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Abstract: [Background] With low toxicity, good biocompatibility, and biodegradability,
biosurfactants are excellent substitutes for chemical surfactants. Most of the available
biosurfactant-producing bacteria are mesophilic and it is of great significance to mine efficient
biosurfactant-producing strains from cryogenic environments such as the Antarctic. [Objective]
To screen psychrotolerant bacteria producing surfactants from the Antarctic soil samples and
analyze the chemical structures and properties of the purified surfactants. [Methods] The
biosurfactant-producing bacteria from the soil samples in Fildes Peninsula, Antarctic were
screened by the oil spreading method. A strain with white solid particles on the colony surface
was obtained and identified based on the morphology and the phylogenetic analysis of the 16S
rRNA gene sequence. The components in the product were separated by high performance
liquid chromatography (HPLC) and identified by nuclear magnetic resonance (NMR). The
fermentation medium of the strain was optimized by single factor experiment and response
surface design. The emulsifying ability of the product and the diesel oil-degrading ability of the
strain were evaluated. [Results] Pedobacter sp. GW9-17 with high surfactant production was
screened out. The optimal fermentation medium contained (g/L): soluble starch 18.0, tryptone
9.0, CsH3NaO; 4.4, K,;HPO4 3.6 and MgSO4 1.2, with pH value 7.0+0.2. The concentration of
the product reached (3.0+0.5) g/L after the strain was incubated in the optimal medium at 28 °C
and 180 r/min for 7 days with an inoculum amount of 10% (volume fraction). The main
component of the surfactant was flavolipid-9U,9U, and the methanol-aqueous solution (the
volume ratio is 1:1) of the surfactant crude extract had good emulsifying ability for liquid
paraffin oil. In the medium with 5% diesel oil, the strain GW9-17 showed the diesel
oil-degrading rates of 40.1% and 57.3% at 4 °C and 28 °C, respectively. [Conclusion] A
psychrotolerant strain, Pedobacter sp. GW9-17, efficiently producing the surfactant with a low
molecular weight was isolated from the Antarctic soil. The product demonstrated the potential
to degrade alkane pollutants and remediate the low-temperature environment of oil pollution.
Keywords: biosurfactants; flavolipids; Pedobacter; diesel oil degradation
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PERM,
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AT P R PR B A AR DG, IR AR S A= ™
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1.1 ##
1.1.1 #&

F 5% 43 15 DA R Y L S R AR B R IR FE R
PR, 2 59.003°W, £hE 62.210°8,
1.1.2 EHFE

R2A ARG F:3E(g/L): R2A T 18.0,
Jg 18.0,

R2A WiRRE S (g/L): R2A T8 18.0,

MR R2A JEREEFRIE(g/L): FREE TR 1.5,
PR/K SRR B 3.0, BEEREE M) 3.0, KoHPO, 1.8,
MgSO, 0.6, CiH;NaO; 1.8, &AM 1.5,

1.1.3  EFERXFIFLES

deah, o EAE TERGBRAR; $24 K
el G, L ESEERHARAR]; 2xTaq
Mix FIZHE LN 4] DNA $2BUAF &, R4
FHE AR A BR A ] o i s, BARE B iR
Ny TR R, PERRES A PR 5 Rk
WA I, B A RAF; iR,
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wls RS, RIBREIERE IR A E]; S
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1.2 EMS BEHIE

BUS g - 3ERE I A TR A= BEER K IR A T
Mk, TRAnTIEIA R2A H5500E, 15 °CHigR 12 i Z
FAPATVE R, PRIk AN [R5 10 BRL TR Vg 04 7 R e 4l
LB Z15 B A IR bk . ik RREER T R2A
WARRE SR 15 °C . 180 r/min YR 15 5% 48 h,
TEREFRMAP A 20 mL ZE48K, i AJLIG 5+
HIZL B 53, R SR A1 2E A TH B, B—
T RO A2 b, SRS HEMIE , R
) 5 B B e 7 2 T T e )2
1.3 EHMBETE
131 BEEESUE

PRECE PR AEVE TER R2A RKEFRAL it
=X AL, 15 °CHi5 3 d G AamEs. &
P22 YL o) A T 22 R, SRAIE S
HL T A T OB S AR
1.3.2 &k 16S rRNA EE F5 24

