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A biosurfactant-producing strain, Bacillus subtilis TBM 3101 was isolated from the soil sample at
Tae-Baek Mountain through an antifungal test and emulsification assessment. The strain was
assessed, regarding to the microbial growth, by physical and chemical test, surface tension, emul-
sification activity and stability. The surface tension of the isolate sharply decreased to the minimum
29 mN/m at 48 h growth. Of note, its emulsification was stabilized to the highest degree when
tributyrin was utilized as a substrate, indicating that in comparison to a variety of synthetic sur-
factants, the biosurfactant produced by the isolate was significantly similar to synthetic surfactant,
tween 20. In addition, the biosurfactant showed high emulsification activity when soybean oil,
crude oil and tetradecane were used as a substrate. Thus, these studies could contribute to the
detection and development of biosurfactant beneficial to the environment and humans.
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(oil-water), liquid-solid(wetting phenomena)?t A™H 74 (interfacial
tensiony ZAA7|H /3 AR 95381t)? Biosurfactant
= 71E9] 38 [l vlske FA4do] viir, miAEe] 3]
oAl SElAH, 22 L pHe| gk FgAe] & & o}
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g 7 ituin®e 2 P 4 Qi o] F surfactin® A
a3z 284 Uk DA, surfactind ituring EEE=
Bacillus% 212l lipopeptides= biosurfactantZA] ¥3F oz}
g B3 AEEAY SHAA A A7t AYHZ A
ohA g o gate] 713l fisiAe WEs] Bkl bt
7t Qo] o B2e Ak A=A Sl

2 A7 g B EE 3 Bacillus subtilis
TBM 31015 5432, biosurfactant BAMFFEA ] 018-2 9
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sk E=3F ojn] ArET e TE AR IAET Y
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Biosurfactant A4 u]AEe] Ha, whige] AFd Hix
(carbon-minimal medium)Z AH2-38}9] biosurfactant=S: AJ3Feh=
nAES Eelsidon, A8 wixe] 2432, NaCl 0.1g/,
(NH,),SO; 5 ¢/l, K-HPO, 2 g/l, KH,PO, 1g/l, MgSO, * TH;0
0.2 g/, yeast extract 0.2 g/l, CaCl, 10 mg/l, FeSO, - TH,O 10
mg/l & trace element % 2m/ (7H,0 7mg/l, CoCl, - 6H,0
6mgl, MoO; 1mg/l, H;BO; 1mg/l, NiSO, - 6H,0 1mgl,
ZnS0, - TH,0 0.5mg/l, CuSO, - 5H,0 0.5mg/)LeE, ulA] ¢
pHE 7.002 243t AMG-sTh 919 722 249 wlA]d,
A0 2 crude oil = soybean oil 1% H71g vhE, Al
g AE M9 = Hago] EY AR 3g2 ©aL 10814
3238k 10298 1% 78k 797 Ae vkt ofw A
SH A& N2 oA 47 2 AFE 2 1%E 3
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A ekl AdE g9l F2UE LB AR ZHz}
ZA T, ributyrin®] 2% H7HE iR vikst &
o] A=, BH A Adtso] 948 AL biosurfactant
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43¢ 5%, 944 DNA #:2] # ASEA 3. e
475 48] flste ek, ey g Askery 54
ZAL8te] Bergey’s manual of systematic bacteriology'?<ll

