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Cloning of Biosurfactant-Producing Gene from Bacillus subtilis KL-57
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Abstract — A bacterium KL-57 which exhibited biosurfactant activity was isolated. This bacterium
was identified as Bacillus subtilis. The biosurfactant-producing gene of B. subtilis KL-57 was cloned
into B. subtilis MI113 by using plasmid pTB523. The plasmid DNA from the clone was found
to carry a 18 kb Pstl insert. The biosurfactant-producing gene was cleaved into 4 fragments by
Smal, 3 fragments by Prull or EcoRI, 4 fragments by Prull and EcoRI double digestion, 5 fragments
by Accl, and 2 fragments by Kpnl, Hindlll or BamHI. By subcloning the 18 kb Pstl insert, a
2.3 kb EcoRIl fragment conferred the biosurfactant producing activity on B. subtilis cells. The 2.3
kb had one Hindlll cleave site. But Two fragments, which corresponds HindIIl/EcoRl termini,

exhibited no biosurfactant activity.
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Biosurfactant= Fel 8] AR EGA = e
QAR A Pats]s EA-o|BR YR xrt 48]
m FAol A3, EAlFEe] pekilel] &sle] ofg
7HA] BAE U R R BolFgl HAo #gaE 4
ek dubAQl S A oKD, ZHhe] v
A-Eo] AWAkehe biosurfactant®] FF-o} 42 53
theFshe, oz HH-oo] ¥ yo S8o] rdE)

Bacillusol| A4 3 4+=]+= biosurfactant+= lipopeptide
30 2 4(2), k& peptide ¥efQl gramicidin S(3)%}
tyrocidine(4), 7701} amino acid cyclic peptidesl] B-
hydroxy fatty acid”} ester Z2¥-& 3} 2+ surfac-
tin(5-7), 7789} a-amino acid$¢} 70 2] B-amino acid
715 Zh= iturin(D 2B 2 & 5 gk o] F sur-
factin® 4 &4 2 4 s} Surfactin®] hy-
drophilic #¥-& peptideZ4], A4%3 & ¥4 &
g 7k=rH5). Surfactin® 0.005%2) & E% ol A
0.1M NaHCO;®] 3538 71.6 dyn/cmell A} 27.9
dyn/cmE27}2] AFAIZ F Qe & X9 AL
7HA ], ol A AddA F 03 8L 2u
S+ SLS(sodium lauryl sulfate)el] #H3 =gk A
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LTo|tK6). =3t RIFaA, ey, A n
g4 52 5AE 2T gle] 4k L efshgoled A 9]
AUt 8ol ZIHEHIZ k8, 9). Lt o]Ft
Freiil 538 2a 9lgdx B8, 2 A3
Az} fatty acid®} peptide®] AE So HajA=
ApA B} A=l AA] @Foem, 1 Y4 T wel9).
18]35, Bacillus+= E. coliol] B|3ld &)Y f-AHA}E
go]3lA A mtelZo|x] or, vectorel] 4l
DNA &5 uletris AlEWelA plsmide] =) %3t
W57l Eu} olgl EA o <2ldled surfacting
%A} cloningoll #¥ dAFE FAhTo B33}
(10-12). &aj7p=] =z 22 surfactin producing
gened] 7Z-+x, 1 A HRA ¥l e
FRgcl= A AES W2 UK, 12-14).

&2l surfactin? ituring 3E£33h= Bacillus 3 2]
lipopeptides+ biosurfactant= 4 ¥yt olu]z} sk
A A A 2] Zel A gt d4tr) ZgE
ATK7,8,15). Le{v} vizl7bA| 2 1 5] 7]zt
s M= BHEs] 93l upr) glem, A& Folv
el &5, Az T wet @& Q%S e F
A= ol & FAlEo] Beol weob U A|RKHLS), Y
Al 71 % AlERHA AR i 58 dYel A

A<t vle} 3ro| Bacillus sp. 219 lipopeptide
&) biosurfactant 2] € X+ t}etslo] o}z whe o7}
sl A= dste), 7 FHAA ol &M 73
stobdr o Ao ks ¥ AT Bacillus 3 9
N Z-F lipopeptide &3] A3 tiEe] Srf gl
Bacilius subtilis Wl A28] &L ¥z} s 547,
A 7179 shedel] g 7|2Aa s A7) A3t
& &l-oi k.