FHANTE SE R 21 DNA $ B S 4 B ik 2
(Kl 21 DNA , >k JH 48 & @ ] 51 ¥ 27F
(5-AGAGTTTGATCCTGGCTCAG-3")Fl 1492R
(5'-TACGGCTACCTTGTTACGACTT-3") #f 17
PCR ¥ #4, PCR RMWAKFR(50 puL): 2xTaq Mix
25 uL, #aik 22 pL, FEHZIP(10 pmol/L)
1 pL, J51%(10 pmol/L) 1 uL, ik DNA
(10 pmol/L) 1 uL, PCR 254 : 94 °C 5 min;
94 °C 1 min, 54 °C 1 min, 72 °C 2 min, 30 MM
¥R; 72 °C 10 min, PCR 4" # =ik R A Y (F
5 /A1 B i | O | & 2 S 2R 1 A e
A2 % EZbiocloud (www.ezbiocloud.net)#£47 16S
rRNA FEH PP FI XS, B AR 48 e B s o TR Ak
16S rRNA FEH AT 25 F A MEGA X 17
ClustalW Z 751 LT, {#H p-distance 1R
RIWERFE LT,
1.4 GW9Y-17 EHRE K Z& N E

¥ GW9-17 B TE A0 T 50 mL R2A Wik
Brgesd, 28 °C, 180 r/min #R¥% 1535 24 h 1N

Tl o ¥ 5% RN 4R T R2A W MAR: 95 56
28 °C. 180 r/min IR 1577, B:Ma 2 h BUFE, DiasH
R2A WS IR, R {SGNE ODeoo o
1.5 EMmEFEKEENRERABIES
2-4:0L) 04

AYRIE 1, 4,10, 15, 20, 28 il 32 °C N M
FERTE R2A [EIASE IR By RARDL, e
B il AR KR, IR M I B R T R ks R
R AT
151 BRZEMERE

FIPH B PR 2Ry AR S AN R B . R
FITCHLER XS AR GWO-17 B i3 1 176 7 577 it 5%
i) o 43 0 6 BBCRA T (PT VS P DE Y | A B L TR
HEp . FUBAIR B LA e Z40), WINRE R
6.0 g/L; AIRCGEMM . BERERM . 4 RER .
FREE (1R . NHSCLFIRR /K S B 1), WS IRy
9.0 g/L; JoHlEE RHAS N : C3H3NaO; 1.8 g/L .
MgS0, 0.6 g/L. K,HPO, 1.8 g/L Fll KC1 0.8 g/L.
R E 28 °C . $¥k it 50 mL/250 mL ., #EFh &
10%. 180 r/min & 7 d.

1.5.2 B BEMCI it 36 F 0@ 5z E i+

B R SR BT e, AR R Y
M) 7 {28 Ak 7 ), A SRS I e Sk 1R 6 A
g, BAEE 3 AT,

R 5 B MCB I 06 25 SR A 2 it L LU
MITCALERRY 3 K . 3 K. 5 AH ORI S
17 435 i) Box-Benhnken (BB)i 1 [l 56 . K
] Design Expert 8.0.6 24151 70 b 1HT 40 BT, 15
FIFS R A
1.6 FHEMFNERSEEWERE

¥ GW9-17 LG5 AT 50 mL R2A Wik
Rt 28 °C ., 180 r/min R 1% 9% 72 h WAET#
W, 3000 r/min &0 5 min, FJCHE/KIGEEA &
PUVE 2-3 K, W B i L 6 JT0E S 8 000 r/min
20 5 min, B EE FIFWGE 0.22 um A HLYE K
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J&i F 1 0 A €6, 925 (high  performance  liquid
chromatography, HPLC)i#F—# 4248 . HPLC ¥EAR
. WA N 1% R OHR, H IR .
0— 5 min: 5%, 5-35 min: 5%—100%; Fa ik K
200-600 nm; i 3 mL/min. 7E_FiRSEAE FAY
5 IRVENL A TAhAER 78% HH FE+1%0 — 3R
2R, KK 200-600 nm, i 3 mL/min.
WS A TTTE ) 2 57

F LN =B RS R B A
LA R 2 T 5% T ZH A EI(DMS0), A
W 6 45 v 647 2 G JE AR I 1% (nuclear magnetic
resonance, NMR)JH1 Flf# AT 2544 .
1.7 FRHEKNDEHEXIEFRKRERNE

gk 30 mL 1557 7 d BB 12 000 r/min £
O 15 min, F IR BV ) 2 105K T ME .
% 2% Bodour % PN 2 s 5L WS o (A (critical
micelle concentration, CMC)AYJ ¥, il 0.
87.5. 175,250, 500, 1 000 #1 2 000 mg/L pH 7.0
P, e IR ROk B S R T sk
Ho R, FELALEE =9 CMC.
1.8 FEFEMSH
1.8.1 ZFLILEEN TG

