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Table 1 Strains and sources
Strains . ) Main genotype Source
Bacilius cereus 83-10 Wide type Beijing Agricultural University
B, Cereus a-47 Wied type Beijing Agricultural University
B. brevis A-S Wide type Beijing Agricoltoral University
B. subtilis®0-8 Wide type Beijing Agricultural University
B. subtilis BR151 trp”, met, lys~ P. Guo Xinhua’s gift
B. subtilis IA511 lys-3, thy-A, thy-B, thy-C P. Guo Xinhua's gift
E. coli DHS a supEd4  AlacUlL69
hsdR17recAl endAl gyrAS6 Lab stock
1.2 EgFoii

Hepes #PR ] E Hind I 4 Boehringer Mannheim Ltd. 755 B3R . lmmol /L
Hepes (pH7.0); H @ HG: Immol/L Hepes, 10% 1, (pH7.0)

FXF 19924F 6 A 17 H 3,
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1.3 A%

BYXBREBRIERE N 50 pg/ml, HEEN 5 pg/ml, BHFF 4T,
1.4 EFBERERES

FEAMEFE®, LB RAREERERE, BEERENEAERPH 00 |
BREWEL.
1.5 {228

Bio-Rad Gene Pulser™, B K% H Gene Pulser,
1.6 BREHSESL
1.6.1 pBE-2 HAFIEMEEAERM, BR—FXH —HEFRREO,
1.6.2 pAMY A HZ&HHEHELEEN pBE-2 ik, AFTAR (FER).
1.6.3 BRI EHALERE,
1.7 BELABRHREREL

PSR EEEME 10ml LB BB, 37CRIHES Fi5aH8, BB, B 5ml
A8 50ml LB MR EHREBIRISORY], oK 20 40, BOWRHBEE, BHAH 1
mmol/L Hepes (pH7. 03 Bt —IK, ERH RHEFE HG % 2K, RIEREHE Iml HG B,
BED¥R 200pl, —70CITE. B—BHEK L, BN 0. 5pg pBE-2 B pAMY FTH:
DNA, B 1 A EEED 0. 2cm B iE{LKMS, &£ 1-27¢ F, 0.7-2. 5 kV, 100-1000Q
FEHETHRET 1K, M1 ml LBEFFHEER /DS REHNATETR L. ‘
1.8 HiRidHiEENE '

4y BIER 0. 2mi 2 0. 8ml B (10° CFU/mD) IB-SEEME A, SBAF% 25ml, W
R B (Hleliothis assulta), B EIR 20 KM, 6 RISWEHIEAH.
2 HEM®
2.1 FIAFEFERSEMBHTHEL '

ARE Duibnau S 77 ¥V i & A5 24T & TAS11, BR151 832 R4, AER ik
LB A PR AR R E R E 00-8, BURERME a-47, 83-10, PLREFHRITE
A-5, FFEHL pBE-2 fl pAMY 2 Hi%54k, R NFE 2. ERYUREHETHE 1AS11 1

BR151 AT LA%E4L, JLFPEF 4 R 45 B 4 fn T
B 90-8, B RFMHHE a-47,83-10 FIHFHE

FHE A-5 AR,
*2 FMRAAREZEBHTHL

Table 2 Transformation of competent cells

R BSOS
T

with plasmids pBE-2 and pAMY

(Transformants/u g DNA)

Transformation efficiency . L L on0 o L i
(X109 25 125 0] 400 500

. subtilis IA511  pBE-2 2.4 Capacitance{u F)

subtilis BR151  pBE-2 2.1 B 1 s R EA R E
. subgilis IA511  pAMY 1.5 Fig. 1

. subeilis BR151  pAMY 1.2 .

