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To develop the potential use as new host strain for gene cloning, alkaline-tolerant isolates from soil were
examined for amylase activity, protease activity, antimicrobial activity and transformability by using plasmid
pUB 110. Of these strains, one was selected and identified as Baciflus sp. YA-14. In the enzymatic properties
of Bacillus sp. YA-14 the optimal conditions for the reaction of amylase and protease were at pH 8.0 and pH 7.5
respectively. The antimicrobial activity of Bacillus sp. YA-14 was also found. For the transformation, Bacillus
sp. YA-14 was cultured to late logarithmic growth phase at 37°C in modified SP1 medium {pH 8.0) containing
0.4% MgSOy4. The presence of pUB 110 plasmid DNA in transformants was confirmed by electrophoresis and
stably maintained in the new host.

Bacillus % vl 4 &2 oz FF9 AE9 545 o}& 53 3= plasmid pUB 110& =3l A A
+eldte] FAEH o LA AEFEHE FF A #4172 = JeAE HESEE Bacillus% 2] host
Ase Aoz A defA YokiN B3] o] So] A -vector AlolA Mz g HFFFAe o] §hEAl
At B4t FR7F dstn FFel weh 59 & AT
4, sy, T4 Sol S4¢ Ade o MR 3 b
AlHoz e o HAE Ax Ha gheper,
uheba] AAbA gabg 3 F5o ko] W elAl ZFe 22 ¥ 3
el o g Sl FES] AP sl g TFEe v ARG EFE A ek gl o

Zefolle FAANZEE ZIgol MeEo] o 3 e colonyE Elstgich ARgwiAE )&l
off 217t FFd e MY B FHYIEA AT | . nutrient agar® %712 {(pH 10.0)2 =A3}
Be 4#s AFD Yokt olAAE FAANZE o Agsgon, ol FRE Adveete w
ﬂ 7oA SFFF8 Escherichia coli & Tol Z3tuia AR ALgshgdch

23tgdl o} secretion A % 5‘4"?‘7‘“ 7 % B2 F 39 amylase 842 1% soluble starch
s,]_n_ a0 2 2of LS-of H g 2 4 Bacillus 7} -5 v Aol A wioksl colony 91ell Lugol ¥ &
&5 o] fdle FEEAHE AR v‘i‘ RS R Holrea] A7 clear zone o & ZA}3LY) 3L, protea-
A=zt AP =l AD}“""’. se 4L 10% skim milkst H7bml wix]ol el

Eckoz ¥ drle]ul4d n|AE clear zone2 2 =Alsbgich dF e ZAE pa-

Key words:Transformation, amylase, protase
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< AFg3 ok

ReFFe e FelH o A S A
2AEu]7 A3 58 J|22 Flo] Bergey’ s Manual
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o 2] 2 A}-&383) 7 amylase A 4b-E A= FHF
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ok (130 rpm) stgch AAAIZ wHekg F owfFH &
6, 000 rpmoll A 10%-7F FAlE2]ste] FAlE AAH 3
AAF A5AE 2qg40e 2 ARE3H

Tae| AIEH

Amylase & 7} Fuwao] W& Al8-3sle] &34
slgl 2w, protease o 7}+= Hagihara 52 &= "%
& AlE3led ZAsgdch

Plasmid 22| ¥ Hx|

E Aol A7 plasmidv B. subtilis MI 113
o] Eoll+ pUB 110 (Km"™) & AF&3t1lew] plas-
mid ¥ 2= Guerry 59 94"'¢ A ¥ sle] AL831
et