1 50% FH P 8 1 ) AS [+ i 2 1 T R
WeRERBIE R 0, 87.5. 175, 250, 500. 1 000 Al
2 000 mg/L, HFIRAARA W 5Pl s 1.5 ik
A 10 mL BB, FIZRY 1 min
JEHEE 24 h, WEILEBCRIFITFE AR
(emulsification, E)*!, iR HE L 3 1K,

E(%) = h )xlOO

(H+h
L h BEALEEE; HOhZ S,
1.8.2  LEiMPEARRE NiTM
TEE R R2A R FR AL A 5%,

10%. 20%7F1 30%H S4mE 3SR AL, DL 5%
PR R MR GW9-17, 180 r/min 5544 F, 43
WITE 4 °C5 28 °CHi3% 7 d, J11 10 mL 3 kA<
U % 5 v R R i 14 S0, B S Il R A R

(degradation rate, D), HIREE 3 K.

Mo, —M s
D(%):( g E(Hﬂ%)xloo
i
M e N ZEBUS B9 Z BT 5 M mw A 10 mL
BB TR ; M s DA RS 57 3L A 46 427

JR Y,

2 ZERE54

2.1 BEHRBYTHIE R RS MER

FIAT R2A [EARE 32 505 BRI 0L )
PAG— BRI & R AR TR R, TR 2
ke o, iR R, FERR, w5k
GW9-17 (Kl 1A). Htk GW9-17 7E R2A W iAKS
FRIEPEEFE 024 h B ERM €, JEHHEE AR
JtEA, fEEAAATEHIE 1B).
ZRPEE, BHOEEWEZAFRE 10).
A R HE R 1 (B 1D), U A Bk
GWO9-17 BENE ™ A= FRTHITE 0 o R 2 1 i 1 7 8
i T L A B B 2 R T e e AR 1k
O TLVE T R S MR UTEY)
2.2 E#k GW9-17 #J 16S rRNA EE F7I
o

SRR GWO-17 HE4T 16S rRNA J [R5 3
#2232 2 EZbioCloud (www.ezbiocloud.net)iF 17+
IR, S5 EIRERE GW9-17 5 Pedobacter
alluvionis DSM 19624 {1 168 rRNA 3 [H J¥ 51| #]
R, K% 98.7%. HFE 15 MHIMER S
1) Pedobacter J&brifE F ik 16S rRNA JE[K 341 i
17 ClustalW Z 5 U X FIAR 475 R G0 & B A
BHRF K E N 1 378 bp, b fE AR
Mucilaginibacter polysacchareus DRP28" f#] 16S
rRNA EH A RAMEE 2). RER B ER
Pk GW9-17 5 Pedobacter alluvionis DSM
19624" Lk 95%[1) H R {EAL TRl —dF b7 3, 45
AR GWI-17 BB AWER , W45 % P ik
GW9-17 y + b #F 15 J& (Pedobacter) & 1
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ol e AR 500 nm

1 Htk GW9-17 MBS WMBRIFE A ik GW9I-17 MEIAEFIELS. B: Ktk GW9-17 1£ R2A
WG TP UITE. C: Wk GW9-17 B BHUEAS. D: WPk GW9-17 TR HE
Figure 1 Morphological and screening observation of strain GW9-17. A: Observation on colony morphology

of GW9-17. B: Precipitation in R2A liquid medium. C: Micromorphology of GW9-17. D: Oil displaced circle
of strain GW9-17 fermentation liquid.

P T o Rt

! 1 ! | |

0.040  0.030 0.020 0.010  0.000

2 EHk GW9-17 T 16S RNA EEFFIMEMARZLEN /8 ERECFRRA 1000 4~ [2%
1) bootstrap [H(ILBA KT S0%IIME); 55N HWSH FE 16S tRNA ZE K754 GenBank % 53¢
Ty HBIRFRI R, 0.01 F/R 1% kR

Figure 2 Phylogenetic tree of strain GW9-17 based on 16S rRNA gene sequence. Bootstrap values are shown
on nodes in percentages of 1 000 replicates, when greater than 50%. The accession numbers in the GenBank for
the 16S rRNA gene sequences of the strains are given in parentheses. Bar, 0.01 substitutions per 100 nt.