HE o

Biosurfactant AAbFel 2| Y 53

2 odFel A AHEE T5E Aa AR 2 BEfoE
Hel Beldk 2000 F5E5E Adds)igdc) Ee&
g sthul] 2| Aboll A 37C, 24417} afj kgt ¥, biosurfac-

Table 1. Strains and vector plasmids used
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tant &Ao] -3 o5 155 FF AHste] UFe
AL-2-8loict, F-2]8 v R 2+ oil-L-agar plate(1% tr-
yptone, 0.5% yeast extract, 0.5% NaCl, pH 7.3 with
NaOH, 15% agar, spread with oil)& ARE-3lgic)
L-agar plateol]l 40 p/2} oil-& ¥ 3}3 37C oj4] 1Y
7F vl ofgt o}8 colony T4 emulsified halo7}
v}ebb= & biosurfactant AAFFFE AHsic)
35 AH5l A5 Bergey’'s Manual of Systematic
Bacteriology(16)¢} fEt 5@t RIECT)AN
T3l A3

AR 9 plasmid

Biosurfactant AJAF FARAS] FHFFE+= Fol=
biosurfactant A4t Bacillus subtilis=. 3% o
FE A28}l ar, Table 13 #o] surfactantS A4}
&A] B3l B subtilis MI113& =F A X2 AHA
g}el-& 2|8t B. subtilis MI112(18), biosurfactant
QA FAxEe] amplification2 $138l E. coli IM103
(21)% A3kl 2813 vector plasmid 2+ pTB
523(19), pUC19(20)5 Z+z} B. subtilis} E. coli2] ve-
ctor24] A28}, pTB523-& copy 7 ¢F 874
Ar2 Houg pTB523% ofak 47] #3led pUC19
9] ©} copy A& o4 E. colicl A pTB5233} pUC19
9] shuttle vectors nhgo] Al-2-3lgich

HiX| 9 uled

B. subtilis®) FAZAE 9% wjA= L Wiz (pH
7.2)% ARRslgl o, 37C o4 2427 zlebu)ofslel
3, FAAFA Y el R = L siAlE AHESEA.
Biosurfactant AJ4F A2} AES A= L Hu
v X & ARS-3lde e]a $HAAEAHLE tetracycline
25 ug/mi 8] FHF FEE AHriElgo)h

B2 U Al

Lysozyme, agarose, RNase %52 Sigma Co., T,
DNA ligase®} 2}F A PAEASES Toyobo =+ Pro-
mega AES A, 7lel b AokRa= Al
Swolde] &84S AHEsisich

Strain/plasmid

Genotype and characteristic

Source

B. subtilis MI113
B. subtilis MI112
E. coli JM103

pTB523 Tc*
pUC19 Ap’

arg 15, trpC2 hsrM hsmM
arg 15, tpC2, hsrM hsmM, rec™
thiA (ac-proAB), strA, supk, endA, sbcB, hsdR™

Imanaka ef al'®
Imanaka et al*®
Sambrook et al®
Imanaka ef al*®
Messing ef al™
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DNA &2

Chromosomal DNA+ (CsCI-EtBr equilibrium de-
nsity gradient ultracen tri fugation ®(22)¢l] 2}&}e]
2] AHE-SF )

Plasmid+ 4 80l w2} PEG A (23) =+ rapid
alkaline lysis %{24, 25) 52 o] &3l Fz2], AA 3}
of Ap-§-3}gich

Baciflus subtilis®| @AM E

32143t upH& Anagnostopoulos®} Spizizen©)
g3d3F (26, 27) F3le] dElelem, subclo-
nings $13 A= autolysisE Fsles 271 ol 2-&
AHE-gE BPH(28, 299 Fehsdith. o wbhe oS3
2k Al kgl B subtilis MI113& L w=]o] 1%7}
HeE FEshal ODsommol4 0.7~08¢] 2 o712
A ebul) oksld ol 1 m/e] vl oke}-& Eppendorf tubed
71 F, 10,000Xgoll A 237+ A Re]dle] AHEES
22 o}8, glass tube(15®P X 105 mm)ol] = 3 m/¢]
410 mM KCl solutionel}] #=€tA|#ct 30C oA 308
7+ AAEE vbeA7] F 200 W] HEY-E Hshe
DNA sol'n® 4o} & o} 30T oA 1037} ul-2-3)
F 2002 70% PEG 60002 7}3}oitt. 30C ol 4]
574 HFSRE thg 45C <A 90&7F da)zlshelc)
30C & cooling & ¥, LC medium(l. medium supp-
lemented with 100 mM CaClL)2. 8 PEGE 3] 43}
HAIF2](10,000X g, 2B FAL Fpsldc) F
AE 05w L vfxlol dHEA|A 2417} F-oF ul k3
%, L-oil 34 wliR|of] Zwhsleq wldstar A xst
AE AL

