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Abstract : The effect of thamnolipids on pyrene degradation by Pseudomonas sp. GP3A was investigated to explore the interrelationships
of biosurfactant, hydrophobic substrate and degrading bacteria. The cell surface hydrophobicity, lipopolysaccharide, hydrogen bond,
bacterial biomass and pyrene degradation were determined. The results showed that the apparent solubility of pyrene was enhanced
significantly when the concentration of rhamnolipids was higher than critical micelle concentration (CMC) of 60 mg-L~". Biosurfactant
can increase the cell surface hydrophobicity by releasing the component of the cell wall-lipopolysaccharide; With the increase of cell
surface hydrophobicity from 12% to 55% , bacterial biomass increased from 4.4 x 10° CFU-mL™" to 1.2 x 10" CFU-mL™",
corresponding with the increase of pyrene degradation from 16% to 44% . Meanwhile, hydrogen bond was formed between biosurfactant
and bacteria, which was beneficial to hydrophobic substrate degradation. The half-life of pyrene was shorten significantly. The average
residual rate of pyrene in 10 days was 81% without rhamnolipids, but decreased to 57% ,41% ,33% and 26% , respectively with the
addition of 20, 50, 200 and 500 mg-L~" of rhamnolipids.

Key words : thamnolipid ; cell surface hydrophobicity; lipopolysaccharide; pyrene; biodegradation
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, ). (MSM)
, pH 6.8 ~7.0; 121°C 101. 33 kPa
4 (PAHs) , 15 ~20 min.
:10 ¢ ,59¢ , ¢
) N N NaCl, 1 L , pH 7.0.
: : 5gL7
PAHs , 0.06 mL , 100
mL ,
1 20 mL. MSM, ,
15 mg-L7"; s .
1.1 ,
GP3A ( Pseudomonas sp.
GP3A) . 1.3
1 [y GenBank 1.3.1
EU233280.
1 mL , , sl
50 mL 35°C . 150 r-min " 10 000 r+min~"
12~24h ,8000 r-min"' 10 min 20 min, (NaCl )
, 3 , 50 mL .
’ , (pH 2
), )
1.2 , -20C
( pyrene) Sigma ,
98% ; KDO(2-keto-3-deoxyoctonic acid) , Sigma Esquire HCT PLUS LC-MS.
; (AR,9%6% ) ; : , :EST ,m/z
450°C 4 h, ; 100 ~ 800 ,m/z
, ; : 100 ~ 800;
, 72 h, -128.5 V;
; 1.3.2
) ) N ) 5 gL 0.03
120C , , ml 25 mL , )
10 mL (20, 50, 60, 80, 100, 200
(MSM) ' DMgS0, 300, 400 . 500 mg-L") ,
:22.5 g MgSO, -7H, 0, 1L; @ 2 h,
:8.5 g-L”' KH,PO,,21.75 g-L.~' K,HPO, -H,0, , 25°C,50 r+min "' 24h
33.4 g-L~' Na,HPO, -12H,0,5.0 g-L~" NH,CI, 10 000 r-min "' 15 min
1 L; @FeCl, :0. 25 g FeCl, -6H,0, , SmL ,  2mol-L™"
1 L; @CaCl, :36.4 g CaCl,-2H,0, HCI pH 2.0, 2
1L; ® :39.9 mg MnSO, - H,0,42. 8 , 40C 5 mL
mg ZnSO, - H,0,34.7 mg (NH, ) Mo,0,, -4H,0, ( 3g),
1 L. MgSO, 3.0 mL, 1.3.3
5.0 mL . FeCl, 1.0 mL. CaCl, 1.0 147 Agilent 6890N
ml 1.0 mL, 1 L( (FID, HP-5 ) ,
800 mL , 90% ~ 105% .
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280C , 300°C , 80C,
2 min,15 °C +min "' 280C, 3 min;
N, 2 mL-min~', H, 40 mL-min"", 400 (12 ~24 h), ,
mL-min~'; , 1 pL. ,
1.3.4 35°C , 150 r+min " 1h ,8000 r-min""
(240 h) 24 h ,
. (15 mg-L_l )
, 2 mol-L-"  HCl ,35°C . 150 remin~"
pH 2.0, 2, 6d , )
40°C 5 mL ,
( 3g), , 3 ( 10°, 107, 10°),
, 1.3.3 3 s 30 ~ 300
1.3.4
(%) = x 100%
1.3.5 1.3.8
B , 2 72 h
, 400 nm MSM 2,
1.0 , 10 mm 4 ,
mL 1 mL , 1 -50°C 24 h,
min, 30 min,
, 400 nm Nicolet 6700
(A): 1~2 mg , s
A(%):TO_TXXIOO% 200 mg , 2 ~3
T, min, ,
. T 400 nm , 4000 ~400 cm ™! ,
s T, 400 nm
3,
1.3.6 2
2.1
24 h ,
(lipopolysaeeharide , LPS) . , ,
2- -3- , 1~2
(KDO) ,KDO el | , ,
8 000 r+min "' 10 min, 1~2
0.1 mL (17, 18] (ESI)
, 0.036 mol-L™'  H,SO, ,100°C ,
20 min, KDO . ,
0.025 mol-L~" HIO, (  0.125 , (ESI-MS)
mol-L™"  H,S0, ), 20 min, 1
2% . 2 min, 1 ,
2 mL , ,100°C m/z 479, 503,
20 min. , 548 nm 649 , m/z
1.3.7 333, 476, 677 530 531.
