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AEEFHRAREEEEER PCR&EN

FHEL? EAE' Andrup P Eilenberg J* B X7
(‘hEBERERNAETFRS KD 430071)
ChILKFEMEEREEATRE M 510275)
CHEELTLLEEWRR TAEHR)
(REEHBERMALAFE FHEEHE)

W E.XAZESYPCRHET TS KNI =S FHITH .2 kS RFRITEA 2 k=B FR
FHAEOEBLBERTH -SERANER, EREBWH IS U T ZSHFHRTHIELER
AOIARE , 91.1% & beeT BH,03.3% F oS EFH, HRAHBLEEERRY AN A
TECRA I RPLA#IGT A AWK BER TN EIRENE, RESF & F EFENHEER
FRREHE S AR AT EEEEE, B MAZBEPCRENGERAERHAF, BY
DBT007 71 T24 001 58 holA X H B TECRAHBRIN A GHREE DI BEHRFTEE
FEXE BH TECRAHRU B BMHEBREN ., F 5 &F WITH BDT248 #0 5k £ 3 A AT 8
FAEhEBEEEEAGEE., FREZVEARERER A TNTENZ L HEFE - SHR,
XA FELTFRAE, BRTEFE, REFHREFR, BER, /1

P SHE Q785 XWARIEAS A XS 0001-6209 (2001) 02-0148-07

7= & F AT B (Bacillus thuringiensis , R BOOH THW EHEFRNSREERE
AmEIAMNTIEZEMXE., BERNCRAHEEFERE KM ERE UGB EET UL =
BER,.BEFRE(Cry) , FHANE R (Cyt) # VIP B K (Vegetative Insciticidal Protein) , iX
WERNALBE AR EREATRBAMHRE, SHEE . ZE0.JLTEBANBRAER
HEEANY BFERRAEH TN ER, BMNERAN S FRAEL AT T
{B. thuringiensis subsp. israelensis )3 WA B R B A A BEHEUR, RE Z B B X788
H.5AA EBA . FHABAERERAEAREE, AT HEE X4, FEIHPERR
HERAEE, DRSS RFOEAF RS, TRLBIERNYENHR YRR E
MEYREN  EEHEFLANGESHEPEAETEENHTEEM.

Bt [F % [ 2 MAF B (B . cereus T #K Be) R F R W (B. anthracis ) IR AR ZF
B (B. mycoides) IR FHRAHBERERTHEA, FRMNKRFHUNHESHFIENES
B DNA RRHED, B A EF T ER N X IR ETF B AFRBR IV HES 4
MTFHEEIBES R, ME Bt AR B EARMES T LA A R TR E K
¥ 4b % Be, A1 Be LT LA iE 1 DNA BUKFEH#BEB R RN ML R B, BR
HARFESFERAXHAMMEBE DNAKE L EHEMEH H-THILARARNS

EEMN - BEH93 -, B B EAA PRANERENFEWRNAFRA, WL ,1904 0 1999 4 @ HA
ERTESEFRE.HREFEIREMEY.
i M B # :2000-04-12, # & B 8 : 2000-09-29
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SHYHBERMRE, S — I ETEAREMNEAYEASRELRERES . D2IiEH—
¥ B cerens EFHARY T HENBMY, RAFNLGSHRE HRHBEARIEHE
ERMOWH AEER Be 3 ROAHREERYFHERDE N, QEx MG EEE
BEHAENSEEQHT TIFHAMR. HPE M % K BL(hemolysin BL) Ed — T4
A B(37.5kD)FIMA-HE M T E L1(38.2kD)#1 L2(43.5kD) 8 g, Bn B =4 T E & £
HarmmpmmiEtERemmnt . BEZ T(Enterctoxin T) BB % — WHA K, Hbl L
FAHHEDP, 35 Asano 33 M B. cereus B-dac, PIEER ent FM BT T4 . HER
HEFBOBHEMRED . BEANM —R b =T £ 8RR T % E (Nhe) B 8 H#
HTHR,IHEH =V EARSWAEERET R Hb EFR&@Mp el

HF Bt Be MBI BGHERR Bt EL OB EREI AMNEYN, MAFHKHLE
HEB EW®P  BE - EHEENANERPT Z28F AR T HER K GHEY
EUHNEESEWH B MM EABLIBRFEFE SR THBERFERSST ) B &
EEE B RMNGORRMHEHEREFREFAEXGAMEC, AT B EHR L
FEAETHRREMAER G AGBEN R, U R TR DNA, B3| B HiS A%
FHEEBEONAKTE B 1 Bc RMBHATEE B UL 2N HTH - HiEh.