Ste] BlaL ERISKAT 3t FEd $4S flsled TBM3101
o] H4A DNAE th33 Zol 283t 924 DNAE 4
7] $13le] AejFst 55 LBA 3mpll AHESIY 37°CelA
4~6A17F Bt 8 wieksidch vigE FE FAEste 1X
TEN buffer(Tris-HCl, EDTA, NaChZ A&ttt 500 p/
SET buffer(20% sucurose, 50 mM EDTA, 50mM Tris-HCl
(pH 7.6, 1 mg/m/ lysozyme)& HE3I, 37ColA 108 F<F
Hj%F Fol| protease K20 mg/m)E 42 H7ish}. SAlo) SDS
£ AT 1% HEF st 37°ColA 3027 $4A1A 1M
NaCl& #7V8ted phenol X233tk Phenol A3 Alge
99% Et-OHZ HAAX|A(-70°C, 10¥), G484 DNAZ 3|43}
k. o]EA EelE d4A DNAS FHo=2 3¢ PCRE &
skl on], TBM31019] 16S DNAE 53 thd 168
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DNA2] 971X E-S A3t} olul PCRO| AME-€ primers
E coli 16S tDNA2| upstream 9-27 bpS} downstream 1,542-
1,525 bp2] 99 oligonucleotideZ 2PFs}e] ARS-3IATHprimer
1. 5~GAGITTGATCCTGGCTCAG-3', primer 2: 5-AGAAAG
GAGGTGATCCAGCC-3") TBM31019] 16S rDNAS] 97144
S AAg & GeneBank DatabasedlA AFEAIS Ha3lL.
™, Bacillus sp. TBM31013} AR} Bacillus5531e] FraaAlE
Zolr 7] $)ste], ClustalX program'2 ©]-83}4 phylogenetic
treeS AZSIATH

TFY B8 34, AHE 359 A/ E AR 9
slod, LBAAENA] 500 mell HujFAI 255 FEskd 37°C
o 90A1ZF B<F 200 pmoE Bt #GA Tl wt
E A9 ] 3R1e &, IR vjdls 647k
Aoz dAZHIm) FHSL UV-VIS Spectrophotometer(U-
1601, Shimadzu, Japan)ys AFE314] 600 nmollA] S-3 (optical
densityy2 =743t}

FRAY 24, LB AAMIX oA wget F] mjdd s
A7 Aoz FHile ARSI #AE AAS vt &
%92 millipore 02pume ©]&3ste JFHF F, Surface
Tensiometer(Tensiomat 21, Fisher Scientific, USA)9] ring
methodE ©|8-3l] FAFE S 33 NHE3slY ZA8lL I B
iz d el EN T A= A
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HEgA o} Aol o8l YA biosurfactant®] TRFEF 4
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AlgL Cirigliano®} Carman®] ¥3'*'9e] wahx] AA[EFH.
a5 wlFAE millipore 0.2 pum FH{TE FIAA HF et
o2 crude biosurfactant S0 F ARSI L oI 2 miE
o7l e AlEHe] ¥, pH 3.09] 0.1M sodium acetate 2
Zd 2mie} 53 g9 1mid] tiest J1ES da 2E7
73l e $, 1087 FA|sl 540 nmol| M o] FEEE &
Aelsith AEE 712 soybean oil, crude oil, kerosene S-S
T3 A R wskrd sRREES AMEsilen, stekgt
A AHZAAE tweenT, span 85, triton X-100, SDSE AME-
stk M-S R 378 Alsh FYs W PeR
Mg Foll, d2o] HAEM 608 TUA 108 = 540
oA 2] FHEE FHsle] 2agtem Ibsie] JERl,
2 we] 71E71E f3iMe] SR A K S EE
fretEe] 71871 ez vepidnh

dnt o 0F

9] £, it aFH e ESAIFNA biosurfactant
£ ABke 7 255 B8sl] Slele] w©ade] AgE ¥
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= AFHT AE FHAE 1% A7kl 7947 X7 wigsisie
9, ol A5E & IFHE 1% H7ISH A28 eahguiAe]
oA ufeksigct o]FA 33 whEsle] 4SS 455 LB XL
ARl =dete] 37°ColA viFsIRe, g 3
tributyrin®] 2% H7F wiRlelAM uiele] FHES WS,
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Table 1. Biochemical and physiological characteristics of an
isolated strain B. subtilis TBM 3101