A AHA e dEYNE tetracyclined #H7}3 2
Fol UF-F vlE L el Aol =whalar, 37C of) 4]
16417} wj<}3led biosurfactant F4deo] e AL Al
] 3he] o

Gel electrophoresis

Gel electrophoresis+= TBE buffer(0.045M Tris-
borate, 0.001 M EDTA, pH 8.0)& A}8-3}e] Maniatis
o] A3 3hH(24)l] vb2} mini gel system(Mupid
Co)oll A AX|sl4l o™, agarose gel 4+2] DNA
2 electroelution ¥ 2 ISCO A}2] electroelutorZ
r-g-8le FE, 3]dtgch

Biosurfactant §4d test

A A5 50m/ L ul X(tetracycline % 7Pl A
37C, 24A)7} A=def kg 3 12,000 rpmel A 10E-7}
A Fe]l3le od.e AFSN-S biosurfactant 4] &A
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S 3 A e g ARsl9del30, 31). Biosurfactant
AEFALE b F9Ad HAEHe Qe vjxd
ZAEAAH S o] 83} v BHAHE Al UReKE

m)| AEAE PI, she] A o] ool
AsHe He5E AUL ¥, ERE et
ulaatel el ERAHS Ayt

a3t o m

=2|El biosurfactant AiAKRFO| S5

2g AWE 75 KL-579 QA EE Gram <
Aol e 2 X3E FASe 54 el
3} catalase2} V-P test ¥4 <l vl urease, nitrate
reduction, indole ¥A%F Tl AL Rgon
starch, casein, gelating 7}r3#& sl F2&Foldc}
(Table 2).

ojAe] Au-g Fgs] ¥ o KL-57

tilise] ¥elH, A3y B3 7tow
KL-572 =g}

T+ B. sub-
E B. subtilis

Table 2. Morphological and biochemical properties

Caracteristic KL-57  B. subtilis
Morphological characteristics
Gram staining + +
Shape of cell Rod Rod
Spore formation + +
Motility Motility Motility
Biochemical characteristics
Catalase + +
Unaerobic growth — —
V-P test + +
Urease — -
Gas from glucose — —
Hydrolysis of casein + +
starch + +
gelatin + +
Utilization of citrate + +
Growth in NaCl 2% + +
5% + +
7% + +
Growth at 30C -+ +
40T + +
55C — ND

Indole formation

!
|

Reduction of nitrate




596

A Bo +9
o — s ""‘""‘"""J 7 48
| -— 2w |
Q
. Q lﬂl.___._,.w-‘\ T
T 2 .~ & +8
: N Ttef 1)
g e o “Z 1.
£ ~o—0—0—0—9p 5 1, %
g 120 3 T2
& . g
§ | o7 T
0 &—+ + - hAR

80

0 8 12 18 24 30 38 42 48 54
Culture time (hour)

Fig. 1. Time course of growth, pH and surface tension.

Biosurfactant2| AHA}

B2l BA-HH o5 B subtilis KL-572] A5-7} bio-
surfactant AJ4k#be] FAE HES7] 23te] L o)
Ao A2 4, pH, £HAHE FA3}e Fig. 1
o vlellc}. Biosurfactant®] &A1& Faje] ZAle)
ODgsonmn =059 ©128& o ehyr] A]ztsle] o
TeAM717F Ed F e 248 el o] 4
M= Bacillus sp.ol| A 5524 7)7F 83 F A x| 7]9
17} FHdje] A4S HMolvle Carins®] H.3(1)9}
o A g},

Biosurfactant € {R&XI€| cloning

Biosurfactant& A3l W= B. subtilis€] chromo-
somal DNAE #2]|3sle] Pst] AFEALTE Anhalo]
B el3gk 2~20kb2] DNA <3} Pstlo 2 Aohgl
pTB523 DNAE ligation A%l thg, B. subtilis MI113
L A A, oF 1X10°7]2) A 8H & Agje)
A7) HAARARRE 521 biosurfactant #4-&
el 1709 colony s F8]8 = 9ldc) Fig 2%
ojufe} AyPAAE el Zolt}l Fig 30lA4+= B
subtilis KL-572] biosurfactant AfAF &A1#} cloning
¥ biosurfactant A4t FHRE Zk= o B subtilis
MI113e] A& vehdl= 2& Kol it

Ft#, biosurfactant A& vjehdl A A3z H
E] #2lg} plasmidE Pstlo 2 Aghdlod 18 khe] 2=}
DNAE 7|23 gl&& o o 2lglr)h ¢] recombinant
plasmidg pBS101e]|z2} = 3)eic).