BEFEF,KRANI HMEES ) PCR 3 45 #& Br.2 #h Be M1 2 SRR F AT H
(B.sphaericus , B FF Bs)#AT T hbIA bee TH eSS HEHEEEEHRN, R HM#HE
BELARERERNMENAEEKNBHEESEHATTUE, N Bt EEN T 2 ITFEL
TEMBEENERTE.

1 A HFe &
1.1 ##%

% B % M8 HF B ( Bacillus cereus )F4433/73 1 ATCC3309% B 2 5 A TH B R ER
HEBERENAHENEEY BE&, FETAEESHRLBEARF KRN
& (B. thuringiensis YMIBRIE ZFERIT B (B . sphaerices ) AR FE S LE 1,

¥1 Bacillus sp. FIEEREBARAER

Table 1 Derection of enterotoxin and enterotoxin genes in Baciflus species

Presence of enterotoxin gene as determined by

Serotypes Subsp. Strains Resources PCR Oxoid

hbiA'  beeT*  emS'  BECT-RPLA Teers”

1 thuringiensis HD-2 UsDA + + + 2048 4
2 finitimus HD-3 USDA + - + 2048 4
3aa3c alestt HD-4 USDA + + + 1024 4
3a3b3c kustaki HD-1 USDA + + + 512 4
HD-73 USDA + + + >2048 4

DET696 KVL + + + 64 4

DBT698 KVL + + + 128 3

LBT155 KVL + + + 256 4

TBTOO1 Ciba + + + P 3

TBTOO7 Novo + + + 256 4

TBTOO08 Zeneca + + + 256 4

TBTO61 Abbort + + + 512 4
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150 i 23 o # # 41 %

%r1

TRT0OS6 Abbott + + + 512 3
4adb sotto HD-7 USDA + + 512 4
4ade kenyae HI>-551 UsbA + + + 512 4
5a5b galleria HD-224 UshA + + + 2048 3
Sasc candensis T05A03 USDA + - + - + - 512 4
6 entomocidus HD-9 UsSDA + + + >2048 4
7 atrawai HD-11 usbDA + + + 512 3
HD-127 UshA + + + 128 3
Z113 WHIOV + + + 256 4
TBTOO0S Novo + + + 128 3
TBTO62 Abbott + + + 128 3
LBT161 KVL + + + 128 3
RaBb nrorrisoni HD-12 UshA + + + 1024 5
BaBc ostriniae HD-51 USDA + + + 256 4
DBT7 KVL + + + 0 2
9 tolworthi HD-537 USDA + + + 256 3
10a10b darmstadiensis HD-146 USDA + + + 256 4
11al1b toumancffi HD-201 USDA + + + 256 4
12 thom psont HD-542 USDA + + + 1024 4
14 israelensis HD-567 USDA + + + 16 5
TBT002 Sumimit e + + 4 4
LBT97 KVL + + - 128 4
TBT063 Abbott + + + 8 4
15 dakota HD-932 USDA + + + 1024 3
16 indiana HD-521 Usha + + + 256 4
17 tohkuensid HD-866 USDhA + + + 256 4
18 kumamaotoensis HD-867 USDA + + + 256 3
19 tochigiensis HD-868 USDA + + + 1024 5
22 shandongiensis HD-1012 USDA + + + 256 4
23 Jjapanensis T23001 USDA + + + 1024 5
24 nenleonensis T24001 UshA + + + >2048 2
45 roskildiensis Dmu3d KVL - 0 3
No denomination DBT248 KVL - - - 1] 1
B. sphaericus CIP5125 IP - - - i} 1
2362 1P - - - 0 1
B. cereus 4433/73 AMI + + + 256 4
ATCC AMI + + + 0 2

33018

IP: Institute Pasteur, France, KVL: Royal Veterinary and Agricultural University, Denmark; AMI; National Institute o
Occupational Health, Denmark; WHIQV : Wuhan Institute o Virology, Acedemia Sinica, China.
1. PCR was done with hblA specific primers{hbll and hbl2,or hbi3 and hbld4) , + :positive, — : negative;
2. PCR was done with becT specific primers{becT3 and becT4), + :positive, — :negative;
3. PCR was done with entS primers, + :more than 2 desired bands were detected; — ,no desired band was detected.

