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Abstract
To develop the potential use as new host strain for gene cloning, the optimal conditions for transform-
ation of alkali-tolerant Bacillus sp. were examined. The Bacillus sp. YA-14 was cultured to late logarith-
mic growth phase at 37 in modified SPI medium (pH8.0) containing 0.4% MgSO,, 0.5mM CaCl,. 1 ml
of competent cell was mixed with 0.5pg of plasmid DNA and incubated with shaking at 37C for 40 min,
The transformation frequency under the optimal condition was 4.53 %107 CFU /ml /g plasmid DNA. The
presence of 3.0x10° daltons molecular weight pUB110 plasmid DNA in trasformants was confirmed by

electrophresis and stably maintained in the new host.
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< AMEEEeH, Bae 509 WS HPs £
3ttt 37TColA SRR uiFst B. subrilis MI113
Zujfd-& Kanamycin (Sug/ml)o] £ e
NY broth{0.8% nutirent broth, 0.5% yeast ex-
tract, pH 7.0) 1519 1% (v /v)EA HEslo
37C, 130rpme] J|AZRE7INA 12417 %
wWlgst 3, Wil S 47C, 10,000rpmollA 1087 9
AR FA TS A}, o]E 25% sucrose’t
FH¥ 50ml TES €8 (30 mM Tris, pH 8.
0, 0.5smM EDTA, 50mM NaCl)dl] 8err7), 0.
25M EDTA& (pH 8.0) 3%} lysozymeg (5mg
/ml TES ¢% 89, pH) & 712} 12.5m1¥ 7}
&3, 37°CYA 1557 incubationd ¥, thA
1025 SDS £ (sodium dodecyl sulfate)>} 5M
NaCl&9S Zzt 25ml¥ 7}slod, 4coA 12X)7F
k)t 9] F, 10,000rpmol A 2087 Q48
@ 8led cleared lysated 92, @iz Fo] E4E
S AAs A8, TESSE: g9o=2 ¥z
phenolg FF 71 £, YL 3t Qojxle A
%2 chloroform-isoamylalcohol (24:1) EF4o.
2 3 o] &3t ol¥HAl dojzl DNAL-
CsCI& 0,996 g /ml DNAg o] S=& slale] 4]
£ &, Hitachi RPS 40T rotor& AMg3}o 15C,
35,000 rpmellA 48A17F YAEEIE FQE F A
2] band ¥ o} bandZ 50ul micropipetteL 2
peristaltic pumpE A3t #4313, NaCls ¥
39 isopropanol2 # X} ethidium bromide
& F&312 AASNAY. o3& A TESSS4-
of thated 2477 FHAA CsClE AAT F,
ethanol 2 I AAA FAE DNAS Ac}.

2. gaNsE
Competent cell®] ZA+= Anagnostopoulos 5

o] ¥h.o WEsle L83k} L-broth(10g bac-

to-typtone, 5g yeast extract, 0.5¢ NaCl, 20%
glucose 10ml, 374 1/, pH 7.5) ¢ w3t En)
kel 8- 575 (v /v)EHA modified SPI (MSPI)4j
Aol FE3t L7] g4 7171 8|St
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Modified SPI wWjxl&= 0.2% (NH).SO, 1.4%
K,HPO,, 0.6% KH,PO,, 0.1% CHNa;0, 0.4%
MgSO, - TH.O, 0.5% glucose, 0.1% yeast ex-
tract, 0.02% casamino acid® ZA=Ee] U
pHB.00.8 =d3te ARGt o7|A Fojzl
competent cell 1mlell 0.5uge] plasmid DNAE
7Fsle] 408 AEHiY3E ¥, 0.1mlE Kanamycino]
Eo] e AR o] T@sle] 12412 v g7t F o
bt colony4=E transformant+2 stg T}

JLXVHS

719 E-L vertical slab gel& AF&31e] 40mA,
60VE 47+ E+ P3N, 0.6% agarose gel
(Takara Shuzo Co.)& AH&-3ll o, A7|9%F ¢
F8de TAE 943589 (40mM Tris, pH 7.8,
5mM sodium acetate, 1ImM EDTA) & AM-314
ot

Ao o

&2 WA Bacillus sp. YA-147} plasmid pU-
B110& ©l83td, HAABE = e SFAFTE A
£ 4= QleA 2 7FsAL AES ] 95t tran-
sformantg ¥RIsly FAA@xRAE AW HdTt.

