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Isolation, Identification and Characterization of Halotolerant Petroleum-

degrading Bacteria

WU Tao'”, XIE Wen-jun®, YI Yan-li', LI Xiao-bin’, WANG Jun’, HU Xiang-ming*

(1. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2. Shandong Provincial Key
Laboratory of Eco-Environmental Science for Yellow River Delta, Binzhou University, Binzhou 256603, China; 3. Key Laboratory for
Food Safety of Binzhou, Department of Life Science, Binzhou University, Binzhou 256603, China; 4. Department of City and
Environment, Binzhou University, Binzhou 256603, China)

Abstract: To obtain efficient halotolerant petroleum-degrading bacteria, 39 bacteria strains were isolated from 30 petroleum
contaminated saline soil samples in Yellow River Delta, an important base of petroleum production in China. One bacterium (strain
BM38) was found to efficiently degrade crude oil in highly saline environments based on a series of liquid and soil incubation
experiments. According to its morphology, physiochemical characteristics and 16S rDNA sequence analysis, this strain was identified
as Pseudomonas putida. Moreover, a series of liquid incubation experiments were conducted to investigate its characteristics such as
halotolerance, biosurfactants production and degrading efficiency for various hydrocarbons. The salt resistance test demonstrated that
strain BM38 grew well at NaCl concentrations ranging from 0.5% to 6.0% . Petroleum degradation experiments showed that strain
BM38 could degrade 73. 5% crude oil after 7 days in a liquid culture medium containing 1. 0% NaCl and remove more than 40% of
total petroleum hydrocarbons after 40 days in the soil with 0.22% and 0.61% of salinity, these results proved that the strain was
effective in removing petroleum hydrocarbons. Strain BM38 could produce a bioemulsifier in a liquid culture medium. The NaCl
concentration had the significant effect on the EI24 of fermentation broth, which decreased sharply if the NaCl concentration was greater
than 1. 0% . However, the EI24 of BM38 was still quite high in the presence of 2.0% of NaCl, and the value was 61.0%.
Furthermore , this strain was also able to grow in mineral liquid media amended with hexadecane, toluene, phenanthrene, isooctane and
cyclohexane as the sole carbon sources. Among these hydracarbons, strain BM38 showed relatively high ability in degrading n-alkanes
and aromatic hydracarbons. The results indicated that strain BM38 had potential for application in bioremediation of petroleum-
contaminated saline soil.

Key words : petroleum contamination; soil; petroleum-degradating bacteria; halotolerant; Pseudomonas putida; emulsification
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1 #MBEFZE

1.1 ¥k
L1.1 RESCETR
PRI B R 3 SR B A R

T = AR TR R R X Y 10 11 3 3 5 L
B 2 ~10 em Ab{5 Y 3% 0.5 kg 247, 3t
SRR 30 T IERE L.
1.1.2  fitl I

- e R 0 e S5 A B AR 3 —
HJH BIR)Z (0 ~20 em) , HIEA B BT L%
1. FFICEIET 45°CF T4 4 d,3d 2 mm 0, B2
121°C F KA 1 h, BFE24 h 8 —K, L9517 5 Ik
FETCH A5 1F T, 43 i 3 0, 8 & AN A& 19 NaCl +
Na,SO, (EEIR e R 60 1) VR VORI T T ik 14 J5 7l
S I b IRS), T40°C T2 10 d 5, 78
IYIRAD SR LB N 1.96% (i L), Bk
R 0.22% | 0.61% . 1.20% - FE.
1.1.3 et

TCHLER W A 855 35 3 . KH, PO, 0. 68 g, Na,HPO,
1.79 g,MgSO0, 0.35 g,NO,NH, 1 g, ¥} 0.01 g,
MEICRIBRGW | mL,pH [ 2 7.4 8K ER
#1000 mL. Hri i TR IE AW CuCl, -2H,0 1
g,CoCl,-6H,0 4 ¢,7ZnCl, 2 ¢g,CaCl, 40 g,H,B0O, 0.5
g,NaMoO, -2H,0 2 g, FeCl, -7H,0 40 g, AIC, -6H,0
1 g,MnCl,-4H,0 8 g,?f'ﬁﬂ:l 000 mL ZEMK.

F1 LT EEAEUMER

Table 1 ~ Primary physic-chemical properties of the tested soils

pH(H,0)  #53/% HHlk/gkg™' EBHE/g kg™

“é\@?/g-kg’l

B A/ mg-kg ™! A /mg-kg ! B MR/ mg kg !

7.90 0.22 7.78 0.63 0.75

27.3 24.1 57.89

AR SR TOHLER W AR R 72 551 000 mL, NaCl
10 g, 5 ¢.