Characteristics B. subtilis TBM 3101

Gram stain +
Fermentation of Glycerol +
Erythritol -
D-arabinose -
L-arabinose +
D-Ribose +
D-xylose -
L-xylose -
D-Adonitol -
Methy-D-xylopyranoside-

D-Galactose -
D-glucose +
D-fructose +
D-mannose +
L-sorbose -
L-Rhamnose -
Dulcitol -
Inositol +
D-Mannitol +
D-Sorbitol -
Methyl-aD-mannopyranoside -
Methyl-aD-glucopyranoside
N-Acetylglucosamine -
Amygdalin
Arbutin
Esculin

+

+ + +

Ferric citrate -
Salicin -
D-Cellobiose
D-Maltose
D-Lactose
D-Melibiose
D-Sucrose
D-Trehalose
Inulin
D-Melezitose
D-raffinose
Starch
Glycogen
Xylitol
Gentiobiose -
D-Turanose +
D-Lyxose-

D-Tagatose -
D-Fucose -
D-Arabitol -
L-Arabitol -
Potassium gluconate -
Potassium 2-ketogluconate -
Potassium 5-ketogluconate -

L

+ o+ 4

EA AE Adse] 3 258 v EI%en, olF F
oA 9= 2l TBM31010] thskd AlE2 AdS AAsH
Atk

B licheaiformiz (AY479984)
B licheniformis (AF492486)
B strophseus (AB021181)

B amyloliquefaciens (AF489591)

B vallismortis (AB021138)

B subtilis (X60646)

- B subtilis (AI276351)
L—TBM3101
B subtilis (D88802)

0o

Fig. 1. Unrooted phylogenetic tree showing the position of strain
TBM3101 amongst other species of the genus Bacillus. Numbers in
parentheses are GenBank accession numbers. Bar, 1% sequence
divergence.

#39 54 2 ASHA B4, A¥" TBM3101S 23 ¢
Ao os] agddaom IRIFYeH, AR T @
g AMEEE API Kits o83k Aje] AlskEhAl AdE =
AFgt A3 TBM3101 Bacillus®] F8 53¢ 7L U8
IS 4 Ao (Table 1), AAZQ A= Aslery HAL
95.5% X B. subtilis?h *35430) AT AEE 458 Boh
243 7] k] @ore] 9AX] DNAS EEsiier,
ol F¥o=z 3 PCRE 3t oF 15kbe] TBHE AN
o} golzl 16S DNA YFFFdH-E pGEM T-easy vecter
(promegayE AMEEt] 23 F ugo T FrIMES A
st

TBM31012] 16S tDNA 94714€-2 NCBI BLASTE 53l
NS A8, ClustalX program™E o8-8t AR
BacillusZE 32| F8t8¢e ddgde =AEAY. 2 A
Bacillus sp. TBM31012] 16S tDNA 71X 82 Bacillus
subtilis9t 98% o1 =2 F54E Yehllo] B subtilis TBM
31012 FAEAHFig 1). FHLlelA biosurfactant BT
= g4 HaE 9lom, E3] biosurfactant?] surfactinS A4t
ke B, subtilisEol et X7} Fol o]Fo{X L Qltt,

0] ASE 2 FHAY. B subtilis TBM 31017+ 53}
o] AAJ3Ke biosurfactante] 5798 obrr] 93l WA
o et AxHez FuAEe FX A3 wid & 59
Ago] theza)7] Azl ol2& 13X FEH F43] ga
al4dt). 48A17F Fo) uiAle] EHAHo] HIL 60.9 mN/mollA]
HA 29mN/m ZE7HA] AstEon, Aetd TH4EHS 48
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Bacillus sp>%} Pseudomonas sp.90.2 F-Elo] AHEA 9|
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Fig. 2. Change of cell growth and patterns of biosurfactant
production by cultivation times. The Bacillus subtilis TBM 3101 was
cultured in a LB medium containing 2% crude oil as the sole carbon
source at 37°C.
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Fig. 3. Emulsification activity of various substrates by biosurfactant
solution. The sample mixture was shaken vigorously in a vortex mix.
The absorbance (Ass;nm) of the emulsion was determined after the
10 min.
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Fig. 4. Emulsification stability of various substrates by biosurfactant
solution. The absorbance (Asium) Of the emulsion was determined at
the indicated times. After the initial 10 min holding period, absorbance
readings were taken every 10 min. The log of the absorbance was then
plotted versus time.