Strains - Plasmid

b

Effect of capacitance on transformation
efficiencies
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2.2 HEMNEFILECHE
YH MR, REEE, M 0. 25—500uF. BifE 1 T4, 7F 25¢ F B
FFOY IAS1] #bACEB® . W 5000 F JLEBRIH#ALTF,
2.3 BN FEI AR ELR W
mME2TH, EEREERN, BEixde o
BRABABEGEHARK, BRE 1000 8 5
HAMERS . (B 100-10000 HEEHBH
HHEALRE,
2.4 BENEFEILHRILHENTW
HENEENBFLEEEETERER
BN, B R R DA 4 AR AL 7 A L | | | | |
W DNA FRESAME mBw AR 000 00 e
SERETMEWNELT, KRR 2 HbEAT B AU S AL AR A R
. Rk A 5 Y 5 BT 5 e B /B Fig. 2 Effect of resistance on transformation
HHEE, AE3IHM, KBHHFE DH52 o & efficiencies
SkV/em HREHHAEE, BHEHE B.
subtilis TA511 B’J%ﬂ:ﬁf‘ﬁh BE 10kV/em B &, AREEEAXEFERTEZRH
R, MAEENFERTEZRBEE, WEARESHRRFR. XBHFEE—I 8K
W HLER R R, MASSATE B, subrilis IAS11 HABZE—4~/N 9 s FE Y5 I
DY 32l
2.5 BEEPHENETREMNDFILECHENE R
ATHRETFHRESBFARMAENXR, 45018 0.5, 1.0, 2.0, 3.0 HG
B arh L, hHE 4T L 0 B0 HG s B ml i R B 5.
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Fig. 3 Effect of voltage on transformation effi- B4 BESPESETREMBEL
ciencies AL AR B ’
AB. subtitis TA511,  OE. coli DH5a Fig. 4 Effect of buffer strength on transfor-

mation efficeiencies
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2.6 Jify DNA BEX B I MM 0
HEFLEARE AWM &S AMRER R EE AN DNA :ﬁ)\fﬁiﬂﬂﬁ i3
AAIHIEY DNA B R G MASMT DNA BB EH —EXRM. TRX XA
{0 F 1T H B> B 6T DNA R BB EMNE. 7E 200p! M EHHBEHE IAS11 HiF
ARl 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0ug iy DNA #1784, EERLE3. T
ULBA R DNA B SHAMERMIEL, 7 0. 5pg WEAKERR.
£3 BUDNANESHAYEHRE

Table 3 The relation between DNA concentration and transformation efficiencies

Transformation efficiency

Plasmid DNA (ug) Number of transformants
(X 10%)
0.1 2.7X10? 2T
0.2 7.2X 108 3-8
0.5 2.1% 107 4.2
1.0 3.1x108 3.1
2,0 4.8x10% 2.4
5.0 7.5X10° 1.5
10.0 1.2 X 18" 1.1

2.7 BRI/ LR IE M f B
FJE R pBE-2 (5. 8kb) F1 pAMY (%
10kb) ¥ LA AT B TAS11, B R 48 E
FHETHAREMEE, RES, HETR
B A/ RS PR AL R R K s
2.8 BIEXFHIE Gene pulser 5 Bio-
Rad Gene Pulser™#{L ¥ R ELE
18 4 K5 B B9 Gene pulser 5 Bio- 67 Y Y ATV
Rad Gene Pulser™ Mg &% T, H Voltage(kV em)
PBE 2 ¥ALAS EHE BR151, WRRBHK g5 mwskidasisibakydn
i, BB & ¥ 4% F X Bio-Red Fig. 5 Edfect of plasmid size on transformation

Pulser ™4 {%, T3 4, efficiencies
A Plasmid pRE-2 ¢5. 8kb), (O Plasmid pAMY (10kb}

T T TTT-

B O DR

(Transformants/ug DNA}
Tk

.-4
-1

¥ 4 HEAFHL Gene Pulser™ 5 Bio-Rad Gene Pulser™ # (£33 pi Lk
Table 4 Comparison of transformation effciencies of Gene Pulser™ by Tsinghua

University and Bio-Rad company

Capacitance Resister Voltage Transformation efficiencies
Gene Pulser
(uEF> (1)) (kV/cm) (Transformants/pgDNA)
Tsinghua 27 470 8. 75 6. 0:X 10°
“Tsinghua 27 476G il.0 3.4 0%
Bio-Rad 25 400 7.5 2.0 10?
Bio-Rad 25 400 10. 0 4.8 10
Bio-Rad 25 400 12. 0 ] 1. 2 X 1¢%
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29 BANEROBEHRL
Ei?q:.mﬁﬁmﬂiﬁgjg}tﬁﬂjbﬁéﬂ@ﬁ, i B. cereus a-47. B. cereus 83-10,
B. brevis A-5 AR B. subtilis 90-8, EATHAH My ik e fl , thiRxeEd & RAE k. #
Fo oL 2R FL B U A Bh #h HE BUORE pAMY #ll pBE-2 # AT M ERIE Bk (LFE 5.
5 BELERALFLUES VOV VN NN NN L S .
Table 5 Electroporation of wide type bacteria A B T