2.3 Bk GW9-17 BiE K i 2k 24 EHREEFFHRINNEELL

Wik 3 R, Btk GW9-17 7£ 28 °C. 180 r/min =~ 2.4.1 BMEKHKEEE
ORGSR A% PF FHESR 0-2 h WAEHEI, 2-20 h Ak FEA I FIC% 1 I PRESS IR 7 d 9
oW, 20 h JGEWIHEARAEN, 30h LIEEAR  AEREIER D, SRR GW9-17 y—Hkie
T4, T HIAFE, 7E 1-32 cCHyn A K, 7E 4-28 °CHf
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Figure 3 Growth curves of strain GW9-17.

®1 FAREET RA EFREHFELEFK
GW9-17 £ IRE

Table 1 Growth status of strain GW9-17 on R2A
solid medium at different temperatures

Growth status (culture for 7 d)

1 +

Temperature (°C)

4 ++
10 ++
15 +++
20 +++
28 +++
32 ++

37 -

+: ARERCRE, HBRESARERBIER; - THRAEK
+: Growth state, the more + means the more vigorous growth;
—: No obvious growth.

AREL, T 37 CREAK,
242 BRFRBMUER

B ZAR I A 25 R BN, AT TR A
PR GW9-17 & BAE P2 1 P 70 i e s s, 7™
Yk IR H) 0.86 g/L (Kl 4). BRE M ERILA
U, PRI REIRF)] 2.39 g/L (K] 5)., JoHLER Tk
(K 6) s, TEM R BLA R2A Bi = 10 S Al
NI B, C3H3NaO;y X A= 92 i1 P71 p= i 5
Wk, P ERE] 221 g/L, WL
C;H;NaOs 1E Ry hiy B i 1T 3 AR i 45

BN [R SR EE R B i LT, W KoHPO, 1Y
FEEALTUI KCL By/7 i, HkiE A K,HPO,
YERERER

0.8 o )
) P
2067 % % ,
02 % % 77/ % %

0.0

1 2 3 4 5 6
Carbon sources

B4 T ERRREXE R GWI-17 REE M =2 89
A 1: FEWE; 2. Wb, 3. AlAPEER; 4:
HEah; 5. LB 6. ZF4ERM

Figure 4 Effect of different carbon sources on
surfactant production of strain GW9-17. 1: Sucrose;

2: Glucose; 3: Soluble starch; 4: Mannose; 5: Lactose;
6: Sodium cellulose.

1.0 . // %

Nitrogen sources

El5 FREERFEMNEKGWI-17 REEFEMLEFIF=EH
g 1: FRER; 2: NHCL 3: FRKFFIS SR
M 4: BERERFRY; 5: O 6: BRERK

Figure 5 Effect of different nitrogen sources on
surfactant production of strain GWO9-17. 1: Beef
paste powder; 2: NH4CI; 3: Acid hydrolyzed casein;
4: Yeast extract powder; 5: Peptone; 6: Tryptone.
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)5 2.4.4 iRz EIR G 25 R

o DLt (Y) R AR, SRR R R K H

20 VS 0B AFT R R AT VS PR TE 3 (A B2 11 TR (B)

215t 7 C;H3NaOs (C) £ R AT i i g, 12

5 R S5ACEEER 3, st RE R L% 4, T

SR EHTEERILE 5,
05 XFER 5 BRI B s A T 200 Rk EE LG
ST FRTANE PR R ™ i g AR w5 R R

o
<)

MgSO,

K,HPO, KCl
Mineral salts

6 AREIZHEIEHGWI-17 REFMEFI~=2
RIZ M

Figure 6  Effect of different mineral salts on
surfactant production of strain GW9-17.

243 HBRERKREIZITRER

I BENCH R IG5 R (R 2) B, 5 2 4lR)E
BEEEIG LR, BERE GWO-17 3 TH TG M9 o
e, 5% 2.8 g/L, HILBEAL 2 45 hh
O ACHEAT I 20 N T 43 BT i

*2 ERERERERITRER

Table 2 Design and results of steepest climbing tests

Y=2.20+0.23A-0.91B+0.23C-0.15AB+0.21AC—
0.13BC-0.80A’-0.49B>0.63C>, 3 5 mJ%1, i

TR A D RE R E(RAE) A IE D2 BB (Roaq 1)
394 0.995 6 F1 0.990 0, WA (4014 L BE
RIf. AR s . BRI P<0.000 1, 25 E
LRI PN 0.288 2, 2% FON B 3 (P>0.05),
ULRIZAE R AT . g 5 A, 45 R sibk
GWO-17 1143 A& 4 7] 7= Sk 52 Wi 19 2 kI Sy
B EE 11 > T VA PR Y Ry >C3HaNaOs,  BIE AR 11
RS e R, UG A T TE Ry il C3H3NaOs.