Biosurfactant & F&XIL| HSIEL site &4

Insert DNA2] cleavage site2] #4182 $s}le =zt
Agra e Mok FAsle] B A3 92, 52, 22, 14
kb® v+ 3708 Smal siteE 7}RI3 glo, 6.6,
8.9, 25 kb= = 2782) EcoRI site2} 8.3, 6.0, 3.54
kb= v+ 2702) Poull siteE 2+ 9l om™, 166
o 14 kbE = 1708 Hindlll site, 10634 74
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Pstl

Chromosomal DNA

of B. subtilis KLL-57 Ecdl

2-20 kb DNA fragments
digested with Pst |

Ts DNA ligase

Transformation into B. subrilis MI113

FPstl

Pstl
EcoRl

Fig. 2. Schematic diagram of the cloning strategy.

£

VB, subtilis MI113 IS
carrying pBS101

Fig. 3. Production of biosurfactant of B. subtilis M1113
carrying biosurfactant-producing gene.

kb= v+ 170 8] BamHI site2} 129} 6 kb2 5=
1708 KpnlS 231 9lodo) Accl®] siter 47024 2.5,
3.23, 523, 5.69, 1.38 kb7} =)

Biosurfactant € $HMXI2 subcloning

AA = biosurfactant 1A A §LE A sited: &
t 2 subcloning-& 3319} Poulle} EcoRI2) 7} fra-
gment-S pTB5233} pUC192] shuttle vectorel liga-
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Fig. 4. Restriction map of the 18 kb DNA fragment
carrying biosurfactant-producing gene.

Abbreviations of restriction enzymes: E, EcoRI; Pv,
Poull; H, Hindlll; P, Pstl. BS is biosurfactant.

Table 3. Biosurfactant activity of bacterial strain

-

Strains Final pH Surface tention
B. subtilis KL-57 8.45 29 (dyne/cm)
B. subtilis MI113 8.7 69
B. subtilis MI113 8.38 32

carrying pBS101

tiong 5}o] transformation &}od ¥ A3} EcoRI¢| 2.3
kbel 4] 5213} biosurfactant &4-& tepligic) o]
23kbe] EcoRl fragment+= 1702 Hindlll cleave
site S zt3 9lgloev] EcoRI/Hindlll wete] 5712
fragment+= 28] #A-% Ho|x] ¢igtriFig. 4).

XM=gH? 2| biosurfactant A =X

Bacillus subtilis KL-577} recombinant®& 7+7} 1
A7t wleksted surface activitys FAlste] B Ay
Table 33} g ARE Ar)

Wild type?] ¥+ KL-572] 73-% Arimaz} KH.3(6)
gt upe} 7ol At =& FHEA S VUL O
2 cloning® f3AY Z2ta) o] Ee] sz HE
% mutation 5 ¥WHE FI <A77 Ao
FHEA 2 AAeE So] oS FE Fes A
zhl o).

Goll A Atm] B upe}l o] EroR] whehel 2.3 kbe
SH A= o|n] uhe| 2] 3709] surfactin AB4F F-A =}
(sfp, srfA, srB)s}E AFAA siteEo] Eel& 7o g
Yo} surfactin Y AHE $1&F v} AR Q2RI
(9,10, 12, 13). g A3 3712 {4l d7lws
o] FAA-SE Hola qlom, surfactin A Aboll F-AFRE
71%5& skl el 7ol ¥ Aok, 12). ¥ A9
2.3kbe] FHAE Srf FFEe dEAHOE FE
iloj BS #5919 #A 55 Wi 4 sJokd sur-

297

factin A2 7|45 e o
T 8lE Zle® 7.

sl Avtelzt 9

8 o

L-oil ##uf zlell A emulsified halod 2=+
FE F-g)slyc}. o) F 3+ Bacillus subtilis KL-57=
TAHEACE o] 32 G4 DNAE Felslod, pTB
5232] Pstl siteol ligation 3}, A A HIA A E
A ASLR] Fsle Srftel w5 B subtilis MI113-&
2 A 3kste] Srf’ cloneS ¢2¢it}. Insert DNAY= 18
kbe], cloning ¥ hiosurfactant -F%3}&] Agta s
sited W43F A Smal site 370, Poulle}l EcoRI
site 27} 278, Kpnl, HindIll, BamHI site?} 1744
glem Accl siter= 47] &3¢} o]& EE 2.3
kb2 biosurfactant AAF FX2E L)

AN ETR=
B AT 1991~19924 % =3tk S47] 2
AFu|(FAIHE 913-0406-023-2) U9 UF=
Eglem, 2ol FHAL=F)
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