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1.1.3 o) (g/L): 5.0,
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8.0, pH7.2
12 EHHAE
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1.3 sfp £E# PCR ¥ 1&g
DNA, PCR sfp

Feng-Chia Hsieh!®
f(5'-ATGAAGATTTACGGAATTTA-3') r(5'-TTATA-

AAAGCTCTTCGTA-3")(

), PCR 20uL, : 94°C 10min; 94°C

Imin, 46°C 30s, 72°C 1min, 25 ; 72°C 10min
PCR PMDI8-T(TAKARA) ,

E.coli DH5a

14 MELEEREREUSH
[71 DNA

Marrrtur!® BHT, )
(G+C)mol% DNA PCR

16S rDNA,

B14926(5'-CCGGATCCAGAGTTTGATCCTGGTCAG
AACGAACGCT-3") B14927(5'-CGGGATCCTACG-

CCTACCTTGTTACGACTTCACCC-3')(

) PCR 20 uL
, : 94°C 10min; 94°C 45s, 55C 60s, 72°C
70s 30 ; 72°C 10min PCR
PMDI18-T(TAKARA) , E.coli DH5a
16S rDNA ,
ZW-3  16S rDNA GenBank
, MEGA4.0
16S rDNA
1.5 BBREMFREEHTNIBERETE
[10]; [11]
A(40 60 10mmol/L , pH6.9),
B( ), ,0 10min B 10
25 1.0mL/min Cl18 215nm
1.6 BRRAEMREE ST B H SR
(CMC)
[12]
[13] TVT2
45T
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10ml 30ml ,  Ployron
10000r/min Imin, 45C , 2h
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20C 50T

2 HERFitih
2.1 BEMABRRHEGRIEENE

8 , ZW-1
ZW-8, 8 , ZW-3 ,
6 cm,
22 EMERBEREEIKNMHNE
TVT2 8
1, ZW-3 ZW-6
68.32mN/m 25.19mN/m 29.51mN/m,
ZW-3 ) )
ZW-3
1
Table 1  Surface tension determined under fermenting liquids
Sample number Surface tension/(mN/m)
Aseptic water 68.92(0.0795)
Bacterial fermentation culture medium 68.32(1.6471)
ZW-1 42.82(0.3125)
ZW-2 36.56(0.0872)
ZW-3 25.19(0.2544)
ZW-4 31.59(0.2147)
ZW-5 45.25(0.3102)
ZW-6 29.51(0.0614)
ZW-1 33.48(0.3145)
ZW-8 47.24(0.2514)

Note: Standard Deviations(c-1), n=5
2.3 sfp Z£E#I PCR #15
sfp PCR (D 8
, ZW-3 675 bp R

M 1 2 3 4 567 8 910

bp
21226
5148
1904

947
564

=075 bp

1 Sfp PCR
Fig. 1 PCR product profiles of Sfp gene. M. ADNA/Hind +EcoR
I; 1. ZW-1; 2. ZW-2; 3. ZW-3; 4. ZW-4; 5. ZW-5; 6. ZW-6; 7.
ZW-7; 8. ZW-8; 9. Bacillus subtilis ATCC 21332; 10. Dis-
tilled water.

Ek ZW-3 S REBE N ETE
ZW_3 9 b

> > > >

0.8umx2  3pm ,

> > >

DNA  (G+C)mol% 42.2%
RBEREFN

ZW-3 16S rDNA Genbank
16S rDNA ,
24 16S rDNA,

MEGA4.0 ,
ZW-3 (Bacillus subtilis)

99.7%,

El

ZW-3(Bacillus subtilis ZW-3)
26 BEREMREEEFNERRNER

sfp PCR
(Bacillus subtilis),
[10] ZW-3
/ , Surfactin
3 R Surfactin s
1 , )

(Surfactin)

1 2

The thin-layer chromatogram of Surfactin. 1. Standard of
Surfactin; 2. Lipopeptide from B. subtilis fermented broth.
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62 Bacillus subtilis BHP6-1(AY162131)
4 L Bacillus subtilis HAZ2(AY162127)

Bacillus subtilis 1-gw2-2(DQ990020)

Bacillus subtilis CH7-1(AB055852)

Bacillus subtilis B114(EF370052)

Bacillus subtilis CICC10089(AY907700)

Bacillus subtilis A32(DQ631809)

—_l
4 Bacillus subtilis CR3(AB300791)

Bacillus subtilis B88(DQ010109)

0
{ Bacillus subtilis ID2(AB300794)

Bacillus subtilis CICC10149(AY971362)
L Bacillus subtilis DSM10(AJ276351)

Bacillus subtilis DYU1(EF442670)

. Bacillus subtilis BCRC 14715(EF423594)
{ Bacillus subtilis IDCC 1101(AY995568)

—— Bacillus subtilis BCRC 17441(EF423601)

0 L Bacillus subtilis KL-073(AY030330)

Bacillus subtilis KL-077(AY030331)
Bacillus subtilis TUT1206(AB188212)

0 Bacillus subtilis KL-164(AF391127)
{ Bacillus subtilis W20(AB300813)

Bacillus subtilis Y7-1(AB300816)

0 L Bacillussubtilis Y21-1(AB300819)

ZW-3

2 16S rRNA ZW-3
Fig.2 Phylogenetic tree of ZW-3 and related bacterialspecies. The tree was constructed according to 16S rRNA gene sequence with MEGA4.0 software.
2.7 BERKEMFRMEIEMEFA HPLC 45 R (Surfactin), HPLC
HPLC , ZW-3
4 , HPLC 111.6mg/L,

