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W OE. R —REY RIS AR, 24 16S 1DNA K5E, FRAG AR N H 2R BRI 147 (Pseudomonas
aeruginosa 147) o KW P 221 W2 (3l ZLAMARG 73 BT HOR T 7 W) o MG 28 A= W 3 1T E 9] ( Biosurfactant, BS) , HLIA S ek 1
FAFAAL B R IR AL 53 0 AR AR il B ER B AN 2501, e R SRR 30 °C,pH (K 8, NaCIYR N 5 o- L7 FERAESRM T
Fi g% 36 h, REER IR TR E LSRR T 42.08 mN-m™, HAE P LR4F 2 144 ho 7E 108 h ZHEEY SRR, 8 2.63 g+ L7, i 7
ARG 2 AT ik 2.02 gL AR IS MR S [F) BRE T 22 PR 05 I o (0T BB R [al B8 ) I VA SR S IR R W] -« Bl AR Wy 4
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Screening of a biosurfactant—producing bacterium and biosurfactant characteristics
SHI Jin-li, ZHANG Yan-cheng, ZHANG Li-hao, ZHOU Jing, ZHOU Li-na, LI Hui-xin, HU Feng, XU Li"
(College of Resources and Environment Science, Nanjing Agricultural University, Nanjing 210095, China )
Abstract: A biosurfactant—producing bacterium was isolated and identified as Pseudomonas aeruginosa 147 by physiological and biochemi—
cal characteristics and 16S rDNA sequencing. The fermentation products were assigned to glycolipid by Thin Layer Chromatography (TLC )
and Fourier Transform Infared Spectroscopy (FT—IR) analysis. The optimal conditions for the strain to produce biosurfactants were peanut
oil as initial carbon source,(NH,),S0, as nitrogen source, carbon to nitrogen ratio of 25:1, pH 8, temperature of 30 °C, and 5 g+L™ NaCl. Un-

der these conditions, the surface tension of the fermentation broths could be reduced by 42.08 mN -m™

, compared with the control, and
stayed stable for 144 hours. During 108 hours of incubation, the bacterium achieved the maximum biomass (2.63 g+ L") and had the
maximum fermentation product(2.02 g+L™). The solubilization of different polycyclic aromatic hydrocarbons(PAHs) (fluoranthene, pyrene,
benzene [a] pyrene ) was increased with the addition of the fermentation products. At the same rates of fermentation products, enhanced sol—
ubilization of PAHs with high-ring(benzene [a] pyrene ) was lower than that with low—ring(fluoranthene, pyrene ).

Keywords : bio—surfactant; polycyclic aromatic hydrocarbons( PAHs ); fermentation optimization; solubilization
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RAIMERF 2R EIRRE T R

TG PR o T A R T 1 RS B B A 5 i
TR GE N LSRR YT A B AR R AR
PREEAE S i I T, AR ) T 0 1 0] A H AT BRI
F 5K Sy e FUAL R ESE AR T, 3 S
UENIEE S B (a7 N s e kil 2
W, RERE LA W58 R, 2o, HI &/, ki
AR, BT PR E A SR A 3 i B
Ve RIETEVER R A, IR T 23805 T
Jeryfe s,

Az Wy T MR B T AL Sh AR ) 20 i N 4
Bk (B BOE AR Y R B o R, S AR A0 i
AR IR A2 3 R R PR A0 i 2, 3 LR RS A= 77
it 5 IS 12 o Y e 790 1 ks A KRR A T LR
FHLCT &, Gl W W D A 7= T2 e B 2 UL
AR, RO EE A A R T PRk IR, HRT,
C AR Z A Yl & BLRE RS 7 A A= W) 3R TG P57
4N ZSERPUBZ B ( Torulopsis bombicola) i B 2F 1
1 (Bacillus subtilis ) . 57248 B4} F ( Pseudomonas
aerug—inosa ), P B 4R PA ML & 2 Pseudomonas
cepacia CCT6659" Pseudomonas aeruginosa S6!"ZE i,
WARIE . BT AR AR ) R THTE AR 2 H ATE 2 36
J TG Y BB S, s GBS S5 TR, A
Wy 2 TR 3% A R R34 Vs 22 B0 07 s I FL A 2 W R e A2
EREEME 38 AR i PR R L