F (B0 5 5 R RN 28 0 ATl Al i, B o — R 5
A. Bl C, kI AC, A, Bl C Xt =HEfy
SRR R 2 (P<0.01), FLARIIE M i 2 (P<0.05).

Group Soluble starch (%) Tryptone (%) C3H;3;NaOs3 (%)  MgSOy4 (%) K,HPO, (%) Yield (g/L)
1 0.60 0.90 0.18 0.06 0.18 1.84
2 1.20 1.80 0.36 0.12 0.36 2.80
3 1.80 2.70 0.54 0.18 0.54 1.56
4 2.40 3.60 0.72 0.24 0.72 1.34
5 3.00 4.50 0.90 0.30 0.90 0.29
6 3.60 5.40 1.08 0.36 1.08 0.15
F3 MEEREERRITS5KE

Table 3 Factors and levels of response surface tests design

Factor -1 0 1

A (Soluble starch) (%) 0.60 1.20 1.80

B (Tryptone) (%) 0.90 1.80 2.70

C (C3H;Na0;) (%) 0.18 0.36 0.54
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R4 WEEREIRITRER

Table 4 Design and results of response surface tests

Group A (Soluble starch) (%) B (Tryptone) (%) C (C5H;Na0s) (%) Y (Yield) (g/L)
1 0.60 0.90 0.36 1.43
2 0.60 0.90 0.36 2.11
3 0.60 2.70 0.36 0.02
4 1.80 2.70 0.36 0.11
5 0.60 1.80 0.18 0.50
6 1.80 1.80 0.18 0.60
7 0.60 1.80 0.54 0.52
8 1.80 1.80 0.54 1.47
9 1.20 0.90 0.18 1.69
10 1.20 2.70 0.18 0.02
11 1.20 0.90 0.54 2.41
12 1.20 2.70 0.54 0.22
13 1.20 1.80 0.36 2.16
14 1.20 1.80 0.36 2.19
15 1.20 1.80 0.36 2.24
16 1.20 1.80 0.36 2.31
17 1.20 1.80 0.36 2.10

*5 BEREEMAESH

Table 5 Variance analysis of regression model

Source of variation = Quadratic sum DOF Mean square F value P value Significance
Model 13.70 9 1.52 176.98 <0.000 1 ok
A 0.41 1 0.41 47.92 0.000 2 ok
B 6.59 1 6.59 766.04 <0.000 1 ok
C 0.41 1 0.41 47.76 0.000 2 ok
AB 0.09 1 0.09 10.29 0.0149 *
AC 0.18 1 0.18 21.14 0.002 5 **
BC 0.07 1 0.07 7.86 0.026 4 *
A 2.68 1 2.68 311.94 <0.000 1 *E
B’ 0.99 1 0.99 115.41 <0.000 1 *E
c? 1.68 1 1.68 195.24 <0.000 1 *E
Residual error 0.06 7 0.01

Lack of fit 0.04 3 0.01 1.79 0.288 2

Error term 0.03 4 0.01

Total 13.76 16

*: P<0.05; **: P<0.01.

IS RYTH R I I AT R TE R (A . IREE IR SR IR B R B I (g/L) . ATV TE
(B)Fl C3H3NaO; (OB TN 051 1.80% ., 18.0, BEE MK 9.0, C;H:NaO; 4.4, K,HPO,3.6
0.90%7#11 0.44%, FMI MR AE R 2.3 /Lo L, A1 MgSOy4 1.2, & BiF i I ik B e A 1 7 3L il
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J5 s B 7 R (3.0£0.5) g/Ls
25 NS ERASEESER

M GW9-17 KW Hh i ULTE ™ & Al 3k
(3.0£0.5) g/L, % T DMSO. el Z BraE47Hl
VS, T K 7 R R U e A A
K HPLC Zrdr s (& 7A), HEYRE
H 0,46 33 min HI—A> F W IZIEAE 218 nm
A fe R A 5 2k T o e T ) SRS TR Al
H A6 i shAH ) HPLC 23047 2 (] 7B)FE 21 min
HBL— AN B A0 L 1 B RO
218 nm, W IE MBIy 7 M) N Y 22
VgL, FHAr S NED 1.