4,5. The numbers refer to the strength of the immunocassay reaction according to the manu facturer’ s instructions.
1.2 DNA K

EHE AR Btk 7L LB B3R & b 30°C 18 R 5 9% 2 M (200r/min) , B0 HCHR 2mL BF 3R
B9 # 4% (80001 /min, 10min,20C ), R E B IE £ 100ul. & 2mg/mL R E MM TE R #F,
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37C 4 # 30min J5 , T WA 20pl. RNase(20ug/mL)7E 50T &4 B 15min BARES RNA. M
A 30uL 10%SDS R4 BB P ,70C L HL 30min, FEARX S HRE  AHEZR,#1T
B —S AR AT REYE DNA, FTREE 1001 TE ZMRFREEM.
1.3 PCR &##f

BATFPCREMMIFREELDER rolABHEER T(beeT)M entS ERFI W ERMIE L X
M-HEBEEREENBETRFFIRIT , AR SAPCRIMWIFF SIB HitT A&
MAPNMEXEE XML E 2, BdHFELEHERE PCR I H &M, WHEEIR DNA,
3| ¥ MeCl, % B & DNA EHMEMEF F. PCR KM A& :95C EE 10min F#H 7T
30 B, £ 95T EM 1min, 35T ¥ Imin 7 72C E M 3min, G E 72C E MW
10min, 7£ 1% BAs 48 8 B #1T PCR =980T, o FR A B~ ML E PCR 5| P#17H
ER R R,

%2 HEXREERNNEENPCRSY

Table 2 PCR primers used or detection o enterotoxin genes in Bacillus species

Primer Sequence Nucleotides Product size/bp References

Hbl1 5 GCTAATGTAGTTTCACCTGTAGCAAC 121-146 874 [14]
Hb1 2 5 _AATCATGCCACTGCGTGGACATATAA 069.004

Hbl3 5’ -ACGAACAATGGAGATACGGC 169-188 1018 [15]
Hbl4 5 -ATTTTTGTGGAGTAACAGTTTCTAC 1162-1186

BecT1 5 -GAATTCCTAAACTTGCACCATCTCG 2208-2232 646 [14]
BecT2 5 -.CTGCGTAATCGTGAATGTAGTCAAT 2208-2232

BecT3 5 TTACATTACCAGGACGTGCTT 1354-1374 428 [15]
BecT4 5 - TGTTTGTGATTGTAATTCAGG 1761-1781

TY123 5 -GGTTTAGCAGCAGCTTCTGTAGCTGGGG 19-46 271 [9]
TY124 5 .CTTGTCCAACTACTTGTAGCACTTGGCC 262-289

TY123 5 -GGTTTAGCAGCAGCTTCTGTAGCTGGGG 19-46 581 [9]
TY125 5§ -GTTTCGTTAGATACAGCAGAACCACC 574-599

TY123 5 -GGTTTAGCAGCAGCTTCTGTAGCTGGGG 19-46 857 (9]
TY126 5 -GTAACGTTATTGTTATTGTTATTGTTAACG B46-875

TY123 5 -GGTTTAGCAGCAGCTTCTGTAGCTGGGG 19-46 1222 [9]
TY127 5 -CAGAACTAATACGTACACCAGTTGCATCTG 1211-1240

1.4 BFRRAERAE

FAEmRRENSERFRFERE R SR ERLA & (BCET-RPLA Oxoid, Unipath
Ltd. ,Basingstoke, England) 1 TECRA VIA(Bioenterprises Pty, Australia) % B 7 B #k B9 B
EXEQ#TTEHEHEMNE, PIEFRALERE LBEFEPEBREFRIEE (30T ,2000/
min), B 1% EFXIFHY LBEFEF , ERERETHERF 12~ 14h. HL
(8000r/min, 7Tmin) R A WM&, LBEBREBABRO2O LB EEEATHERNREM,
BERAOBAMGERVEEABENCRBEBRAANEET"T REERAFET EHET,