HAME

Competent cell®] ZAH+ Anagnostopoulos % £
wly (N.g w3 3le] Algstgdct L-brotholl A whok
gl Fujokedg 5% (v/v) =l Al MgSO, &8 0.4%
2 EolFE SPIulA]!® (modified SPIw|x])ol] A F
sl R FFA AR A st 714
Qo] A competent cell 1 mlol 0.5 g2l plasmid D-
NAE 7}sted 130 rpmoll A 40-27F At <Fit F
0.1ml & kanamycino] Eoi 3l AlHuizlo] =
sled 124171 w9k F vleld colony &
skl ot

trans -

formant -2

¥oro g ME odyte] =735} (pH 10.0) ol AR5}
= ulAES 216F Balsle] a4 o SFHE
2218 A3 28 4L FAl Ze 125FF 2
3l3 7}zbel] plasmid pUB 1108 |23 3 A= sk
Ae 9 A3 FelEFFT YA-147F FAuEs
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Fig. 1. Transmission electron micrograph of thin

section of Bacillus sp. YA-14.

The thin section preparation stained with uradyl
acetate and lead citrate.

llus & o2 Z2Asdch AxRAe|7d Baboa Ez}
= gdgdez AEW Fodo HAstn Ao o
o] A Z7} swelling 512 %+ ez Aiso](Fig
1), Bacillus %-2] tHE Al w]AE<Ql Bacillus su-
btilis &+ FAHE EAR S el o2 g B osubtilis
MI113 & d&2H o2 *]’%01""1 Az 5A4g v

s A¥sledct, = A3} Table 1 3 Table 2 oA
¥ uls} o] % FFVE AR AEd 542

Table 1. Physiological characteristics.

Isolated Bacillus

bacteria  subtilis

MI113
Hydrolysis of gelatin + +
Hydrolysis of starch + +
Hydrolysis of casein + +
Catalase test + +
Alkali on citrate salt agar + +
Reduction nitrate to nitrite + +
Indol formation + +
Voges-Proskauer test + +
Egg yolk reaction — —
Hemolysis — —
Growth in 5% NaCl + +
7% NaCl + +
0.001% lysozyme - —
Sabouraud dex- + n

trose broth

-+ ; positive, — ; negative.
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Table 2. Carbohydrate utilization.

Carbohydrate Isolated bacteria sul:;licliilslu:/ll 113
Arabinose —+ +
Dextrin + +
Fructose + +
Galactose -+ -+
Glucose + +
Inositol + +
Lactose — —
Maltose + +
Mannitol + +
Rhamnose — —
Starch + +
Sucrose -+ +
Xylose + +
+; utilized, —; not utilized.

A Aoz AR 22 colony 2] e
A LR FFE 6412 FHE AR Y colo-
nys ¥Ascirt 12417k o]l Feofly HAK o] i3}
A FA FEA e YAske & AF A B
subtilis 2] colony Je) gt Aol AT 4+ 3
et (Fig. 2). el4e FAHAY AgEF Sl A=t
Bacillus sp. YA-145 57 =d=dslgich

TFe Eelasty M3

O M=ol o|x|= pHE A&

A52 4 pHel dote] 4§ 2 st WAL
ZAESt7] f1she] ztzte] pHE z=4E  BNBw |
(0. 1M phosphate buffered nutrient broth)el] 3}

18] o

Fig. 2. Morphological characteristics of Bacillus
sp. YA-14(A, B) and Bacillus subtilis MI 113
(C, D).

A, C; incubated for 12 hrs.
B, D; incubated for 24 hrs.
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Fig. 3. Effect of pH on growth of Bacillus sp.
YA-14(A) and Bacillus subtilis M1 113 (B).

a; pH7.0, b; pH7.5, ¢; pH 10.0,
d; pH10.3, e; pH10.5, f; pH11.0

ul v ok%t Bacillus sp. YA-149} B. subtilis MI
113 Fwlokd& 27 0.05% (v/v) & 0. 1% (v/v) =l
A AFY & FMAYSL(OD,,) S =243 A} Ba-
cillus sp. YA-14¥& <7t pH 7. 5) o4 2§ & o)
7}A $£9k7m B. subtilis MI 1132 pH 7. 5004 2=
22 BT 9A|zbte] A7) =Ebsdch (Fig.3).
gt A w| A Eoll B3I AT 19223 Meek
T M3 E Aoz Af Eukelnst ERm 9
ZHolo] H#Ax Bislo] glor] £3 Kushner
5098 pH 10. 3712 A 83} B. cereus =, Chislett

So pH 10. 87t = AW LR-3t= B.circulans S B

o]

2lstol bty AFoz FelF vb glch £ A
o] Axtoll A Bacillus sp. YA-14+= A&7 pH
100 }—
o
L
X
=
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z 60t
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4
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0 N s y 1 ' i 1
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Fig. 4. Effect of pH on amylase activity.