A 1.6
’ 2.0
L4t 5
1212 1 ol)
= 1oy
1.0} o5 V'
2081 0.0
06/ SIISANENIS
0.4 Wavelength (nm)
0.2
0.0 L
0 5 10 15 20 25 30 35 40 45 50
Time (min)
B
2.0
1.8
1.6 ;\
1.4
1.2 200 300 400 500 600 700
2 1.0 Wavelength (nm)
0.8
0.6
0.4
0.2
0.0
0 5 10 15 20 25 30
Time (min)
7 LHRE RN A)FIIEM E IR S HEB) R
HPLC S4B BIh & Ef/NE BN T A

HPLC Z3-#r &1 b 3 2 o3 i e RO B2

Figure 7 HPLC analysis of variable gradient
mobile phase (A) and constant gradient mobile phase
(B). The upper left small figure shows the maximum
absorbance of the main components in the
corresponding HPLC analysis figure.

it IRA A Y 1 o AR A, 1K
RS FE ESIMS T mvz 667.69 Ab &k IR
[M+H]' %, 254 'THNMR, “C NMR ¥4 (55 6)
HEMRZ LS P 7372 CaaHeoN4Oo, KU E A
7SRRI . 1ID-NMR 508l stk 59 1 5 F
4 AHIE 7T AW 4 MR 1T MRE
2N AR 2 AU, SERes
¥ flavolipid-9U,9U (& 8)WAZRERIE—E, #isE
&Y 1 B LAY - Flavolipid-9U,9U “h—Ffi
o> TR RWIEER], & Bodour &1k B4
R, HAWSRMRYER RIFRFLIRE ST, &
PERBAT 1 ANFFERR A 2 AN BRI, AR
MRS A 2 AN 6-10 MNRIE T RYBESL 088 . TR
TP R GW9-17 B X 2 LA flavolipid-9U,9U
R E T AP R T TSR SRR A flavolipids.

*6 {L&%1 8 "H (600 MHZz)F1 *C (125 MHz)
NMR ##7E 7 #r

Table 6 'H (600 MHz) and "°C (125 MHz) NMR
data for compound 1 (DMSO-dg, TMS, 6 ppm)

No. oc oy (Jin Hz)

1 175.5

2 74.0

3 43.7 2.43,2.51-2.53, m
4 167.0

6 38.9 2.94-2.97, q(6.4)
7 29.2 1.33, ov.

8 24.0 1.17-1.20, m

9 26.3 1.48, ov.

10 47.7 3.47,1(6.9)

12 165.8

13 120.5 6.49, d(14.3)

14 145.7 6.61-6.66, m

15 324 2.13,q(7.1)

16 26.3 1.36, ov.

17 38.5 1.11, m

18 27.8 1.49, ov.

19 23.0 0.81, d(6.7)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR MRS R 7 R R 1 e AW 3t AT R 10 20 8 B LR 1

3295

8 Flavolipid-9U,9U BY 45+ [E
Figure 8 Structure of flavolipid-9U,9U.

2.6 XRMEKAF CMC BNELR

25 IR, Pedobacter sp. GW9-17 ()35
IR EIE WA R T 5K T PR 42.5 mN/m, RTH
THE I ) TRV 2 5 P R AR e T ) R R
WE 9 fra, ME AP R EYER] flavolipids
#J CMC ky 112.59 mg/L.
2.7 GW9-17 =4 flavolipids BYZ. 1t &

XEAS[RI MR B flavolipids-50% H 5 % W i1 7
FUALRE ST TR A 25 B R 50% A9 7K - H IEEA TR
XA A —E W FLILRE ST, HHE 24 h
JaFLALFEEGE R 30%, 1H flavolipids ¥ 54351
62.5. 125 F11 250 mg/L BHFLALAE STl Bk,
E 24 h 5 LA TE R B 100%, T Y
flavolipids ¥ JE ik %] 1 000 mg/L F1 2 000 mg/L
WF, XA s f LA B RIAE T, R
24 h Ja 7L ALFE E o i BEE] 10%F1 0% (& 10 Fi
E 11).