Table 2. Emulsification activity and stabilization of various substrates
by biosurfactant solution

Emulsification activity Decay constant

Substrate

(ODsaonm)’ (K5 1073
Soybean oil 2.38 -0.46
Tributyrin (Cyy) 2.68 -1.23
Kerosene 0.95 -5.17
Crude oil 2.36 -0.51
Hexadecane (C¢) 0.44 -5.51
Tetradecane (C,4) 1.71 -2.66
Dodecane (C,,) 0.70 -10.11
Decane (C,y) 0.85 -7.09

The emulsification assay was performed in the presence of the
biosurfactant, as described in the text. After an initial 10-min holding
period, the absorbance readings were taken every 10 min for 60 min.

2The log of the absorbance was plotted versus time and the slope (decay
constant, K;) was calculated.

BT 4T KRR 28EE §38Y 71871 2hE JUE
Weom, 718717k $35o) FheSs fehwel Wsbt Az
HEE Eua B £ Qlth B subdlis TBM 31010] A4ka}
T biosurfactante tributyrinollA] 2.682 f3l&/de] 7H &4
vgton) #3} oFdA)S soybean oilPllAd -0.462] KZto 2 <t
A=rb 288 ISt 2l crude oiPIM = F3F HF
do] v =UTh A AL e AU 73t
237} QFYA3S vla] EH tween F9F span 859} 3k
o] HlZBI T 4 Ao} FYJo A= tween 803} triton
X-1005} AR BRI 4 USdeh 3k Ao uRd =7
NX Bacillus subtilis KL-579) THAZ0] 29 dyne/cm% 24
@l B. subtilis TBM 3101¢] 0P} 282 FXc}. 18]
3L oo T80 A FeNNe {3 B B 3t g Est
Bacillus  subtilis A8-89) A= ztz} 275, —0.009¢ Bacillus
subtilis LSC11+= 2.39, —0.13, Bacillus atrophaeus DYL-130=
2.10, —-0.00, Bacillus sp. TBM 911-5= 2.65, —0.00, Bacillus
sp. TBM40-3& 2.65, —0.0001=t] ol £ dFA49 B
subtilis TBM 3101¢] AJ4F8l= biosurfactant®] F8}&-Jo] 2.68
Z fARE 2ol S ¢ 7 ATk 2§33 =
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Fig. 5. Stabilization comparison of the emulsion from the
biosurfactant solution with various chemical surfactants. An
emulsifying substrate was soybean oil. The absorbance (Assoum) of the
emulsion was determined at the indicated times. After the initial 10
min holding period, absorbance readings were taken every 10 min. The
log of the absorbance was then plotted versus time.

Table 3. Comparison of emulsification and stabilization properties
of a biosurfactant solution

Emulsification activity Decay constant

Substrate (ODsqonm)’ (K, 107
Biosurfactant 2.68 -1.23
Tributyrin (Cs.) 2.68 -1.23
Kerosene 0.95 -5.17
Crude oil 2.36 -0.51
Hexadecane (Cy¢) 0.44 -5.51
Tetradecane (Cys) 1.71 -2.66
Dodecane (C,5) 0.70 -10.11
Decane (C,) 0.85 -7.09

The indicated stabilizer was analyzed for emulsification activity by
using tributyrin, as described in the text.

The log of the absorbance was plotted versus time and the slope (decay
constant, K;) was calculated.
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