3 ; 6.212min  7.769min 2.8 FRBREYFRMEE M AR L1 R R X R m R 1 A

9.727Tmin, HPLC 6.136  7.643 9.586min 281 (CMC)
3 , [11] , 3
(Surfactin) , , 30 , 33.3 mg/L
6.212  7.769 9.727min

Norm.J Norm.1

9.586

600 1 600 1

7.643

400 1 400

6.136

200 1 200 -

—200 1 =200 1

4 HPLC
Fig. 4 HPLC Examination of Surfactin. A: Standard of Surfactin; B: Lipopeptide from B. subtilis fermented broth.
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Fig. 5 CMC of the lipopetide biosurfactant.
2.8.2
2 ,
2.89U, >
R 10 1.36U,

[15]

Lipopeptide concentration\ng/L

)

2
Table 2 The emulsifying value of different dilutions of lipopeptide
Dilutions of Emulsifying Surface
lipopeptide solution value/U tension/(mN/m)
0 0 68.36(0.0746)
1 2.89(0.0825) 25.04(0.2541)
2! 2.54(0.1295) 25.10(0.3328)
3! 2.12(0.5374) 25.13(0.3004)
57! 1.56(0.3621) 25.60(0.2328)
107! 1.36(1.3541) 26.15(0.2741)
507" 0.33(0.8546) 57.91(1.9079)
1007 0.15(0.1124) 67.51(0.1686)

Standard Deviations(c-1), n=5

>

68.36mN/m 25.04mN/m,
10 26.15mN/m

2.8.3
TVT2
6 2 b
27.88mN/m  23.53mN/m
4.57mN/m, 10 ,

12.16mN/m,

= 407

Z

=

= 301

5 20t

:;:

5 107

A B C D E F
6 ZW-3

Fig. 6 Interfacial tension determined under fermenting liquids.

A: Aseptic water; B: Culture medium; C: Bacterial fermentation
fluid; D: Dilutes two times; E: Dilutes five times; F: Dilutes ten

times.

0.8%

NaOH

. )
(Alkali-Surfactant, AS)

(<10 mN/m),

ZW-3
/ , 1.5h

>

1.0% 13% 1.5% 1.8% 2.0%(Wt/V)
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Fig. 7 Interfacial tension determined under fermenting liquids mixed
with alkali. fl: 0.8%, f2: 1.0%, f3: 1.3%, f4: 1.5%, f5: 1.8%, f6:
2.0% NaOH

2.8.4
1 2min ,
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10h , 35h )
11mL R S
, , ZW-3
ZW-3
, 8
(W/0) , (O/W) ,
(O/W) ,
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3, , ZW-3
20C , 50T
) ZW-3

8 ZW-3

Fig. 8

The Photos of crude oil-water emulsion formed by fer-

menting liquids (10x40). A: 12h; B: 72h.

3

Table 3 Foaming property of fermenting fluids

20C halflife  50°C half life Foam

Surfactant period /min  period /min appearance
Strain ZW—3 . 336 35 Tiny and
fermentation fluid compact
Sodium dodecylsul- 348 16 Thp size is
phonate different
bl bl bl
, ZW-3
ST
3 én lﬁ

3.1 RRBREWRTE A M ACIH B AR A IRIE I i

(srf operon)

5
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, sfp PCR
ZW-3,
sfp PCR , ,
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ZW-3 (Bacillus sub-
tilis), HPLC

3.2 BERKEMIRMEIEMFIA CMC ERIAILELE

>

CMC 33.3mg/L,
(CMC) ’
: CMC ZW-3
2.89U, 0, |
1.36U,

s

3.3 BERKEWIRMEEMTIX R IER MR

/
s 68.92mN/m
25.19mN/m, 27.88mN/m
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Isolation and identification of surfactin producing Bacillus Subtilis strain and
its effect of surfactin on crude oil

Dawei Wang', Yongjian Liu'", Zhongping Lin®, Zhenyu Yang’, Chunlei Hao'

(* Petroleum Engineering College,Dagjing Petroleum Institute, Daging 163318, China)
(* College of life Sciences,Peking University, Beijing 100871, China)
(® Daging Exploration & Development Institute, Daging 163712, China)

Abstract: Strains producing biological surfactants were isolated from formation water of Daqing oil field, Heilongjiang
Province, China. From which a lipopeptide producing strain ZW-3 was screened out by PCR of the sfp gene. The mor-
phology ,cultural characteristics ,physiological , biochemical properties and chemotaxonomy of strain ZW-3 were studied.
The strain is rod shaped (0.7 0.8 umx2~3 pm) , gram-positive, spore-forming and aerobic bacteria. Its (G+C) content
was determined to be 42.2 mol%. Phylogenetic analysis based on 16S rRNA gene sequence demonstrated that it was
closely related to the genus Bacillus subtilis, and the metabolites of strain ZW-3 was analyzed by thin layer chromatog-
raphy and high performance liquid chromatography, the result indicated that the biosurfactant strain ZW-3 produced was
surfactin. It could reduce surface tension of bacterial fermentation culture medium and water/oil- interfacial tension from
68.82 mN/m to 24.88 mN/mand from 23.53 mN/m to 4.57 mN/m ,respectively, and its mixture with 1.8%NaOH could
reduce water/oil- interfacial tension to an ultra low level (1.2><1073mN/m), Its critical micelle concentration (CMC) was
tested to be 33.3 mg/L(3.24><1075 mol/L)at 25°C, and it had excellent emulsifying(2.89U) and foaming property. All these
results showed that this biosurfactant had great potential in pharmaceutics, environmental protection, cosmetic, oil recov-
ery and many other application fields.

Keywords: Bacillus subtilis; polyphasic taxonomy; lipopeptide; biosurfactant; physico-chemical properties; crude oil
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