B 5 95 5 . TOHLER MR G #2561 000 mL, NaCl
10 g, J5iH 1 g

FERTE G PERIRE TR JOHLER AR RS #7231 000
mL,2FNE 3 g, pH HIHZE 7. 4.

DL 3SR T 121°C K 30 min.
1.2 TSR R TR i) B o

BURAE M A3 5 G 3R L 5.0 ¢, B2 A 100
mL BHERFERE D H T 30°CHIEREIR 160 remin '
BARKETRT d. BHUR — & R IG IR, 4% 10% e
YN i NI S e I PrE S S U N
TR RS ILE A 3 k. KR e R R
HEATRREERR RS LA TG A B IR A % 1. 0% NaCl 11y
A RE AR R 95 25l , B T 30°C 1H IR 55 R AR
o3RS 4 SRR RREE RS T, 4
Gk 5 IR AE T4 IR B B IR RHE.
1.3 I A T A A At B ) e

1.3.1 3R A TR R i S 50

W Ak S TR R 2 T 380 2 PR R P R A B
e BT 30°CHIRFEK 180 remin ™' B35 24 h, B0,
FHWEFR G2 R DR TR AR 3 Uk, P R 5% v T
AL IEEC LM 1 x 1084~ -mL ™ AR B . %
10% MR A 100 mL MM 3535, B T 30°C
TEIRFE IR 180 remin "' 353% 7 d, IR B LUAS I B B il
EFEEAERT IR A 3 K. SSRGS O R SR D
JA 60 mL 5 %5¢,8 000 remin ' B.L> 10 min. |-
HRE AW AP e k. WEH
BUAH , I IC/K B R A 3k 0 Mo /K s 88 1 00 5 i i g /)
Fepirh iR AR R EE PR R
1.3.2 R AR RS I

TE IR A B 77 5 v oA TR R AR R A = Y S bk
B AT A O S . At A R T AR
1.96% , B &8 0.22% . 0.61% . 1.20% X 3
AT IS A 5t iR 318 M 4b 3, A 3
. BARSEES ik M AR 1.3, 1 5 B 7 il
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TR, B 10 mL R, SN A LA 100 g
+19 250 mL =¥ H. A NH,NO, 1 K,HPO,,
DIAbFE L4 N, PSR i 3 C: NP 2558
50:10: 170, 43FE 3 d WP ICEK , i 395 K AR
FRTE 18% ~20% (i) . BT 30°CHERF4,
Rigz 40 d.

B R B R ] U e S,
. BARDTE R B10.0 ¢ T4, SHEE IR AT, U
TAF BRG], A E-916 B i ) A BULUE
IAPEE 2 k. BRBUR AW 2L, FH 100 mL 25408
Kk 2 W WA PR, SR B RR A g K e
B U E E N T SR AR B R
TR .
1.4 FHRER

TGS AE A AL LI 2 SOk [ 14 ], BB
) 16S rDNA s &S BESCHR [ 15 ] 3547, IEm 514,
5'-AGAGTTTGATYMTGGCTCAG-3"; R[5 4.5'-
CGGTTACCTTGTTACGACTT-3". 16S tDNA J¥ %1
W 3E 2R AL AR W) B R w0 . I 1 ) B A
GenBank "1 Blast # {45 2 701y 51 3547 [6) U8 14 43
B, 2R clusterX 1. 81 #K {4 #E 17 2 7% 51 L X,
Mega 4.0 A AL B Kimura 2-Parameter Distance
BLAY E 17 2 )3 51 UG B HE 51, DL 4B 2 % ( Neighbor-
Joining Method) 97 16S 1DNA RS KB .
1.5 TRERINER S5

L LB AR SR B NaCl A&, f#f NaCl
WeRBEr 50 0.5% . 2.0% , 4.0% . 6.0% . 8.0% ,
AR 1% ,pH{E 7.4, T 30%C , 150 r-min ' $EER;
#* ,%Fﬁ—%ﬁﬁlﬂﬁlﬁ , T 630 nm A6 D {H.
1.6 BAMR™AE W2 s T R 5L 0

SR 200 0 MR R R AT R 9, AR 0 12,
2436, 48, 60, 72 h HURE, I R A 2 1wk Rl
AR, VR R MG MR B 52 2L P i NaCl fin A,
i NaCl ¥ FE 4354 0.5% | 1.0% . 2.0% . 3.0% .
4.0% ,BERR 1% , T 30°C . 180 r-min ' & FHEK
%% 36 h, e VR P R TE K ) FFLAG A, Rk )
RE 715 % & B AE4 000 remin ~' Z5 14 F &0 20
min, EFRER, S5 T L JK99B 4= H 3hik S0 & @
WK KT, FUAGMEIE J % AR B T A S
mL A AEE S mL SRR, = iR PR% 2 min
J& ik 24 h. FUAKME (ER4) HFLLZ T B S Wik
AR R Z TR 100% 5.
1.7 BEREA AR 20 0 1 e 1 S 56

