7 BH 7 45 B Bk #R BB = 42 41. 9 kD Fi151. 4 kD j9 %
EEH.C-41, TAB8S1, BS-197H1236284 £ & B W A BN R X BUBR R T FEM Culex pipiens
subsp. pipiens §I HBHR, EXRAEHHILFEILE,; LP1-G M EBEMPAER S HEFHRA
MR R R TABS72XT SRS B, MRS i E - R LP1-G A4 X BBk B xt
WS R EE RS Mx EXEAFBRN.

KA ERIBFRATE. i, REER, A, #FiE, EE

BRI FEHIHATE Bacillus sphaericus (fii#k Bs) B— R EBRR P Z0HHHFKER
HHE.Bal, ZEXAMOTEBMBERSHNMFER H,. Ho. Hyy Hso Hs, Ho Hys
1 He) BB A —EWRERAMEAY KPS mH I E KB LER H;. H M
Hys, 12362, 1593, 2297F1 C;-41%50~%) 1% FEEMX Culex spp. TS H » 1B Anopheles
spp. KZ s MU Aedes spp. BHK . TASHENERERFRERIBRPRIERHZ
TLHERXERREAMSL. 4 kD41, 9 kD EHARMERES K DA URERAEBEYE,
mAETEBAERRENEOENEATHRBRERBREED, A48 YH LEHA
MRS L, GPHERE B RE T  TERKEHEkF, MSS1-1, BF
45100 kD f130. 8 kD HFEHH mex EFC AP HEN BN ERE TR mex BE
HEERETE Mix R ZFEXWIERVIELRP Southern 22X LR WIEH, EHES
B #2362, 2317-3, 1691f1 IAB-59%, BRGEE _TTHEXER, WHFEE mc ZEH, AIEHE
ATFHEFRERY, BEREITEREERKHS,

HFRs s P ERARBBERERERE N o ENE SR, YR GES
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RIX Bs PEFEMFHERRMAR, EyHmR107/F7, FEBZWE T Bs K HRH
WREREMH, Eit, ALENERFPARES BT REHFHREEEOFERK.
AR RFKR S FEWEFERR T AR MER AR RBGEM ARS8 Lk Bs B
- THEREEMFLE, T ARAERI-ENERFEARE, RANMREDWET
BEET AREHRX EBRRMGIERE W Culex pipiens subsp. pipiens T,

1 #RFHE

1.1 &8
ST FTH R FHRIFEERINRL. A B HRRE T3 E BB R R IR RS
BE.

F1 FE B. sphaericus B¥ER BEFOGAE LT BEW Culex pipiens BTN
Tablel Toxicities of different Bacillus sphaericus strains against

susceptible and resistant mosquito larvae

B KA BURL M C. pipiens WL C. pipiens  HHEER
iR g3 . . .
Types of (Susceptible) (Resistant) Resistance-
Serotypes  Strains )
samples LCso* * LCso LCso LCoo Ratio
Hla BS-197 FWC 1.893X1075 4.195X107° >10"1 >10"1 >5.2X103
Hla BS-197 Toxin 0.7189 pg/mL  2.4132 pg/mL
H3 1AB881 FWC 3.90X10¢ 8.860X 10~ >10"1! >10"1 >2.5X10*
H3 1AB881 Toxin 0.133 pg/mL 0.422 pg/mL
H3 LP1-G FWC 4.132X107* 1.360Xx107% 3.95X107% 9.12X107% 0.72
H3 LP1-G Toxin 25.562 pg/mL 255. 29 pg/mL
H5 2362 FWC 1.773X10°¢ 7.185X10~¢ >10"1 >10"1 >5.6X10*
H5 2362 Toxin 0. 0855 pg/mL 0. 330 pug/mL
H5 Cs-41 FWC 1.299X107%  4.845X10~5  >10"!  >10"'  >7.70X10*
H5 Cs-41 Toxin 0.0975 ug/mL  0.407 pg/mL
H48 1AB872 FWC 1.13X10°¢ 4.182X10°¢ 8.06X107% 3.28X1073 206. 7
H48 1AB872 Toxin 0.917 pg/mL 4.109 pg/mL

FWC (final whole cultures);: 2R ® ¥ ; Toxin (alkali-solubilized toxin): MR HEE;
* The results at 48hs: 48h 455 ; » * LCsoand LCy are caculated as FWC dilution and pg/mL of toxin protein:

EREBHERERANRHRANESRE

1.2 H&

1.2.1 DNA #4/E. A Bs & DNA #il1#22 B8 Delecluse %11 DNA BB i ¥ B 1] 4347 .
Southern Efl i 5 # M1 24 &2 5 B8 Maniatis %0 — A E B BT M S| H Genset (Paris,
France) & i, .PCR ¥ ¥ X W &0 TF : 95°C F3EFES5 min, 4 CA#E] min, 42°CiB X1 min,
72°C E4£2 min, 25MEF . F§ Geneclean Kit #i{b 3174y, #¥% Promega 2\ &) BEHL S| ¥ ¥7
12T & bR ie A ) & B R IR 6
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1.2.2 FEHRSHT:Bs BHRAE MBS 5554, 30 CIRIRIE I+ Z HF AR 2 51 & Ui
HRIESY, BF1 mol/L NaCl 431 h, B0, TLE /KRB K /G 0. 05 mol/L NaOH
FE30°CHH4R1 h, BUHIRZ1 mol/L HCl FMIE7E0. 1 mol/L BEERE W (pH 8.0) H1
BT R RIETE — 20 C L BRI H A9 PR B B R & B A9 M 2 K A Bradford 1%
(Bio-Rad), A4-ILTE & H A PRAER .

% HO7 B E AT BE B B R A9 SDS-PAGE 43 #7 . SDS-PAGE _E# 8 H BUE o L%

BHEBIAMBF4EE (Hybond C Super Amersham) | ,ECL Western Blotting Kit
(Amersham) #175E H RH G BEM E .41. 9 kD f151. 4 kD HEH W PLILE A FH 23628 £k
T ERIURH & .
1.2.3 EYilE. LREFFHERMPIERGTEL (Culex pipiens subsp. pipiens
Montpellier Strain) 3~4#$4%h 5 T APl € . HPHER T ER (SPHAE) 2% BiEE
Montpellier 240 E Y EF ML RE AR, HE LR ERIERREN - cERAHENT
P R T TR B R A 4 T AR B 4 X T e ol et A Y AR T B R AT LCso B LCoo
8 2 W Thiery %,

2 #R

2.1 ZREBREENRR

223628tk TR EEFMBERFIZIT. AR —AM T H3. 5 kb Hind I ]
BBl 483~1 50112 572~2 593 HMRZ MM —HERBFREI W . Kb, ERE
1/ BS-1: 5-GCT AAA TAG GCC TTT ATC CC; BS-2: 5-CCG AAA CCA TTA TAC
ATG GG, PL2 362 DNA H#i#R, i@ PCR HERY HH —%1.1 kb #§ DNA F &,
2 r*P ATP pRicHl & Bt R A BAnic#Er, AT Southern 2432,

4 BILL Co-41, TAB881, IAB872, BS-197#1 LP1-G Btk & DNA HK#EtR, KA
WP RN &ET, SR LY #E—&4E
F#1.1 kb # DNA FE (F1D.

AIE HE %A S DNA £ Hind I #1 EcoRI
B U] M 1.0~8.0 kb By DNA F B,
Southern Z4¥3ZiEBH1. 1 kb B9 4[] LP1-G  1.1kbs
#14.7 kb Hind I J C;-41, IAB881, IAB872 '
1 BS-1978#k#13.5 kb Hind 1 B Y] Bt B
A FEHE(E2) . B C,-41,.1AB881. IAB872

cdefghi1) k|

1 BS-197& ¥k #14. 2 kb EcoRI1 F B[R #E &t 1 PCR ¥ # &N
&ﬂﬁb&%ﬂ@lﬂﬁﬁo Fig. 1 Product of PCR
M: Marker; Lanes a, b: LP1-G;
2.2 EEﬁﬁ*ﬁ Lanes ¢, d: IAB881; Lanese,
EaT12% R SDS-PAGE #4777 Bs E#k f: IAB872; Lanes g, h: Cs-41;

m%%&*m%@&egﬂﬁ%ﬁﬁ, %%m Lane i; BS-197 and Lanes j, k: 2362
B3, Frh B RE R R A LRI E]51. 4 kD f141. 9 kD WH A E B . K+ LP1-G B&F
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EEHR %249 kD WEBH LK. AMmRE20
I jklmnoop 000f%F141. 9 kD f151. 4 kD FEEHHLME
e e » F R [E] B & P 2B R AT Western BRI 7432
© «® eSse O, EHTAEREBRSEMAN _TEE
EEWH . XFHAPMER LP1-G F49 kD #y
BEHEBRICFETEME, KA HRIH, fJRER—

- FE R EE SR,

2.3 RULEM
A[E Bs B #R AT BURFIHUPE R T A
FENFEL.C-41. TABSS1A IABS72Ei #k 4

&2 DNA EEYI=H# Southern 4¢3
Fig. 2 Autoradiograph of Southern blots of
DNA from different B. sphaericus strains,
digested by following restriction enzymes:
E: EcoRl; K: Kpn1 and H: Hind I
Lane a: Purified 1.1 kb DNA fragment;
Lanes b~d. IAB881; Lanes e~g: IAB872;
Lanes h~j: LP1-G; Lanes k~m: BS-197
and Lanes n~p: C;-41
R TR VBRI Bl R VRO X SRR B 4 B i R ]
2362 PR AH Y , H LCso BN 1. 299X 107°~