2 %R

EMAPCRALHT RAWARLR BL 2% 7 514 (hbll-hbl2 F hbll-hbi4),
A M AR 4> Be 85 Bk A1 FH % BcF4433/73 Mtk 5> 5 4718 it 874bp A1 1018bp MR Rt b
B Bt Mtk PO BLEEKNEERHEFER 05.6%. RAGBERTEERERMET Y
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152 o4& #B ¥ #® 41 %

beeT3-beeT4, AT M FRE#R I e 407bp BB ER TEE W, Bt B HE bee TEHEB
FHMER 3k 91.1% ;50 4 AR MM entS 5140, 40 5177 LA M K #84r Be & #k 1 PH ¥ Be
Bk AL P 4 KA F RS9 M 261,581,857 #11,220bp %% R DNA A i, H7E
L166 # HD573 E#kh R e M & 261,581 1 1220bp = 4%, % 1.97,DBT696, DBT698
A PS5O B #k A R R R A /N B 4 DNA #, i 1, 7 DBT007,Dmu39,DBT248
HMB BHEEHEEREAFK B Bk F , ARNASFEMNFOLEBLBEEETER A
A entSH B3 ¥ TY123 #1 TY126, AT A Bs BBk I3 1 — & 4 550bp # K 7, {2 DNA
AUTe ) A =0, %A WA Be — R BEM R E 9 & B (D50303) RA R KR FE#, W
AentSERLFEBEE, ETHEB HKPEHEERLEAFE(AXER). F#HFXRHEA
HELHPCRIYBITUBSEHANBERERWVWPCRELER,

: 12345678910111213141516 17181920212223242526272829303132M

T - - - - - o s s
- - -

-
- — . —— e -

Bl #E&FHBHEREERLN PCR I M A

Fig.1 PCR amplification patterns to Bacillus thuringensis
LaneM: 100bp maker;1:HD-2;2: HD-3;3: HD-1:4: HD-73; 5: TRT001; 6: TBT061 37:1L155;8: HD-7:9: HD-551; 10:
HD-224:11:HD-11;12: TBT005; 13: TBT007; 14 : TBT060;15:L161;16:2113;17: HD-12; 18: HD-537; 19: HD-542;
20:HD-567;21: TBT002;22:1.97;23:Dmu39;24 : DBT7;25: DBT696;26: H18,27: DBT698328: P59;29: DBT248;30:
DBT230;31:ATCC33018 and 32:F4433/73.
Enterotoxin gene fragments amplified using Primers Mixture B composed of Ty123,TY124,TY125,TY126 and TY127.

KA FE S I X P & (TECRAY R RPLAME AR M EERN B ER
Eh L ERNE2, TECRAVEFRARR o B MBS EMEE B ERNBERIAER
R (4 YL 1) ,DBT7,DBT248, T24001,Bs # # 1 BcATCC33018 AR M (/M F 3): A
RPLA RF SR AP Bt EANBERREN 1282048, MoK W B ERREE
* F 2048, I HD-73, HD-9 # T24001 ¥ #% %, {6 BtTBT248, DBT7, TBT09,
BeATCC33018 #I Bs bk B R BE N O KHE LA THE LML N B AKNGE
P HE2%, i TBT001, TBT002 # TBTO61 % .

3 Wit

FEAEMPCR &MT, AWANF A hblA EET 44 517 LA KE 5 B & #
Be AT BEHR D5 HE 874bp M 1018bp B AN BN EER W :; ABERER
T( beeT )55 7 #5147 (bceT3-BeeT4) , AT # 3 i) 407bp i DNA H B ; AR ENHETER
TRHES Y becTl F bec T2, MAEMNBRTI AP P E 8 WEE F ¥, X R Manoty-
nen # Lindstrom BIPF S5 R AR, AN XA W R EMN beeT RA B B. cereus B-dac