AWFFELL PAHs g HARTS 3Ly, ik 7 AR Wy R i
TP ERR , I BT A1) Ry A= Wy AR TG
AR 25 AR TR A5 18 A 3R T A7) 0 i
W Z TR b Rl EE RSBV T, BIF T 4 A0
o PAHSs {5 L PR35 A8 52 BRI 58 32 1 7 bk 5% AN
SR BRIR S

1 MHEFE

1.1 14

KA B SR B R b vk B 1
R P T RS TR U R e IR AR S R
1.2 ik ERESIKH

B4 B #E 3E  (NH,),S0, 10.00 g,KCl 1.10 g,
KH,PO, 3.40 g,K,HPO, 4.40 g,MgSO, 0.50 g,EDTA
1.00 g, [ EERY 0.50 g, WA A B 5.00 mL, pH 7.0~7.4,
FeS0,-7H,0 0.01 g, FZEIB/K 22455 1.00 L,

LB WA 55 35 55 . 10.00 ¢ 115 ,5.00 ¢ BEEEH,
10.00 g Sfb4N, FITCHK E 4 % 1.00 L,

LB [E{ARE 55 78 LB iA=L A 15.00~

20.00 g BifEHD o

TCHLER B 3R %L . (NH,),S0, 1.00 g,NaCl 10.00 g,
KH,P0,0.20 g, K,HPO, 0.80 g, MgCl, 0.50 g,CaCl,0.05 g,
FeCl,0.01 g,

MRS SR AL W A w2 R A BR A v

SRR B gk ali, A8 AR S o 2 g, Hodth
e 8BS E T
1.3 HAEHIEFILEE
1.3.1 FRIATE M0 A B il Al )

B 5.00 g B L AEE T 45 mL & AR
() 250 mL = AT, 28 °C 150 remin™ FEIRKEFE 7 d,
R RS IRMOR IS, W 5 mL R B A B
EAERSR A  He BRI SR  eE 3 IR SR AU
FAEERRE, 100 WL U AT T4, 30 CHEFE 48 h, BEHE
BRI TR, 4y alifh , 4 CIRAE.
1.3.2 RIHK I i

W ER 4l RN T LB WA R R L
200 r-min™ 30 CHEF: 96 h J5, FHERTHITK 14300 241
T R Y T 5K T,
1.3.3 HME%EE

T HRIEE S AEAE R R R A K
WEE TR0 % o IR AR A LB WA
RS R IR X R, B IR T A, IR
SDS-CTAB L= BURFERZH DNA, DI4NEE 519
27F 1 1492R #£17 16S tDNA [#) PCR ¥4, i Fi /> 7
2 M TR
L4 S¥REEEFIRI EEMIERERRENE

B3R 72 h A0 TE L G AE 4 °C .5000%g 5250
30 min, B EIHA 1 mol- L™ HCLJE75 pH 2 2.0, 4%
JE A SRR =B e/ F BE(2:1, V=V )TRAT, 2L
WA IV, FHIOK G T8 45 Cheft 75
RBREA PR, G205 & aRORY, Bk AR m
TEPEFAL =P

2SI 0.2 g $REUW E T 1 mL
YA, ST REIR G ARtk 2 @i s, — 5
e/ F /7K (65:15:1, Vv ) R I35, S [A] i £
AR, (1RM-TREGH 3 g K5 5 mL GRER
fi# 95 mL ZFEH, QS B GBS, WA HEIE 7R,
JZAEREANAEAE 5 (2) B = i 4.57) : 0.5 g Bl AT
100 mL P A, Gn SR BE 5 R0 65, AT B KA AE , I
ZRRRRASAELENT,