1. Transformant2| &0l

FAAGAYH A AL transformantE <13}7)
et ARA £FFF 2 AT Bacillus sp. YA-14
2 B. subtilis MI113 (pUB110) 5l g kan-
amycin WA4-& ¥l AES A3}, S53d59 3¢,
5ug /ml o]e] oA AL AFE G,
B. subtilis M1113(pUB110)-& 75ug /ml F=ol4
UAe JeicH Table 1). Bacillus sp. YA-14
(pUB110)¢) A9 = kanamycing &8 A
g X))y FAATE colonyE Adsle, o]
transformant9} £33 9] cleared lysateE 2+zt
Azt A719%5L B§ A3 (data not shown),
transformanttje]l pUB110 plasmid’} &A1&

Table 1. Sensitivities of Bacillus sp. YA-14 and Bacillus subtilis MI113 against Kanamycin

Concentration of Kanamycin (g /ml)

Strain

0 5 10 25 50 75 100 125
Bacillus sp. YA—14 + — - — — — _ —
Bacillus sp. YA—14(pUB110) + + + + + + + _
Bacillus subtilis M1113(pUB110) + + + + + -+ - _
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2. MA|7|9| HEt

dubr o2 F-{A)7)7} v R FHATE A
o g viziga gelx JLer2W, Bacillus
sp. YA-149] A&A1710) w1 FAAES-S e
Fie=

L-brotho}d 853 wiest SuwigdS MSPIN
Aol 5% (v /v) A AF3le 37°CollA A& vl
hAA 307 ZHH 02 uj gy S et FAABLE
& 335 A3, Fig. 19A B upe} o] HFS 5
SAZ ] PR AZgo) Huld] =gt ojuf
O.D.so= 1.2(9.8%x10® CPU/ml) 3L, 2 0|4+
vjoll M FAAGEo] A3 Fhdte TS Y
elilc). olgld Ade 7] dgF4 7oA 33
Ag-go] & Sraphylococcus &9 o1\g; F2F vl
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t}. webA] Bacillus sp. YA-14= Anagnostopoul-
os 529 B. subtilis 1685 AFE3H FAAFAHNA
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Fig. 1. Competence development in MSPI me-
dium.

Werre) A Bacillus sp. o] 3AAYZA 035

3. MgS0, E=°| A&

Mgzt o] &8 N EF A9 endonucleases EAI3}
AA DNAZ} up-take®le #F & 13z §
AAPL L FoFe oz IEx glorzw,
Mgzto]@-0] Bacillus sp. YA-142] FAAFG | vl
A FFL FEI] 98t MSPIWR 24 5
MgSO,9] =& gel3te] 48-g 3t Anag-
nostopoulos$29) B. subtilis BAA[AGNA =
AZ 271 0.02% A MgSOE AH-aded,
olo] H3], & A& A= Table 204 B vle} 7+
] 0.4% 7MA F=F %o & A, =71 S
met Aae F7H8 ¥ transformantTx 43
# 2718 7B g 28y 0.5%9 A%, AdTe
7P &9k, 1 ol sRdMe AaFTt 23]
& Ashe A By o, transformant+x &
AsHA A3t

& AY dgelMe Mg HAFEE B. subtilis
PAABAEo)A Dooley 59°] Hig 5mM(0.
123%), Joenje 5'%0] B 3138t 6mM (0.148%) 5%
S} xpolg Jtehfisier. ¥¥, Hanahan $9& E.
coli BAAFLAY A AKulA]e] 10 20mM Mg?*
ole-g Artetd S W, viAES] ASde Wyt ol
AR FAAFEE Mgrto| o] EAEA & of
B} 15~208) A= S/ Rsk

4. pHe| B&
pHEe MEFH] Azt &L Fo] DNAZ A

Table 2. Effect of MgS0O, concentration on the
transformation of Bacillus sp. YA-14

MgSO, Viable No. of Transfor-
concen- cell count transformants mation
tration  (CFU /ml) (Kmr /ml) frequency
(%) (10-6)
0 2.10 x 10¢ N.D.*
0.02 2.50 X 107 3.0 0.12
0.05 5.02 x 107 2.0 x 10* 0.39
0.1 9.04 x 107 4.5 x 10° 0.49
0.2 1.81 x 108 9.0 x 10t 0.50
0.3 2.50 X 108 1.6 X 102 0.64
0.4 4.90 % 108 3.6 x 10? 0.73
0.5 5.03 x 108 3.5 x 10? 0.60
0.6 5.00 x 108 2.7 X 102 0.54
1 9.01 x 107 2.3 x 10? 0.25
2 8.32 x 107 N.D.

* N.D. ; not detectable
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Fig. 2. Effect of pH on the transformation of
Bacillus sp. YA —14. @ : Relative viability O :
Relative transformation
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Fig. 3. Effect of Ca?* concentration on the
transformation of Bacillus sp. YA—14. @ : Rel-
ative viability O : Relative transformation

6. NaCl 9| J&t

Kudo 59-& 33 NaClswr} 3¢#s|4 Ba-
cillus& v &9 sporulationg &A%ty W8}
Q3, Weinrauch 2 B. subtilis?)A€] com-
petent?] FHAEE A}7]= sporulation A3}
AL JE Ao RIS, 28Bg B T
A wix]o) NaCl %8 22 3713, NaClo] &
AMEE MR FFS AE}EY. 2 E Fig.
494 B upe} Zho] NaCle H7behA] e Aol
"8, NaCl =& Z7H1170l wet 44 2 tran-
sformant®] = F43% 7142& 190 NaCl 3=
7} 27Vl e S @ transformant9] 7k
= A U] dEx St uE FAA Y ASA )
oA 7]1913k= Aoz MY S 3t
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Sadaie $®-& B. subtilis AAZ Ago|A SPI
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3, 4% 8837 Aot R