RIS AT 0. 1% 3R ke, 2K, ke, JF

FNIE 750658 Ry W — Al 058 P T ML R R AR 355 5 i, g
R 3 NEE. R 10% ,pH {H 7.4, T 30°C |
180 remin ' FEIRKEFE 7 d, LAAS NG5 IR A4 422 18 15 55
WA ZS U6 I F 630 nm AR D {A.

2 #R5itie

2.1 SR A TR R TR 1 53 B 5 i ik

IR 3 B R Ay B s, 15
| 39 BRANT (485 BM1 ~ BM39). LU Ak 5
M WA B 7 A0 T R A S T 3 B TR AR A AT O
e, EFE T d A, A R I B R AN 1
AT BRI AE S 1. 0% NaCl JoHLER TR A B 5% 3k
HOGT R TH A R A BE T AT AR R 22 57, 39 W TR X T ik
3K 6.0% ~73.5%. Hh,BM5, BM10, BMI6 .
BM26 F1 BM38 X Ji Ji {5 fiff 52 35 2] 50% LA I, B fiek
BN 51.2% ~73.5% ,SENAMEZEBFIE A L, S #R
TR A R R AL TR 38 v (R 7K | 1 TR CZ-1 X
PR T3 A A 3R (34. 3% , 7 d) ' RIEA pirl -
pte24 XL 7]y R I Y B R OR (7.3% ~ 41% ,7
)75 P11, BB3, WIL2 Fl MVL1 25 [ i 14 % Je
HJE AR JE e 5T Ji T i B i 2 40 25 (26. 4% ~
75.1% ,6 d)'°.
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Fig. 1 Degradation of crude oil by the isolated strains

in liquid cultivation medium
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AN P AR R R R UL 2. AT LR
SRR R 0. 229% 4 |5 BRI R i A 1Y
W T 25 0 2 v AN A DA LSRR R B 40 d
J& B INTE BM38 AT KR AR 2R 40. 7% , 5% HEAH
HHR 1 25. 1% , .37 T4 % BM16 , BM26 Fi
BMI0 i A MR R (P <0.05). fE& N
0.61% +3%h % BM26 . BM10 . BM5 1 BM38 AYl&
MR R T AN IR AR B 0 FARAR R S R L
AR R MR T 6.0% . 9.2% | 13. 8% Al
28.8%. BM38 f1 i k& % it % W 2 v T |
BM26 . BM10 . BM5 F1 BM16 (A MR E (P <
0.05). 7E&Ehi A 1. 20% 3% B BM5 1 BM38
PR 85 o 6 S 2 v T AN N R A TR 1 SRR &R, S50 B
FHEG, A I B R 0 B4R =5 T 11. 1% F120. 5%

BM38 A kS R R SB35 = T BMS 19 ik R i
N BM16 ., BM26 . BM10 5 %} BEAH [b, 43
SRR 22 AN, R AR IR Ak
PERIREETEPE ) FERAR R SR b S BRI A B X4 3
B ELA B W B A 2R AELAE S B AN [R] 46 55 a1 3
154 B G SR A TRARPR IR A RS,
BM38 Ry 2 A B 2 & T BM16, BM26, BM10 Fl
BMS5 WIBRIMZECR. KEb 5T R W, Bl G $h Wk B 1 3
TR 0 A S SR R AR 200 AR S oy 40 B %
N 0.22% F10. 61% 3 R RN BM38, &
MR R 22 R AN B (P <0.05) , Bl RARIA
F409% LI I, W] BM38 HAA —E Wit Eh 1k, 76 &3k
I b B BRI R AR RE ). PRI E R
BM38 Rt — L Ht5E.

®2 SHEEARSHETBERNARZERED

Table 2 Degradation of crude oil by five isolated strains in soils with different salinity

TEE/ % R/ %
papiict BM16 BM26 BM10 BM5 BM38
0.22 15.6 £0.79 22.5+2.36%" 27.9 +3.47%0 28.5 +0.92%" 35.4 +3.12° 40.7 £2.51%
0.61 13.4+1.32 15.7 £1. 120 19.4 £2. 41" 22.6 +1.39%P 27.2 £1.94%P 42.2 +1.46"
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Fig. 2 Phylogenetic tree generated from an alignment of the 16S rDNA of strain BM38
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