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Fig. 1 Mass spectrum(MS) of rhamnolipids
1 R
Table 1~ Structures of the rhamnolipid congeners
m/z
1 RhC,y 333 63[M-C,o-1] =, 169 M-Rh-1] ~
2 RhC,,Cq 476 69[ M-RhCg-1] 7, 333[M-C4-1] =, 311[ M-Rh-1] ~
3 RhCy Cy 476 141[ M-RhC,,-1] =, 311[ M-Rh-1] =, 305[ M-C,,-1] ~
4 Rh,C,, 480 163[ M-RhC,,] =, 169[ M-Rh,-1] = ,247[ M-C,,-H,0-CO, ] ~
5 RhC,,Cyy 504 3[M—RhC10CIO] =, 169[ M-RhC,y-1] ", 333[ M-C,y-1] =, 339[ M-Rh-1] ~
6 RhC(Cy5, 530 97[M-RhC,,] =, 333[M-C,,, | =, 365[ M-H-Rh-1] =, 367[ M-Rh] ~
7 RhC,.,C)y 530 69[ M-RhC,,,-1] 7, 359[ M-Cy-1] ~, 365[ M-H-Rh-1] =, 367[ M-Rh] ~
8 RhC,Cyy 532 169[ M-RhC,,-1] =, 361[M-C,,] =, 367[ M-H-Rh-1] -
9 RhC,,C), 532 197[ M-H-RhC,-1] =, 333[M-C,, ] =, 367[ M-H-Rh-1] ~
10 Rh,C,,Cg 622 247[ M-C,,C4-H,0-CO, ] ~, 479[M-Cg ] ~
11 Rh,CgCyy 622 247[ M-C,,C4-H,0-CO, ] =, 451[M-C,, ] ~
12 Rh,C,,Cyq 650 247[ M-C,,C,y-H,0-CO, ] =, 309[ M-C,,C,o ] ~, 339[ M-H-Rh, ] =, 479[ M-C,, ] ~
13 Rh,C,Cyp 678 247[ M-C,,C,y-H,0-CO, ] ~, 367[ M-Rh,-1] =, 507[M-C,,] ~, 531[ M-Rh] -
14 Rh,C,,C), 678 197[ M-H-Rh, Cy,-1], 247[ M-C,,C,,-H,0-CO, ] =, 367[ M-Rh,-1], 479[ M-C,, ] = ,531[ M-Rh] ~
1)Rh ; C, n 3 Gt n
5
1 . cMC ,
o 14
[19,20]
. 1~2 1 ~2 , .
B 8§ ~12 , 500 mg-L~"
2.2 , 44
2
2 ,
(CMC =60 mg-L™") , cMC,
, CcMC
’ 2 ’
’
cMC e ,
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; 500 mg-L'l), s 10
d, 33% 26%.
6 /I
51 )
T_j [16] )
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2 Table 2 Degradation kinetic equation of pyrene
Fig.2  Solubilization of pyrene by biosurfactant
ty,,/d 2
/mg-L_] 2 R
2.3 0 c=3.21e %% +11.95 0.98
3 20 c=12.18¢ " +3.15 11.08 0.97
50 ¢=12.76e " * +3.22 5.90 0.96
s 200 c=13.51e %22x 12 54 4.96 0.96
2 3 , 500 c=15.46 ¢ +0.81 52 0.9
, , 10 d
81% . 5d
. b
, (20, 50 mg-L7"),
, 7d 1 ’
- 200, 500 ‘L~
(20, 50 mg-L"") ( mg-L70),
2.4
( 2), KDO
, 10 d,
57% 41% ,
b
b
[23,24]
5 (200, [23~25]
’
100
4
%0 - KDO ,
[22]
. 4 ,
*
® 60 ,
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40 - —<4—20mgL! [26]
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Fig.3  Effect of biosurfactant on pyrene degradation
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