B doMes 27148 0.5mM CaCly7F 37td
SPIujA| ¢} H7MEA] k& SPIHIR| & ARS-sle] 27
N4 71744 w98 Bacillus sp. YA-14 com-
petent cell?] 73¢9} CaCly7} H71HA & SPIy)
Aol A &7] 527174 wFs A EE CaCl7t
A7kd SPIIwixe} AH7MHA &2 SPIujx]o|
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Fig. 4. Effect of NaCl concentration on the
transformation of Bacillus sp. YA —14. @ : Rel-
ative viability O : Relative transformation

10% (v /v) SA HE3t 9087 o) gt 3
22 vw3) 1) 9%t 2z}t competent cellS
73 FEARBAES A3 AdT R transfor-
mant$E B)aEALIA T Table 394 B v}
Zro] AJ2& SPIIN 29 Aol 238 FAAS
&8 F43] gaAHeH, 2715 CaClyt 3718
MSPIs||ghe AH8-31-& 9ol 71 =& 324
82 YeRA Sadaie 599 KiL9} 2polE e}
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8. DNA A7} % ulj2t A[Zte| A&t

Yutz o2 plasmid DNAZ7} ¥ w]gAIzte] 3
AABT L AKE FFE TUL EeA Yo
kA Zke] S HES] 938l, competent cell
1mle]] 0.5ug®] plasmid DNAE 7}sled xghj s}

Wl Bacillus sp. o] §AAR=ZA 037

WA 108 2+ 8.2 AFS B transformant$E &
A% A}, plasmid pUB110& ©]-4-8F Bacillus sp.
YA-14¢] FAAGLPAM = 408 olFolA tran-
sformant®] £+ ¢ o] F7}3}A] &tk (Fig. 5).
YA o2 B. subtilis) X plasmid DNAE o3&
3089 B% uptake®rhil RIES QeH®, o]
5 Aol FE9 Apoldl o8 Ro= AU,

9. DNASZ2| H&

Plasmid DNAS] $x7t 32A8gA Ackd 9
e Mty g8l oem =, competent cell
lmle] plasmid ¥=& ©2|std Hris| £ A,
Fig. 6e1A K= niel Zro] 1ug7kx|& transforman-
te] 7t FAH o SR, 1ug o3 v =
e & Aolg Holx] ¥rh Imanaka T2
B. subtilis BAAE 4PIM competent cell 1ml

104 — 1010
L J
103 — - 10°
: ¥ ]l 2
"l ~
h' =3
2 o &
2
105 — 108
o -
- 1 L _q
) 20 40 60 80
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Fig. 5. Effect of incubation time after ad-
dition of plasmid DNA in MSPI medium. @ :
CFU/ml O : Knr/ml

Table 3. Dependence of comptence development on the transfer of late logarithmic phase cell into

MSP I medium

Medi Viable cell count No. of transformants Transformation frequency
edium (CFU /ml) (K /ml) (107%)

MSPI 5.4 x 10® 2.25 X 103 4.14

MSPI (+CaCly)* 9.8 x 108 4.45 X 103 4.53

MSPI 7.2 x 108 9.00 x 10? 0.12

— MSPII (—CaCl,)

MSPI 9.0 x 10® 1.50 x 10! 0.47

— MSPII (+CaCly)*

* MSPI and MSPII medium supplemented with 0.5mM CaCl,.
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B. subtilis 0]12]12] B2 bacillio| A= competent
cell FAAIPPEL o] 88 29, &0 HouF,
protoplast FAAGHIE2 L o]g-3sle] pUB110S
=%t o7t RarEe|A sled, B 84S com-
petent cell FFAATY M= ¥|LF &
FEATEE 4E& F AT

ot
o}

MZE Bacillus sp. 8} $FaF2A 7F48& =
A7) 918 el WA Bacillus sp. YA-14¢) 33
AFAHNZAS AEF A3 139 2348 A

FFAEILRIA

FAASR 2 0.4% MgSO,, 0.5mM CaCl7t
-8 modified SPIMA (pH 8.0)& AME-3tHL
o, 7] diF$5A719 A HAFHounh E=F
competent cell 1ml¢j plasmid DNA 0.5 g& 37}
slo] 4087 F gt Aol FAARA 7 F
grom, o]z 3 HAxAs} A FAATFE L 4.53%
10-¢ CFU /ml /ug DNA9°|It}h A79E48 e &
3tod transformant o] Bx}8 3.0x10° daltons
9] pUBI110 plasmid DNAF E¢HALS 23}
A3, 204 AUelg Tz PR e o] 25-H
Ft2NA) Bacillus sp. YA-14%= Bacilluss vl E
9] host-vector systemor M2 H£FFFE2A
ol-87ts 48 Ho Tt
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