LM T (Fourier transform infrared spectrome—
ter, FT-IR ) : A= W) R TAIIE MM iy T — S e
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Je  TE A R B AR bR A T 40 B, AR R T o
EIF B R, = e/ (1:1, VY )3 BUS
T 40 CHyEzE T, 153078 ali Ak i A= 1 2 T vis v
o ¥ ERAYR TS PR T R, >R KBr R A
1 (1~2 mg £ +200 mgKBr, T4 BSR4 ) IR A
8375 B e 204 M AT e
KT 5 e o v B ) 52 ( Critical micelle con—
centration ,CMC): FEHAFREL_FIAR$E IS 1 7= Pkl
rni T 2R KR BC A [T FE A ( 0~500 mg- L)
)7 VR ) VAR 2 T 5K T, FF Ak % T T 2
TR Ve P~ T 5 7 B 2SR A S vk B 1L
L5 WEREFGRIL
L.5.1 MESRHR
R TRV 2 THT 5K B LA f PRI Y, LA RE R
PR AR R E ™, KBRS IG , 8O
A, 105 CHET ZBAHE F R E, DR TH L R4
Wi o KRR B OISR HIEW, SRR
CERAEI 2 WG, 45 CIURZE T KR m s T 454K
FHAY 0.05 mol - L™ NaHCO; A7, DAB BR 2K iy 112340 5 A
JIE &,
1.5.2 Bl T AR A K™ A R T 14 77 )2 i)
BC150 mL =i, EHAFIA S0 mL JoHLEL R
FRHE A1 10 g+ L7 B 2 0 H il 4B Al ]
EPEVERD AT 22 ZE0E FUBE R O BRI
B ) o 3 d Jim o 0 i R ) 9 T o L LA |
Ay WS R BN IR E S
1.5.3 XS R AR A S ™ A SR TS 177 1 5 el
DA S 36 rh AR B e DRI IR DAy 328 o Bk L, X
10 g ﬁ;}%/ﬁﬁﬂ/\ 1L K’a\( NH4)ZSO4 %*ﬂﬁlii%?%%ﬁp oEX
150 mL =3, B INA 50 mL iR B3R 3, 4351
FIA 2 g+ L7 (URHIR AN IR B IR (AR B (0 BRAHAS
IR ) o 3 dJ5 535100 e K B ) R sk 1 FL Ak
PE AW BERE & . BRI —REA
1.5.4 B HON TR AR A B A R TR R A 2
150 mL =R, B INA S0 mL 55 ARk
RIFHTCHLER R Ak e BN 2 g« L7, 20l A
CPL e s, il oy 1.5.10,15.,20,25.30,
35 40(XF RREEAN AR ) o 3 d J5 4351 e P 1) 2%
TR IE LA AR BEE S . BRIk
#Hi,
1.5.5 JRJEE XS AR AR 4 K™ A SR TETE 1 77 R 5 el
BC150 mL =i, EHAHINA 50 mL _EREAL
R TCALER R R Ak . T $2 R IRLETE 15 °C .20 °C .25

°C.30°C.35°C .40 °C. 3 d J5 43505 & PR ) 2 1
I FURHE A BEls G B R E R
1.5.6 pH XFBIRAE R B A R T M50 79 52 i)

B 150 mL =i, AHIA 50 mL FREL
I TEALER R R0 i 5 97 4k pH 2 4.5.6.7.8.9.,
10.11.,12.13. 3 d J&5 43000 52 A e 1y 4 i sk 1 4
FUPE AP AR O e BN SR E R
1.5.7 NaCl ¥ B TR AR A 1 S A 2R TS 1790 A 5 i

B 150 mL =i, BHRAIA 50 mL _ERE AL
BT ER R IR Ak . FE G IR 5L NaCl ¥R JEESH 0.5,
10.15.20.25.30.50.80.120.160 g+ L™, 3 d J5 4%
FE R TR A R TE K B FLARYE R BERR T
BEAKEFR =R EA
1.5.8 Ttk 147 KEEshS K

B 150 mL =i, BHRAIA 50 mL _ERE AL
R TCHLER B 35 5L 7F 12.24 .36 .48 .60.72 .84 .96,
108,120,132 144 h J5 43 59l W 2 2 I 9 1 2% TH 5K )
B FUbE Y E BEE S . B =IRER
1.6 EYREFEEFII SIAFTRIEAER