® ; Bacillus sp. YA-14
O ; Bacillus subtilis MI 113
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Fig. 5. Effect of pH on protease activity.

® ; Bacillus sp. YA-14
O ; Bacillus subtilis MI 113

Kor.J. Appl. Microbiol. Bioeng.

Fig. 6. Antimicrobial activity of Bacillus sp.
YA-14(a, b) and Bacillus subtilis M1113 (¢, d).

a, ¢; incubated for 6 hrs.

b, d; incubated for 12 hrs.

* Indicator strain

A; Bacillus subtilis ATCC 6633
B; Sarcina lutea ATCC 9341.

Ao B B. subtilis ATCC 66333 Sarcina lutea
ATCC 9341 ~H83t18 749, Bacillus sp. YA-
14ubel a2 vepigd el (Fig. 6).

Hazet

g4 AEG wpel Zo} Bacillus sp. YA-14+ B.
subtiliso} Balstely AQale] b kst A
Folglorz o F37} plasmid pUB 1108 S5 F
Fz A2" = Jdex 2 7ls4dE AES) A3
of HyAAY AYE Y3t

@D MUBAZ|IS S

L-brothollA] 3F&xt @l ekgt Fuhok g MSPIw
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BlwiA 30+ Ao wigkal g Heled HAAZ
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Fig. 7. Competence development in MSPI medium.

e ; O.D.
O ; Km"/m!
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Table 3. Effect of MgSO, concentration on the

transformation of Bacillus sp. YA-14.

MgS O, No. of No. of Transformation
concentra- viable cell transformants  frequency
tion (%) (CFU/ml) (XKm"/m!) (1079

0 2.10x10° N.DX*

0.02 2.50%10° 3.0 0.12

0.05 5.02X107 2.0x10" 0.39

0.1 9.04x107 4.5X10" 0.49

0.2 1.81x10° 9.0x10° 0.50

0.3 2.50% 10 1.6x10° 0.64

0.4 4.90x10° 3.6X10* 0.73

0.5 5.03x10* 3.5X10° 0.69

0.6 5.00x10* 2.7X10* 0.54

1 9.01x107 2.3x10° 0.25

2 8.32%107 N.D.

*N. D. ; not detectable.

F & 547kuke] A Zo|4 competent 7} & i ol
E sl

@ MgSo, =Eo| A&

Mgt ol 2 Al ZHF 9 endonucleased 43t
A}#] DNAZ} uptake He 43 x5 FAA
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@ pHS Y&
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@ Transformant2| %ol
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< vl 2Ag A, 558 L83 JFF< Be-
cillus sp. YA-14& 5 pg/miollA Y& & et
Wl e}, transformant+ 100 ug/miolA = WAL
X 9l o9 transformant Wol pUB 110 plasmid7} &
AEg-g "4 5E B3 Fddddh(Fig. 8). =3t
o] transformant{ 2041ef 7+ Al vl ok &l ol = pl-
asmid7} LA BA FA = FAWALPL 2l 3}

At

W i. transformant4

-
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Fig. 8. Agarose gel electrophoresis of pUB 110
plasmid DNA obtained from the transformants.

lane a; standard pBR322

lane b; Bacillus sp. YA-14

lane c; transformant

lane d; standard pUB 110

lane e; reference DNA from Escherichia
coli V517.

2 o
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pH7.5014 7k &4 e] ggtom AAFo2 AHE
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Ao D54 7)e] FAiFt HRsiedcth Tr-
ansformant+ 2041t Altuok Foll = pUB-110pl-
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