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Degradation Characteristics of Naphthalene with a Pseudomonas aeruginosa

Strain Isolated from Soil Contaminated by Diesel

LIU Wen-chao' , WU Bin-bin®, LI Xiao-sen”, LU Dian-nan’* ,LIU Yong-min""

(1. College of Petrochemical Engineering, Liaoning University of Petroleum & Chemical Technology, Fushun 113001, China;
2. Department of Chemical Engineering, Tsinghua University , Beijing 100084 , China )

Abstract: A naphthalene-degrading bacterium (referred as HD-5) was isolated from the diesel-contaminated soil and was assigned to
Pseudomonas aeruginosa according to 16S rDNA sequences analysis. Gene nah, which encodes naphthalene dioxygenase, was
identified from strain HD-5 by PCR amplification. Different bioremediation approaches, including nature attenuation, bioaugmentation
with strain Pseudomonas aeruginosa, biostimulation, and an integrated degradation by bioaugmentation and biostimulation, were
evaluated for their effectiveness in the remediating soil containing 5% naphthalene. The degradation rates of naphthalene in the soil
were compared among the different bioremediation approaches, the FDA and dehydrogenase activity in bioremediation process were
measured, and the gene copy number of 16S rRNA and nah in soil were dynamically monitored using real-time PCR. It was shown that
the naphthalene removal rate reached 71.94% , 62.22% and 83. 14% in approaches of hioaugmentation (B) , biostimulation(S) and
integrated degradation composed of bioaugmentation and biostimulation (BS), respectively. The highest removal rate of naphthalene
was achieved by using BS protocol, which also gives the highest FDA and dehydrogenase activity. The gene copy number of 16S rRNA
and nah in soil increased by about 2. 67 x 10" ¢~ and 8. 67 x 10® g™" after 31 days treatment using BS protocol. Above-mentioned
results also demonstrated that the screened bacterium, Pseudomonas aeruginosa, could grow well in naphthalene-contaminated soil and
effectively degrade naphthalene, which is of fundamental importance for bioremediation of naphthalene-contaminated soil.

Key words : microorganism; bioremediation; naphthalene; soil; pollution; degradation; enzyme; real-time PCR
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i — B P A K R 250 mg- L7 AE 6 d AR RN
96% ,(HJEAREFEA# 4 2R 0 4 FRLL 1A PAHs. 5
ARSI A I TS e i R 3
i 38 4 18 T ok 5% e ik TR —— 8 2F J8 AT T ( Bacillus
brevis ) FIH 2 i 50 B4 ( Sphingomonas sp. ) , & PLIR
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7N T AN B AR T R A5 1 T e A2 Al B Ry
25, Zou VNG L UM Sy AR F T O
F¢TINT 5 5 L5 g Sl 12, D fig 56 9 K 168
rRNA BE[A{E BRI, M 3 Thu-Z RETE L3 b )
FET 2R 1 e 30 PP AN 5 B PCR X i
BEPA K D BE L E fE A, R R WB I FE 1 2
Wi Ty BB, B I E AR SIS
PEANEE TNT Bfi. MM AR R S8 id 2 & PCR
AR YL SR D IR ENEAEEN niftl | narG

H amoA [A1¥5 DURCHEAT R I, 45 SR F A 75 e + e
X 3 FRELP B DA A IE R L B S 1
5 IEH T (R R RS T R 0 ) i
40d Zb PRI H: nift | narG 1 amoA &R $5 U1 i 53]
WA F]2.68 x10°, 1.71 x 10° F18.54 x10*g~". |
RTINS R Ay AW 7 ok i 2 5
A E G R A PR R A T A
S Y IR RR O R O R R AL AR AL TR

ABIFGE DASE IS Y -3 B 1 AR
ZEI) A 4% B PROM B HD- 5, H A AR 2R B i
( Pseudomonas aeruginosa) W) F&fﬁ'ﬁ:ﬁﬁ 52 IR F b
OYBIYEE | BRI AR SRR Ty 1 X TR
i K5 T RO RIF S A A 0 AR S X T B 2 I
HEAT PCR 4" 1 UE 5212 B Bk vh 25 A5 28 3000 48t 3k P
nah 3138 22 5 PCR A9 7 2k W0 A 2k k16 & |
YR | RS S LA A YRR A )
SERALAZE B A 1B R 2505 Y A R P nah 3
PR 16S rRNA 3 A 1% 728 4k, [ B 58 7 4 38 1Y
FDA 7K A BES FIBE S R G, % B T AN [ 8 42 5 g o
ZESOR S U E B A, IO s B
iR AL AL T .