25 mL =AM A G 5 ORI [l T K
A1 10 mL AS[a] e B2 B A= 1) 2 T M R P 0 s L AR
JE A 0.02% 1 & BALEMGIRUEE Y A . 35072
FI I B TS, 25 €50 remin™ #2548 h )5,
BRI RS BB T 5000 remin™ B0 15 min, B
WO AR Z e E O he=1:1(V:V ) AR
I3 Yk I VR T T 40 CHe4r 2T, I s E 25
F| 2 mL, 1 0.22 pm FLARSEE S HPLC 434724,

2 ZREWR

2.1 EYREFEENFERNRENEE

2o M- AR5 3 25 BRI, & 1 2Rk
TS TR AT LLR B 147 52018 K B K 4
A A T A R, B4 147 ANEEVE N HARB#R

W ZE TR PR B F5 R AE SOB S RHE , AT WL R 44
HAEBEA— W&, - SR E 7% o 58
A PR AR AR AN R 20 4 16S kDNA I K I 5
GenBank i L8 SR UAZ IR P 41 5 204 T IR PP Fo AL,
KILHE PR 147 5 Pseudomonas aeruginosa DSM50071
PR IE A 99% , 5% ] MEGA 5.10 # 4 NJ J7 vk 4h)
147 (9 16S 1DNA REGEA B LI 14543 A4 B (L
AR 2R R TE PR 147 5558 O B ¢ {5 B ML 14T ( Pseu—
domonas aeruginosa ) , % [H tk GenBank % 3% 5 N
KU921686,
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Table 1 Bacterium screening Table 2 Physiological characteristics of strain 147
YR i 5 AR Feifi 5K JI{H Surface e 4 WiH ZhL
Bacterium number Source of bacteria tension value/mN-m™ Ttem Result Ttem Result
117 il Gas station 52.33+0.23 2R, - TEA K i -
127 JiiH# Gas station 54.70+0.12 Gram st Starch hydrolysis
136 T Gas station 62.97+0.09 Wikemte + LRSI +
. . Gelatin hydrolyzation Carbohydrate fermentation test
147 f]l]{EH%;ﬁ Gas slalfon 33.10+0.06 L0, 525 C . B
157 Jmihh Gas station 51.87+0.29 atalase test Hydrogen sulfide test
167 JIHIEG Gas station 52.27+0.09 B LT I - -
177 Jiis ¥k Gas station 51.33+0.27 Methyl red reaction
187 il Gas station 51.87+0.18 T+ FER B — FR B S
196 Jinil Gas station 49.20+0.12 Note : + Indicates positive reaction; — Indicates negative reaction.
225 WK Lake bottom silt 57.43+0.20
245 AU JE Lake bottom silt 60.300.06 22 147 WEFFEREAFEEF N REHERE
255 W YME Lake bottom silt 59.27+0.35 ﬁj‘ig)g @%5)‘1‘}?5‘4% , %%_ﬁ@ﬁiﬂ:ﬁ”ﬁﬁé
265 IE IR YR Lake bottom silt 59.73+0.03 Tk , j:”]/\ @lﬁ]i@%ﬂ)ﬂu%%ﬁﬁn,ﬂs ‘3‘( ‘%Eﬁi@“ﬁ
O ﬂ%}_%ﬂ%ﬂ AR R, A s 2 0
WEETAME Lake bottom silt .87+0. = ST
295 WIFGHAVE Lake bottom silt 53.40+0.10 imﬂ; jﬂjf eSS ., e N
471 RCHATE River bed sil 68.000.06 WrBIkk 147 PRl 20 A EREL(FT-TR) 20 Hr )
a7 SR River bed silt 65.27£0.23 JZERY, 5N 2. ZPIAE 370172 em™ ZbAG IR
473 JJEGHAJE River bed silt 66.30+0.26 W, R F A R IFEAFEAE ;2 858.77~2 927.56 cm™
o51 Y Refner 3072023 U T 247 A - ) 5 95 3 1400
952 Rk Refinery 59.27+0.20 1200 cm™ ALI\IEIL: C-H /Eﬁ Hf‘%fjj ,1 734.39 em™ ALI\IEI% C=0
1071 i/:r;{:; Refmery 68.60+0.40 E‘JXX%E%@] , ﬁ;ﬁ 1 070.04 Cmil ﬁyy C—O—C %,{qagﬁyﬁ
1151 T3 Refinery 67.20+0.06 - . _ . R
! e 3, BT AT — A TiSCHAR PR
JRH) " Refinery 69.90+0.31 . . R . Sl A -
2105 R Refinery 44.27+033 e — IR 2 A W i G 7 IJ WEREA )
> ¥ JAN N Q AN
AL = M RO R b e 00l S AR LS AR 035 LR A
Note: Values are given as means + SD from triplicate determinations. %ﬁiﬂﬁ?ﬂiﬁ@ﬂ%ﬁmgo 'Iﬁ] ﬁﬂﬁcﬂimﬁ(cmlcal micelle