3. 900X 107 °F10. 0855~0. 133 pg/mL; BS- M a b ¢ d e f M
197% HBS IR T2362, LA BERMBMIRM Y 24 000 R R
LCso 43 5 47 1. 893 X 107° 10. 7189 pg/mL; 45000 . =~ =7 o e oo

LP1-G # /18K, KB 44 F0 R o 3R VR A9
LCso 4> 5l 4. 132 X 1074 1 25. 56 pg/mL,
TAB8723%t i ¥ 4h B ) 3 7 Ho X U4 LY
¥ 11K206. 7% LP1-G MMM BB M ms 1R B sphaericus B kBRI 527 e 1
HE MR HEEHRXN TR #ULF T %[ SDS-PAGE I Western EJ il 4} #7

30 000

ﬁo Fig. 3 Protein analysis of the different
B. sphaericus strains
3 Tig A: SDS-PAGE; B: Western Blotting;
M: Marker; lane a; LP1-G; Lane b: BS-197;
PCR &**ﬂ Southern ’%B‘Eiﬂfﬂﬂ » LP1-G lane c; 1AB872; lane d: IAB881; lanee:
4.7 kb Hnd 1 BV R E T E B Cs-41 and lane f; 2362

3.5 kb Hind I B R B 52362tk B R EH FHEM H RER . AR EHRBIHER MY
SDS-PAGE F1 Western E[l3E 53 4fr ik BA Fir A B AR RE ™ 42 41. 9 kD #151. 4 kD B R EH
Z ik, MTIERE Cs-41, IAB881, 1IAB872, BS-19741 LP1-G [F]2362E ki —HEH H &R E
H41.9 kD fi51. 4 kD  —cHEEH.

XU B 100 kD FIVAHE Mix EEFESF IFKE M Bs BHY, EERT
Bs AKX ELEY, FFEAYEBRAMHER. T2 Bs BT WA KANE O B RERE 7
Mtx B E. P 7e HOR B S BRI AR 35X # % & H 9 f£ 7€ . SDS-PAGE 1E B 1AB872F
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LP1-G BHBRFREFREN _cHEEXEQS, EEFLRMI00 kD BH, Western
L rth RAZEQR Z o ZRME TR B, mE2. 55, EJRA_THEEH
M #R110~120 kD W BRRRE GBI, XEEATRERER.

HF Ci-41, TAB881, BS-197f12362 & M — o H RERE, HRBGEMALL HRKF
HIEWERTERATSERNABRERFTSB S EERREBMARRE
WM. EHEEEHNPIRER, GRS EEMREE QSRS S 6 SN BUET R Bs
CRFBESERETC.EEM 232 KA EM SR EE Bs BB AT
IAB72 5T U S B HEIR, HXI PN REETRES Mux RBW  RITEST T
LP1-G — B EEAENZETFEUBTI TR B. thuringiensis subsp. israelensis FRI 5
BARE. B THE_oEZEEZTRTINER, EREFYXT HEM S Ry T E
# (ERBCRFD M EEYR E 0K T XER BB ARG EERRNEN, B
i, RATAK LP1-G EHRA 4 S BHER #1100 kD 9 Mex R B49 kD B FIEM.

il PEEHETETAT A. Delecluse f§+, V. M. Juarez-Perez ffi+-, M. M. Lecadet
B EBEERIURFEF KK ASHR RN AR RS TR, E—IFB0H.
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DETECTION OF THE BINARY TOXIN GENES OF SEVERAL
BACILLUS SPHAERICUS STRAINS AND THEIR TOXICITIES
AGAINST SUSCEPTIBLE AND RESISTANT CULEX PIPIENS

Yuan Zhiming® C. Nielsen-LeRoux® N. Pasteur®
J. F. Charles® R. Frutos®
(@ Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan 430071;
@ Bacteries Entomopathenes, Institut Pasteur, Paris France 75724;
@ Institut des Sciences de I’Evolution, Montpellier I , Montpellier, France 34095;
@ BIOTROP-IGEPAM, CIRAD, Montpellier, France 34096)

Abstract Using synthetic oligonucleotides designed on the basis of the binary toxin
gene sequence of 2362, a 1.1 kilodalton DNA fragment has been prepared as a probe to
study the toxin genes of several Bacillus sphaericus strains. The 3.5kb Hind I DNA
fragments of C;-41, IAB881, IAB872 and BS-197 as well as the 4. 7kb Hind I DNA
fragment of LP1-G are homologous to the probe. The 51.4 and 41. 9 kilodalton binary
toxin can be detected by SDS-PAGE and Western Blotting. The results of the bioassay
showed that C;-41, IAB881, BS-197 and the reference strain 2362 have a high potency
against susceptible Culex pipiens subsp. pipiens and no potency against the resistant
mosquito larvae from France (SPHRAE). IAB872 and LP1-G have medium toxicity

against the resistant larvae.

Key words Bacillus sphaericus, resistance, Culex pipiens subsp. pipiens, mosquitoci-

dal, toxicity, gene



