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Table 1. Bacterial strains and plasmids used.

Relevant characteristics

B. subtilis MI113 arg-15, trpC2, hsaM, HsrM
MIL15 leuCT7, recE4d
168 trpC2
NB22 [turin+
UB24 Iturin+
YB8 Iturin+
Rlda [turin+
Plasmids
pC194 Cm"
pUBL10 Km®

1.3 75 23 FBLUGREKDNAD T
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PREPEFRI WA 5 RFEEHETHHEEL72o B._subtilish & DGEKEDNADTHE idsarkosyl
lysate® CsCl-BtBr 125 B AR LA BEE 1T & D 1T - 7o

1.4 B. subtilis OFEiRk
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Table 2. Transformation efflclency expressed as number of cmt
transformants per upug of pCl194 DNA In the treatment of varlous

catlons.

Catlons added

Concentrations of catlons

. saturatlon” 50% saturation 25% saturatlon 0.5M
Licl I 0o . 5.0x10 N.D.**
NaCl 3.0x10 1.3%10 0 N.D.
KCl 1.0x10% 4.1x10 0 N.D.
RbC1 2.3%10° 2.4x10 N.D. N.D
CsCl 1.0x10% 2.1x10 1.0x10°% N.D
MgCl, 0 N.D. N.D. 0
caCl, 0 N.D. N.D. 1.0x102
SrCly 0 N.D. N.D. 3.2x10
BaCl) 9.0x10 N.D. N.D. 1.0x10
none 0 0 0 0

s:saturation concentration was determined at 30 " C.
«9:Not determined.

Table 3. Effect of molecular weight of PEG on transformation frequency
PEG Average molecular Transformants per Transformation
weight 1 g DNA frequency
(transformants per
viable cell number)
20000 2000045000 1. 1x10% 5. 5x107°
6000 7500 2.5x10° 1.8x107°
4000 2700-3400 1.8x10" 9. 4x10°°%
2000 2000 1.2x10°% 8. 1x107°®
1000 1000 0 0
600 600 0 0
200 200 0 0




Table 4. Effect of DNA configuration on transformation efficiency
expressed as number of transformants per 1 pyg DNA In two methods

DNA This method Competent cell method Selected marke'rs
Unfractionated pCl194 5.8x10% 6.4x10° cn®
Monomerlc pCl94 8.6x10% 0 cmb
Linecar pCl94 1.2x10% 0 cm?®
Chromosomal DNA of 0 1.0x104 2 trp*
B.subtllls MIL15

0 7.4x10% © arg’
4 c +
Chromosomal DNA of 0 8.5x10 arg

B.subtllls 168

Minlmal medlum was supplemented with amino aclds (50 pg/ml each), arglinine+leucine(a), tryptophan

+leuclne (b) and tryptophan(c), respectlvely.

Table 5. Transformation of different B. subtills with plasmids pC194
and pUBTI0 In two mecthods.

Requlired This method Competent cell method
straln pC194 pUBL10 pCl94 pUBL10
B. subtllls
MILL3 1.ax10%" 1.9x102 6.4x10% 2.1x10%
(3.3x1079" " (2.5x107%) (3.2x107%)
1AM1026 2.4x10% 3.1x10° 0 0
(1.6x10™%)  (2.1x1075)
1AM1027 1.4x10° 1.8x104 0 0
(7.4x10"%) (1.0x107%)
3 2
1AML107 5.6x10 4.7%10 0 0
(71.0x107%) (5.9%1075)

s:transformation efflclency(number of transformants per pg of plasmid DNA)

se:transformation frequency(transformants per viable cells)
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A new transformation method of microorganisms with plasmid by alkali

metal ions like K* and Na®

MAKOTO SHODA AND TAKASHI ANO
Research Laboratory of Resources Utilization

Tokyo Institute of Technology

Summary
As transformation methods of microorganisms with plasmid DNA, two conven-
tional methods have been popularly used, namely a competent cell method and a
protoplast method. Bach of these has its own advantages and disadvantages. We

have isolated a bacterium, Bacillus subtilis which show a remarkable suppre-

ssive effect to phytopathogens. When we conducted the genetic analysis and
genetic manipulation of the bacterium by applying the two methods, no transfo-
rmation occurred. Then, we developed a new method which is applicable to the
bacterium by using alkali metal ions like K* and Na®.

The transformation treatment is briefly described as follows. The cells of

o

B. subtilis were cultivated in L broth at 37 ° C overnight and the culture
broth was centrifuged ,followed by washing the precipitated cells with TE bu-
ffer. One ml of the suspension was mixed with various ion solutions and shaken
at 30° C for 3 min. The solution of plasmids with different configurations
was added and the mixture was stood still for 30 min. Then, 0.1 ml of poly-
ethylene glycol (PEG)6000 solution was introduced into the mixture and gently
mixed. After heating the solution at 42° C for 5 min, quick cooling at 30 ° C
was carried out. Then, the solution was incubated at 37 ° C for 4 h for
gene expression, and 0.1 ml of solution was spread onto L agar plates conta-
ining antibiotics as a genetic marker

Among the ions tested, saturated solutions of alkali metal ions like K™ and
Na* showed a significantly high transformation frequency. The features of the
new transformation are as follows. The optimal values of temperature; 30° C,
cell concentration; 5x107 (cells/ml) and PEG;6000. The monomer and linear
plasmids were efficiently transformed, which were impossible in the methods
described above. This new method is easy to handle, safe and practical 1in

the transformation of bacteria of which competency was hard to obtain
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