—S000006645 Pseudomonas citronellolis ('T) DSM 50332T (type strain) Z76659
S 5000639965 Pseudomonas delhiensis (T) RLD-1 DQ339153
-S000427988 Pseudomonas knackmussii (T) B 13 AF039489
5 -S000824948 Pseudomonas panipatensis (T) Esp—1 EF424401

E .................................. :. .............. 5000395038 PSeudOmonllS jinjuenSiS (T) PSS 26 AF468448
! b S000626936 Pseudomonas nitroreducens (T) IAM 1439 AM088473
|t 5000416841 Pseudomonas psychrotolerans (T) type strain: C36 AJ575816

— S000003555 Pseudomonas alcaligenes (T) TAM12411 D84006

—~S000009281 Pseudomonas pseudoale aligenes (T) LMG 1225T (type strain ) Z76666
'! 5000010130 Pseudomonas alcaliphila (T) AL15-21 AB0058 §

....... "'5001350578 Pseudomonas oleovorans (T) RS1 DQ842018
premeessnnnn S001170797 Pseudomonas benzenivorans (T) type strain: DSM 8628 FM2082653
15000444074 Pseudomonas segetis (T) FR1439 AY770691
15003610433 Pseudomonas segetis (T) FR1439 AY770691
et S000428789 Pseudomonas stutzeri (T) ATCC 17588 AF094748
; S000007012 Pseudomonas resinovorans (T) LMG 2274T (type strain) Z76668
S000437396 Pseudomonas balearica (T) SP1402 U26418
|  — S000514601 Pseudomonas otitidis (T) MCC10330 AY953147
B 1T — S000010427 Pseudomonas aeruginosa (T) DSM50071 X06684

| I 1r147

15003288366 Pseudomonas aeruginosa (T) type strain: DSM50071 HE978271
(BRRACER SR 1000 MZTF A 5 MRrEfL)

(The scale represents 5 nucleotide substitution in each of the 1000 nucleotides. )

B 1 147 Bk 16S 1DNA EEF I REREH

Figure 1 Phylogenetic tree established using the neighbor—joining method, based on 16S rDNA sequence of strain 147 and the related strains



AL, % AR AT R P B i ™ P AR 1721

140
2120
> 100 —
80
60
40
20
0

2

Transmillance/%

—3701.72

7.

8.
—1734.39
—1595.38
—1455.53
—1177.30
—1070.04
—1005.03
—3873.76
—721.17
—581.88
—456.49

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™

2 147 EHR R EE RIS E
Figure 2 Fourier transform infrared spectrum of biosurfactant

produced by strain 147

concentration, CMC ) ] DA Jhy 2 T 17 4 770 4 i 0 2 1)
—FhEE R, CMC /)N, el AR R/ PR M T, B i L
TR A5 P MR FE A . DAL 3 T LU R B E O~
300 mg- L™ B, 2 115K 77 6 Bl 5 W i T 2 1o s T e