Voltage Transformation efficiency

Strains (kV/ecm)  (Transformants/pg DNA)
Bacillus cereus a-47 8.75 1.3X10¢
B. cereus 83-10 8.75 1.3xX10*

B. brevis A-5 8.75 1.2X10*
B. subtilis 90-8 8.75 8.2 10%
B. subtilis 90-8 11.0 4, 5% 10?2

[ o]

c10 RFRARARN Sl
M B. Subrilis 1A511 umwﬁm B. 8 R YET T

cereus a-47, B. cereus 83-10 §1 B. brevis A- 5 b s 0

5 %%ﬁ%%&%*ﬁ£UEmﬁﬁ’ B Fig. 6 Plasmid patterns of transformants and

ﬁfﬁ Hind O ﬂ‘ﬂ’ ME@H&%?%’L%QE’JE their Hind I restriction fragments

h pAMY %R L B0k 45 BRI AL F Y 1 Plsmids  pAMY, 2.pAMY was digested with

RH 5 pAMY k/hJ Hind E B§ ) B Bx —3F¢ Hind¥, 5.5, 7, 9. Plasmi'és from transformants of B.

CRE 63, WO SFFLRL R R R G, < P10 & coms 4T, B breis A5, and B

2.1 ﬁﬁi%iﬁﬁmu.ﬁt ::' B, L'L’;"t:#-f 8'3-;{),’ JE; c;re:s a-47, B.mbr:vis A-5 and

B. cereus a-47 % & ;ﬁ- ¥§ 'ﬂﬁ ﬁg ﬁ H’i’ B. subtilis IA 511. were digested with Hind 1

E. coli THEW R ZEFHEEQERB KX .

FitFB, B. cereus a-47 #ALTF (1), (2) BAR B. cereus 83-10 ¥4 pAMY fies

FHEABANELT. AR 6 THHLTFHBETEHEAERER, e RENBRES

90—100%,

HHind 1 4038

*6 TRRCTFHEFROBRIERD

Table 6 Teoxicity of diffirent transformants to tobacco hormwrm

oL Concentration Mortality after six days
Strains .

(bacteria/ml) (%)
Distilled water 0.0 5.0
Bacillus cereus a-47 0.0 ) 5.0
B. rereus a-47 transformant (1) 8X10° . 90.0
B. cereus a-47 transrformant (2) . 8X1o0® 95.0
B. cereus 83-10 transformant (2) 8% 108 40. 0
E. coli TH 48 8x 108 60. 0
B. cereus a-47 ) 3.2x10¢% 10. 0
B. cereus a-47 transformant (1) 3.2x10° 95.0
B. rereus a-47 transformant (2) 3. 2x 108 100. 0
B. cereux 83-10 transformant 3.2x 108 90. 0
E. coli TH 48 . 3. 2% 10°¢ 80. 0
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Transfer of Shuttle Vector Containing Bacillus
thuringiensis Toxingene into Wild Type B. cereus,
B. brevis and B. subtilis by Electroporation

Sun Liangwu Liang Pingyan Tian Yingchuan Mang Kegiang
{Inseitute of Microbivlogy. Academia Sinica, Reifimg 100G80})
Ba Feng Ji Pingsheng Mei Ruhong

(Institute of Plant Ecolugical Engineering, Beijing Agrieulrural University, Beijing 100094)

Abstract  Electroporation is one of the most effective methods for transferring DNA into cells. The
technique is fast, simple and appears to be applicable to a wide rang of bacterial species praviously
thought untransformable. We have successfully intreduced shuttle vector containing B. thuriﬁgiens:’s
Toxin gene inta wild type B. cereus, B. brewvis and B. subrilis by electroparation. The transformation
efficiency was determined by co;mting the number of neomycin and ampicillin resistant colonies. The ef-
ficiencies for these bacteria were around 10'—10' transformants per ug DNA. The structure of the
transferred plasmid was unaffected by electroporation based on the size and restriction digestion pattern
of the plasmid isolated from the transformants. Toxicity assays showed that the transiormants gave 2
mortality of 90—100% against caterpillar of Heliothis assulta, indicating that the gene function was nat
changed by electropotation.

Key words  Electroporation, wild type species of B. cereus, B. brevis, B. thuringiensis toxingene
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