T 45
40
35
30
25
20
15
10

CMC=112.59 mg/L =0.9775

Surface tension

r=0.6779

0 500 1000 1500 2000 2500
Concentration (mg/L)

& 9 Flavolipids BYllE FEEFR K E
Figure 9 The CMC of flavolipids.

2.8 EIH% GW9-17 P& RELE M EE I G
30 o T 25 R TS H A ST R A 2 A A
12 iz , NES SR AT LU HTE 28 °CHI 4 °CIEL T,

Witi 5 Sl vk B 1y F T, @*ﬂa GW9-17 Wt Hipe s R
WHEZ N, 16 5%M S8 &5 R iR e,
28 °CHYF- Y R i R A %) T 57.3%, 4 °CHY -5
fERIRE T 40.1%,
100 fe-o—
80
é
§ 60
% 401
E
20+
0 1 1 e
0 500 1 000 1500 2 000

Concentration (mg/L)
E 10 F[ERE flavolipids-50% A EEA A FL 1L
BE
Figure 10 Emulsifying capacity of 50% methanol
solution of flavolipids with different concentrations.

& 11

FRIKE
24 h FEIFL LR L

flavolipids-50% BH B2 /A iR 52 B

Figure 11 Emulsifying capacity contrast of 50%
methanol solution of flavolipids with different
concentration after standing for 24 h. A: 0 mg/L. B:
62.5 mg/L. C: 1 000 mg/L. D: 2 000 mg/L.
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—— Diesel degradation rate at 28 °C
—»— Diesel degradation rate at 4 °C
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Figure 12 The degradation rate of strain GW9-17 to
different concentrations of diesel oil.

3 Wit

A it B 53 R i A 455 A A 0 B B A
Py B LRI, H R O PR AR W B 3R TE
TEPERS R T WF98 A D1 AR RO - Al L IX
GG FE T4 . SREANUV)SR S AT e iR
Tk B2 U B 55 0% 5 W o PRI SR 2R T R ey
A P BT IR AR BT B A ™ 1, A B
G507 G IR AT I P 2 A M fl 2 1) — A
i A s 0, A L - SRR W e W B Pk
50%J8 0 HA 7 A A R NS PRI RE T, R
AT R AV T A5 7 S 425 40 v 7 o T R T
PEFAE P BRI, X4 o A 0 2 TV 390 1 2 4
ARV T3 B SR IR BE AU B A 40 2 T 1 790 1 4
JTREAEEE X,

AR5 38 38 HE T R 7 1 DA R AR g b oy
A5G —Fk + Hb A 4 & (Pedobacter) F bk GW9-17,
AP F R R NG PR flavolipids, Z815774%
PEOEALSE AR =4 7= 5 il 15(3.0£0.5) g/L; TRtk
GW9-17 flavolipids ) CMC 24 112.59 mg/L,
flavolipids-50% FH B W Hh X A7 BT A B0 1) 5L
bk, Bk GW9-17 X 4Eih AT — & iy M A

FH & 302 1 IRTE R I A S Hh 43 1 01 4 B A+
Y EmEMER flavolipids, AHFSE Bk
GWO9-17 KGR FE A5 flavolipid-9U,9U
HA MR #4580, flavolipid-9U,9U #x F-ih
Bodour % M YR A W B AR L
Flavobacterium sp. MTN11 (P iy 44 & Pedobacter
kyonggii) - 43t S 5E . - HUFF B & (Pedobacter)
9 4 AT B 1] (Bacteroidetes) # 44 W 4T 1 Bl
(Sphingobacteriaceae) i it , 7E H AR I 4G )12 43
i, Sigurbjornsdottir 25 2E Y -Jb M i 2F A4
T R - e N N 7 e e S TR = )
Pedobacter Bk, (HXTRARAAERFEE . P26
RUFNGEE) 18 A — T . R A RS A T
PR A ) 2 TG T P R A S AR R 3D 98 N A
R IR K | RN G SR i rh o3 i 3 D e R
TSR A A9, AdE ™ Bg IR Bacillus sp.,
7 OB B 2% 2% 1w M R % Pseudomonas sp. .
Pseudoalteromonas sp. . Pantoea sp. . Rhodococcus
sp.fil Nocardia sp. 55 R A=Y, HARWMAYA
7T BE WE R BE MR I OlE 28 R s R By
Moesziomyces antarcticus'! . A< #f 5% 1 T kk
GW9-17 e UM\ T Wl PR 45 v 73 B AR A Y 7 %
TET Y P ) - AT R TR, 28 16S rRNA BE[H )7
¥ b XF i %€ & Pedobacter alluvionis, H. 7F
4-28 CCHRK BRI, P58 1 AR TS 157G il
AR BT