30? R ———

(-) 1 60 260 360 400 500 600
MR % /mg - L™

B 3 ARIREEYREEER B RREKA

Figure 3 Surface tensions of biosurfactant solution at

different concentrations

%, HAE 300 mg- L™ i ik 35 /M ; 7E 300~500 mg- L
I, RMK I E AR A K A4S K R 7 ) 1)
CMC 2y 300 mg- L™, AR T2 30 T~ 2 1T {7 7 571
e LR R B4 (SDS ) Y 2200 mg - L7, BB TE AL I
W T AT, M7EBE 25 B hh AL LA T R AT
] 187 I 5% o
2.3 147 HEREBEEMGMRL
2.3.1 BRIEAY SN

B IR XH 2R T P AR A5 2 I 7 ) AT B R B
23115 A M 1 ( Pseudomonas aeruginosa)ﬂfi%ﬁ%ﬂ
SR P A A R TSR] A 4 Hh . S AR
S5l 3 AN, LASEA Il A, 200 T A TR 1) A1
{E 39.12 mN-m™', B & 5 - H AR D28 3 5 FLAL A
o 34.17% , T e T AR DAL, A P 240 TR AR R A K
WG & et =, o 0.30 g+ L' EARIEA TR J ik 5,
RERS (e i i A B 22 A W) AR & PR 57 L (H A SR T T
SEBRA P AR B R T AR — LE B Sl
FHA AR A Tl B 7 Ay vl 8 3 o S A S ke
I8, KB HA ARG O U 7 A A 2 T T
VR RIS, R, 5 02 2 T 48 ] — SR A ik
IR IEAT K%
2.3.2 RIS

M 2 IR A o5 Tl 2 R, R B RR 2E 2 x
240 T A0 14 A BRI A 8 W ) 7 ) AR AR R W
M2 4 ATLAR Y, ASIR] IR 2 i I A b R T
5K B AR EL/N AT RS R R AR ) R
TR 6 P ) 5 B L 8k i SR IS ok B2 ( CMLC) A P20,
2 RIR A IR i I A TRV A T 7K BT ARL AR A, [w] P
FUALTE 0T T3 AR S s B o R 1 S Bk Ibe

3 BERT 147 BEE KR EYREE R =200

Table 3 Effect of carbon sources on growth and biosurfactant production by strain 147

Tl Fif 5K ST FEAE FLAHE Yl T BS H
Carbon source Surface tension reduction/mN+m™  Emulsification activity/% Dry cell weight/g-1! Bio-surfactant/g-L"
% HH CK 14.6420.85¢ 6.67+0.42¢ 0.19+0.03¢ 0.08+0.002¢
% 2 Maltose 35.27+0.45h 18.75£0.72¢ 0.92:£0.04c 0.17+0.005¢
643 peanut oil 39.12+0.68a 34.17+1.10a 1.68+0.04a 0.30£0.002a
Hth Glycerol 26.95:0.52d 15.83£1.10d 0.54x0.07d 0.210.004b
JRERE Sucrose 31.96+0.87¢ 12.50£0.72¢ 0.26+0.03fg 0.13£0.001d
FEH Starch 31.67+0.82c 8.75+0.72fg 0.36:0.04ef 0.09+0.003¢
HiBM Glucose 30.99+0.72¢ 22.92+0.42b 1.12+0.04h 0.21+0.006b
FLb¥ Lactose 31.14£143¢ 9.58+0.42f 0.30£0.04efg 0.09+0.003¢
WA B Paraffin liquid 33.39+0.72bc 8.75£0.72fg 0.40+0.05¢ 0.09+0.003¢

T« BRI E AP I (AR AN Rl /NG - BN R A 38 i 22 S5 1 25 (P<0.05)

Note: Values are given as means + SD from triplicate determinations; different lowercase letters indicate significant difference between treatments(P<0.05 ).
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Table 4 Effect of nitrogen source on growth and biosurfactant production by strain 147
HR Kk S IR AT BS it
Carbon source Surface tension reduction/mN-m™ Emulsification activity/% Dry cell weight/g-L™ Bio-surfactant/g- L