1 MR

1.1 FEARIE

H SRR BB HD-5 MAIATb A HREETT () S s
Yu e v 5.
1.2 HHORE

P £ ok B U AR K SRR N S R A X
9,22 mm AL BEE 2 . R S db AR
BlABEAE )8 5% 5 0 R 55 BT A 0, JHC B Ak M T
WLER 1. ZEAIE O % 5 A I s o 281 4 38 v e 2
2R R (R BN 0.5% ) , f71E & e 3%
R SEER e Af .

F1 il TEFREAER

Table 1 ~ Main physical and chemical properties of the tested soil

AL 2R AP AR AR ARHEA AR B SN HL R -
HPE /g-kg™' /g-kg™' /mg-kg™! /mg-kg ! /mg-kg ! /mg+kg™" /mg-kg™' /mg-kg”! /mS.m~! P
Bl 0.816 16.9 81.6 10.9 17.0 4.5 134 0. 81 20.1 8.51
1.3 GRS R A7 HI.

ZR(4iJF 99% , Sigma-Aldrich) ; N, 1F C bt
(orhrat, b e T ).

LB 53535 . AR 10.0 g, B REH) 5.0 g, NaCl
10. 0 g, 7% 7K1 000 mL,pH 7.0,121°C K 15 min,

TCHLEL B 35 5L (MSM) : KH, PO, 1.0 g, K,HPO,
1.0 g, NH,NO, 1.0 g, MgSO, 0.5 g, CaCl, 0.01 g,
FeSO,-7H,0 0. 1 g, &% 7K1 000 mL,pH 7.0,121°C
K15 min, FR174 .
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ZR MR TR FHIEC i &1 o L ASSIA FXTREZE (C) f B THER P F 121°C F K

B, DB BR TS B — 2 BN E] MSM B3R b iy

IEC ke A e A & .
FE_ERBEFEIE PN 2% B fg BV AT A5 40 1 1)
PRI IR AL,

1.4 FFMRNTHE S 5%

T b HSEAR 4 375 e 3 RE A 10 ¢ IAE] 100
mL MSM 153234 30°C 1 170 r-min ' 508 F 55 3%
4 h. A LR MSM B AE3 000 remin 'R
2500 5 min B 10 mL _EVEWAIAF] 100 mL Z55E 4%
PE ARG R & 4 RIGFR 5 (R 50
mg- L™ HEE E 200 mg- L"), BUE & 55 77 W B
A AEZE R PEPE AR A L, R AT B 0 B VR BRI A
IR/ B T ETETE LB B AR 55 T
AT HE— R At oy B . W & alifh ) 1Y B R L Fh
FEZSBE MR AR RS 37 3 B AR KRS O, g A
10 B I ) TR R T 8 B TR R TR A B 5 25 0. 5% 1Y
200 g HECTT YL L e O BIERE S E T 25°C AT
St gRpah K B oh A L PR+
HEA KM (20 £2)% ,10 d 5 E LI ZE S
T A fo 23 e e 1) BRI Ay v R R i

FMRRY %8 TAEZIEh BB MAEYH AR (b
) A BRAEI S8R, W5 41 TR Y 16S tDNA JF 51 -7
B v X, B4R 5 L R SR ) R
BeHfRE A28, BRRR G A B A A AR A I 5 vk AL
SCHR[21].
1.5 WtRARKIMZE S 255 e

& SRS P TR AR I e ZR e B W A s 5 5
o, F 30°C A1 170 remin ™' SRR SR, BB — E 1)
[ HC 4 mL 35 952 W, R 2240 3 O BE I (B
6010) il & HAFE 600 nm Ab AW G EE (R, i ok FR1E
BRI R AR