Itk GWO-17 TE AT AAS: SR 774 K
FARRRIE L, S T7K, iX— £ 5 Flavobacterium
sp. MTN11 74 flavolipids ELAG I @225, 4]
A PSR, BFRE MTNILL 724 flavolipids
PRARG, fAF] 0.05-0.1 /L, 1 GW9-17
PRI R PR oA (2.0£0.5) g/L, GRS
JEAIIK(3.0£0.5) g/L, e BE AR MR HNE PR 5
MIEFREL P AT I ULTE . 34—l R Ay S )
J&, Bodour 25T & Bl Bacillus subtilis HAZ2
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M GAL-5 #A] A A — 2 fe Bk R G vEsf, 2
HARm K I AR A B 220, BRI R
PR RS PEFNR S A s AR, A 2=
T H R TR S 78 1) 2 T M AR A e 2 B SRR AR
ol R A, RS R GW9-17 Fil MTN11
HB AT LA B flavolipids JE T PEF , {H BIkE A
f) 16S IRNA JEH P4 R0 L R R B (A 2),
DR 38 A1 ] 300 VPR ke 81 S 194 2% T3 P ) LA A
) A 143, DA 28 B0 1 38 A P s 5 o e (L
(CMO)R 25+, Hikk MTN11 14 flavolipids /=4
35 37 A, HRETHE K GW9-17 P i A&
56 AR S AL S, TR ST T X
GWO-17 =4y HAth 4 73 4k 2 30647 4l Ak J Ak
SR AT

7t Bodour ZPHF5EH, Hkk MTN11 72
Yy flavolipids J&—FP RAFAIFLALH, T 10%257H
W) 7L 4k B8 J1 T ik E] 100% , A B 5 P
flavolipids-50% H s 5 W B X VAR A B A 100%
PIFLIERCR , (BAEMR R 1 g/L mFL AT 50T
GRS R R, B XTI AN Gt A 2 3 e 2R RL Y
WF5E . Peng 20V BH 24 11 15 177 Tween-80 Al
Triton X-100 FVEEILF] 5 g/L J5, HXTZHIS
T J5 1) T A 38 SRR B4 n ST RIS, R AT A
flavolipids HA AL BT, AT T bl 2 Tk
T 5 R A A B v ) LA RO B AR A SR

2 AL T A W 2 T P R AT LA S
T PR A, 8 A 45 5 PR BE R B 4 R
F 48 v PR TS 51 (mobilization) i, DA 2 5 6k
A=t B 2 A ) SR G WK S T A W K SR R Y
AR RN DR XA I - 39 P e T R 4 11 SR
i BT BB AR A o DU A AE W 2% 1T T 4 A%
R4 A S AR R Bt A AR,
Kitamoto 2% B9 ‘% B g #% % & § Candida
antarctica T-34" 4 B A A& 49 2% 1 76 P 57) — ko
8 L iR S i BE 08 W W b A T I R oK

UKL SR AR R AE A A 2 8 E AL AR DX Py A
HR A3 B MR 7 SR TAT I R %) b AT BT, X
AP 2 T R 1) 200 T T A AR o B R
HEAESE XY, RAMENFEK GW9-17 7=
) flavolipids f 24 A5 D RE R 7ERIR T4 Bh T i bk
BEA iR FH R B o e R 22 95 e S A R B, L)
TeBU UK AR SR AE A, TR i A i A= i
A, Bodour %57 HY AR 42 1T T R 548 B
L) I/ IN 22 S S X LR R I R A A =k T
b AR TE R A G, R, ARV
Pedobacter sp. GW9-17 & [ 16 17 7= 4 i 1k
JoT FEAE N FH AR o8 o it — 2D TR A SE R 22 T
G3HIT, LARR S0 RN 58 35 B AR TG T AT 127 A= P 2%
T 1 700 8 B M B S5 T A5

4 Hip

M EIR R A — k= ™ flavolipids ) 1
HiAF B GW9-17, Flavolipids A R 7 fFL I RE
W bk Pedobacter sp. GW9-17 {1k — #k & 7™
flavolipid-9U,9U W RME, EA KB
FEME, XHIRIRIREE T A s Y R R A B
HAEE ARG
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