Xf i CK 5.43+1.22b 11.67+0.42d 0.40£0.07e 0.07+0.002d
HFEREN NaNO, 41.16+0.46a 32.92+0.42b 0.61+0.05d 0.36+0.001b
iR (NH,)-S0, 41.26+0.76a 41.2520.72b 1.87+0.06a 0.45+0.005a
fI% Urea 40.39+1.05a 34.17+0.42a 0.89+0.06¢ 0.32+0.008¢
AR EZ NHNO; 39.82+0.37a 24.58+0.42¢ 1.26+0.06b 0.32+£0.002¢

T - B =0 RE B AR R s AN [R) /NG BRI R A B ) 25 5 {3 (P<0.05 )

Note: Values are given as means=SD from triplicate determinations; different lowercase letters indicate significant difference between treatments( P<0.05).

53 SR IR — B, B R B A 2 A ) 2R T R
A AR A AR
2.3.3 BRA AR

M 5 FTRUR SR A HAE 5 LA B, Rk )
BB S LA AR A A T AN TS T 5 A ) R T
PER & AR, U S A L KT 5 i, i
RA W 2R TG PR R 7 e 8 R I S ARV B A T
THELEBRA N 25 B K, 2.58+0.09 g- L™, [F] i}
AR PR S s B AR, O 1.7440.01 - L7
XY Saimmai SEPMFFEEEIR—3, 25 2 147 WK A i
TE AR AR AL | I 20 TR Y A= i Ik B sy L AR R
T P 7R e A g o
2.3.4 IRERYSZNE

Tk JBE S 532 W TR AR A 1 7 ) 7 o ) PR D R
Z— o ARV R A Rl A R AN R o — A A 7E 4
CIE IR TE 30 CA A A RAF o B 4B 1 i 4l
BA I ( Pseudomonas aeruginosa)]%ﬁﬁﬁ—ﬁﬁff 27~
37 CP, R 4 AT LAE R, Rk e A AR
Py T R e R B A IR P TR R BT RS

FRARAYREH, 7 30 ChPk Bk, FLIBMEAE 15 CH
30 CHHE AR EE 5, 78 30 °CH] 40 CHFFL AL ME %
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Figure 4 Effect of temperature on growth and biosurfactant

production by strain 147
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Table 5 Effect of C:N ratio on growth of and biosurfactant production by strain 147

BRALL FMH 5K AR AE FLATE METE BS Hif
Carbon source Surface tension reduction/mN+m™ Emulsification activity/% Dry cell weight/g- L™ Bio—surfactant/g- L
1 24.44+0.44d 44.17£0.42¢ 0.73+0.07e 0.10+0.006h
5 36.22+0.54ab 44.58+0.42¢ 1.07+0.06d 0.77+0.001g
10 36.39+0.84ab 45.00+0.23be 1.55+0.06bc 1.34+0.005¢
15 35.32+0.60bc 42.92+0.42d 1.45+0.19bc 1.17+0.007f
20 33.76+0.58¢ 45.83+0.42b 1.67+0.10b 1.22+0.005¢
25 37.52+0.29a 47.08+0.41a 2.58+0.09a 1.74+0.006a
30 37.36+0.56a 44.58+0.42¢ 1.55+0.08b¢ 1.29+0.005d
35 35.22+0.43bc 42.50+0.27d 1.65+0.09b 1.43+0.007b
40 36.34+0.69ab 44.58+0.42¢ 1.32+0.04cd 1.17£0.011f

T BB = UE AP ARAE DS AN [l /NG 5 BN R b 30 i) 22 7 1 25 (P<0.05)

Note: Values are given as means+SD from triplicate determinations; different lowercase letters indicate significant difference between treatments( P<0.05 ).
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Table 6 Comparison of biosurfactant production by several

Pseudomonas aeruginosa strains

iy
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BS & Bio—
Number Strain  Carbon source surfactant/g- L™

SR Reference

1 LKY-5  ZEAEiH 0.15 gk 20151

2 -1 H s 522 TR, 20125
3 P.I42NF F TSk 0.19 Petrikov et al, 201357
4 LBMIO R 1.42 Prieto et al, 2008
5 J4 VG 36 Wei et al, 2005
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Figure 8 Solubilization of polycyclic aromatic hydrocarbons

by biosurfactant
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