-3 A ZE R R AE 2 e R A (1 1) fE
SR AEBGA R O A B (MARSX, CEM) #1748
B, ZEBUS AW GC-2010 S AH 531X ( Shimadzu
Inc. , HAS) I 5 04 1 AR, o BB 25 bR v il £ SR R
rhZE S SIS SR SERE RS 300°C, A
FRIRE 330°C, B (50 m x 0.25 mm x 0.25
wm) ,AETR 130°C 4845 3 min, £ FFE15°C - min ™!
£ 280°C , HEE R 1 pl.
1.6 ISR E

Wit T 5 MZEm R EwEE X ER
#3600 ¢ TP IMAZR (B TIECK) S EN
0. 5% ( K2 AR IR K, 5 nZg) . QK%

15 min, 32 ¥k @ B 2R 9 AL (N) - AT AT
b3 @AY (B) (B HD-5 R E L,
A BRER K F B G VR 2 Do [E4 1. 0, B30 mL #R N
| b, @AYRIPLAL(S) #H] C: N: P 100:
1.25: 16 PRI KH,PO, . NH,NO, & 327§
30 mL; @AY + W iR e (BS) « ) -1
[ ISP 3 0 BB T R 30 mL B 353 30 mL.

R 5 BRI HE S (9 AR R B T 25C A
TAMESEFRA T G AE R SR G A, R R B 50
FHIFIMA L FARAE LIS KRR (20 £2) %.

1.7 135 FDA KA St e il e
1.7.1 FDA JKf#BER

Ph20 min W& g 277 ARG R & R RIE
+HEr FDA ARG T, BB TR K2 ¢
TIEETEHA 15 mL SRR 0P (60 mmol - 17",
pH 7.6) [ 50 mL B5.LAH, A 200 pL ¥ BN 1
mg-ml " N R ZLTRN RS, & B R 5
s; BELEE T 30,175 remin FEIR PR G X
N,20 min JFAMA 15 mL & 05/ FEE(2: 1) K1k
N3 8000 remin " R L, BUEFBOIR I E 490 nm
RO EEAE.

1.7.2 AR

3 2o Y0 S A S Bl A A 1 O S A R T
A=W X AL TS e i SRR i e O, B O ik
JFELEL g BIETFEOE S IA 0.1 mol- L
BOBE OB M 0.5% TIC (2, 3,
Tetrazolium Chloride) %% 2 mL, 853k ¥ )5 , 7E 37°C
N 145 remin ' FERPEFE 12 h J5IIA S mL 9
TR KA AUAH U8 F5 i L AE 486 nm AR WK
JCEEMH, LIAE ¢ 12 h WAERRBILT 6 TPF 193 2ok
FAE A v 40 O S T
1.8 +3EH 16S tRNA 5 nah FEF#5 UUEUR W)

K0 Baldwin 25112003 4F 42 18 14 25 XU 4 il
I nah BT IE5 190 nahf/ nahr X H3E4T PCR, 40
P DNA #2HGA 7 £ (Tiangen ) X B #k DNA #1742
W nahf M nahr W %F 5 ME S 3 B N
CAAAARCACCTGATTYATGG I AYRCGRGSGACTT
CTTTCAA. & PCR S WARF R 20 pL, R RSN .
2 x Tag PCR Master Mix 10 pL,10 wmol-L ™" HIH/F
U5 #9451 wL, DNA #8422 pL,ddH,0 6 pL. PCR
PHa 2R .95C 10 min, 1 /l\ﬂ'l?55$, 95°C 1 min,
49°C 1 min,72°C 2 min,30 PMEH.

KM ABI 7300 ( Applied Biosystems ) %% 6 iE &=

5-Triphenyl
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PCR S0+ 3 A 41 16S tRNA | 25 KU 48, i 4
Kl (nah ) 5 DUEGHEAT S22 B & R AR R Rk
20 wL, K R4 W~ .2 x SYBR Green Real-time

PCR Master Mix 10 wL,10 wmol-L ™" AYHI 5 w54
£0.5 wL,DNA #i#z 2 pL,ddH,0 6.4 wL. 5|1¥F
B Sy AR LR 2.