BN MELCHAERUERFTRBAH beeT EE,UEH becT1 M beeT2
FEFRAHBERXEARAHERES P, TARFE B R FE % Be Wbk H Y ¥
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th,261,581,857 1 1,222bp ¥ entS EE A B, {H# TBT079,DBT7, DBT696, DBT698,
P59 #1 DBT230 MEAKPMR L 1 -2 BB ENT HANEBEAKFNEEREEF
entS EEAFE2MFA, 7£ BDBT248 M+, BAR M YR RrEN 2 HERRZE
FOEER, FAXFASESIYPCRAFTLUIBEARX MM ENEEFH,EX
e , WL F Bacilius BtkBERZEARR

P B BRFAMRENERAEE ERTARFRITEBEZNRN EXR
MR ARAEZARBHENEEHEZRANESPFHRMLESFRAGERF AR £
FLE,H TECRA R 5] Nhe ZEE 40 #1 41kD JEH B ;M RPLARBIBEMEBL &
AP I2ENBREEOTR, FURYE TBTOTY Bl RS hAZBRM bec TER,
i TECRAGNEZN ZEKBOT RN HBERE, VA EZEBERPATHEREEAT
A ERMEEEE. EFDBT? HRP RETRM L A0lA T becT EE B 558 W
RABHEATEHER, TEZAKNEERERRZZARZEEHR, HdaFHEM
RBLEAYT ASHEHAFIMNERFTAERAE D L2 B RMER, H
RPLA &M T24 001 EHHHE KB E X T 2048,H TETRA RF EHBWA LB E
EE, REHERERKEEEENEORBL N AFARROEBER.

TRERXHAELEXH B BRI BEEIAREANHEEREE, K GEME

hEHAB AKRNERELEERBETERBENBER. Bt Bt BBEO KRB HAFE
B AMBESHPNELUERSEH—SHF. EAMAELER Bt 3 EH R
MIERBE, XTEEET: Bt BEREA B REEEERFINER FHEBER
E;2)Bt FMAREANBEIYHNNGATEER L RESRMHEX;3) &4 Bt
EHIENBREMEEIEREREIRRN Be, XIFL, FATMEKF I Bc @B
SRS 2k Bt BH (B. M. Hansen T ABi), B FRAAFRRAKEALER
BFRARAEEARFRTAEFPHRSEERE, HNT Bt CHMEENEREE. BHE
WESEMB AFRANAPNERAASBERERA=HEREMNW Bt Bk, . RB D
AR FEYEHARNE B ERTHEERER WEHFRDELHW Bt TEE .

PCR#& M 720 TBT248 A& hblA becT Ml entS EHEBEERA MEARTLE B
EEH. EZFEEMN AR EERE, TUEIREEBNAR T FEYERARB X
HHRERREEWET R E2M Bt R AEK.

8 2 x W
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DETECTION OF ENTEROTOXIN GENES IN BACILLUS
THURINGIENSIS BY PCR

Yuan Zhiming''? Cai Quanxin' Andrup L Eilenberg J* Pang Yi*
(" Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan 430071, Ching)
(* The State Key Lab . For Biogontrol Zhongshan University , Guangzhou 510275, China)

(* National Institute of Occupational Health , Copenhagen , Denmark }
{* The Royal Veterinary and Agricultural University, Copenhagen , Denmark)

Abstract: The presence of hemolysin HblA{ A/A), enterotoxin BeeT ( e T) and enterotoxin S
( entS)genes from 45 strains of B. thuringiensis 4 strains of B . cereus and B . sphaericus have been
detected respectively by multiple PCR. The results showed that 95.6% B. thuringiensis strains con-
tain the B component of hblA gene,91.1% and 93.3% of them contain beeT and entS genes se-
quences respectively. The enterotoxin productions in all strains have also been analysis using two
commercial immunoassay kits{ TECRA and RPLA}and it has proved that most of B. thuringiensis
stains and the positive B. cereus strain can produce entero toxins during their growth. However, the
two hblA sequence positive stains, DBT007 was negative when tested both by RPLA and Tecra, T24
001 was negative when assayed by Tecra and positive by RPLA. One hblA sequence negative strain
Dmu39 was negative when tested by RPLA but positive by Tecra. No enterotoxin and enterotoxin
gene could be detected in B. thuringiensis DBT248 and the B. sphaericus strains. The results sug-
gest that the potential risk of using B. thuringiensis ,as biopesticide needs to be further evaluated.

Key words: Bacillus thuringiensis, B. cereus, B.sphaericus, Enterotoxin, PCR, Immunoassay.
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