R2 DEERFTIRFELESE PCR ¥ IBERF

Table 2 Sequences of genes and programs of real-time PCR

EIL/EAN J¥51 30
165 RNA() 926F AAACTCAAAKGAATTGACGG — 95°C 1 min, Leycle,95°C 15 5,50°C 30 s,72°C 50 5,40 cycle,95°C 15 s,60C
r 1062R CTCACRRCACGAGCTGCTGAC 1 min,95°%C 15 s, leycle
7l nahf CAAAARCACCTGATTYATGG 95°C 10 min,1 cycle,95°C 1 min,49°C 1 min,72°C 2 min,40 cycle,95°C 15 s,
na nahr AYRCGRGSGACTTCTTTCAA 60°C 1 min,95°C 15 s, leycle
” . K 49.35% ,3X S T LR IE A PTG IR RE
2 #R5IFE

2.1 AT S % E

Gl B AR BRI SR R AR A5 3 6 BRAB LU
ZE N E—BRIR AR A TRk, 4303 A 45 4 HD-1 ~ HD-
6 , K FLTR B 73 ol e o (HE bRl 10% ) BZE
450 mg-L 'Y 100 mL MSM AR 323k HiAE K
RN 1 fs.

0.5 —&—HD-1
—O—HD-2
04 | T®HD3
—Oo—HD-4
—&— HD-5
L[ —e—HDe
g
02
0.1
U -
1 1 1 1 1 1 1
0 10 20 30 40 50 60
th
El1 FRiEEREREL
Fig. 1  Growth curves of the bacterial strains isolated

B 145 R Btk HD-5 A2 KA Il B i ik
HD-4 JLFEA AR, BX 5 FRE Y B BB 3 2|
ZEE N 0.5% 19 200 g B9I5 9L HE T 10 d JEIE
T BRI 2 AL S AR IR ZE L pRoR

59

HD-1 #l HD-5 925 L Br % 530l b 64.57% Fil
66. 28 % , i I IX T Bk TR E A% R i L 3PP (25, 255
B A2 OS50 RSk TAESRS: HD-5 15 R 28R
RAYNGIE R
80
70 | 1

60

HH

S0 1

40 H

FERBRHE Y%

30

20

Blank HD-1 HD-2 HD-3 HD-5
B2 mE10dEEEREERE

Fig. 2 Removal rate of naphthalene in soil with bacteria after 10 d

B3 451 T L 16S 1DNA J¥ 31 R 3k 19 R 40 &
R S5 FEW Bk HD-5 (49 16S rDNA 154 4% %
P B ( Pseudomonas aeruginosa ) B AH L B ik 3]
99% , i % 52 H: A 4 2k B PR B B ( Pseudomonas
aeruginosa ) . % AR HEAT 40 G DNA AO$2 R, $2
HPATZERUIN A B R (nah ) () PCR 34 5631 |, 52
WA RN 4 s, SRR TR 2 i AR A
HD-5 TG 34 S 5L X 55 377 B 283U 4R

99 Pseudomonas aeruginosa strain L-4 (EU170480)
|: HD-5

HD-6

100

92

Pseudomonas panipatensis strain Esp-1 (EF424401)

Pseudt Jinjuensis Pss 26 (AF468448)

Pseudomonas otitidis MCC10330 (AY953147)

oleovorans subsp. lubricantis strain RS1 (DQ842018)
Serpens flexibilis ATCC 29606(GU269546)

Azotobacter chroococcum 1AM 12666 (AB175653)
Azotobacter beijerinckii ATCC 19360(AJ308319)

0.005 89 4 b

A ter salinestris ATCC 49674 (AB175656)

E3 HD-516S rDNA EERZ X EH

Fig. 3

16S rDNA gene phylogenetic tree of HD-5
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BN (nah) . XA T (o) B2 LA AL SIE0: | 4
FWZ R o o 22 BB, T MR A — S AT S, 2
i, A BE P fE 40T 0 Mot 2 250 A AN AR, 7 IR A
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