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WE . BURIMAIN Z AT RIS YY), JB T 36 H EPA (RFe4 100 16 FhZ 05 b &4, e M b I N 1 AR W i 4
ZRTE. ARG AT A IS G i = AR R DR T 1 A R B R AR , 28 o AR AR AR ARRAE A 16S «DNA JF 5
IHT WIS I A R AV Martelella sp. AD-3. ZKIAHRTE 0. 1% ~10% RYEREEH 6.0 ~ 10. 0 (¥ pH 7 [l N, BIRE 4% [
B HAR MBS BRI 25 mg-L™" | #REE 30°C | pH (A 9. 0 FIELSE 3% , EMALAF FHiFR 6 d, B R
R IAS] 94. 6% . AR T IR IHE 1 XU AU o W3 (1) VR MR IF 514, 853 850 PCR 7 345 DU B3 IR A8 43 7
%1 307 bp (GenBank: JF823991. 1) , 5 HF )@ Marinobacter sp. NCE312( AF295033 ) &k 2 WU 48 il A 37 366 1) 3 43 B 18 I
B [RI G B A 95%

KR R REREIRE ; 2T, B AR SO A

FESES. X172 XEARIRE. A XEHRS: 0250-3301(2012)11-4062-07

Isolation, Charcaterization of an Anthracene Degrading Bacterium Martelella

sp. AD-3 and Cloning of Dioxygenase Gene

CUI Chang-zheng' , FENG Tian-cai', YU Ya-qi’, DONG Fei', YANG Xin-mei', FENG Yao-yu', LIU Yong-di',
LIN Han-ping'

(1. State Environmental Protection Key Laboratory of Environmental Risk Assessment and Control on Chemical Process, School of
Resources and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China; 2. Patent
Examination Cooperation Center of The Patent Office, State Intellectual Property Office of China, Beijing 100081, China)

Abstract: Anthracene, among the 16 US EPA polycyclic aromatic hydrocarbons ( PAHs), is a typical low molecular weight

environmental contaminant, which gains concern on its biodegradation under hypersaline condition. In this study, an anthracene-
degrading bacterial strain was isolated from highly saline petroleum-contaminated soil. Based on its physiological, biochemical
characteristics and 16S rDNA sequence analysis, the bacteria was preliminary identified and named as Martelella sp. AD-3. The strain
was able to utilize anthracene as sole carbon source for growth and the degradation occurred under broad salinities (0. 1% to 10% ) and
varying pHs (6.0 to 10.0). The optimized degradation conditions were initial concentration 25 mg-L ™" culture temperature 30°C ,pH
9.0 and salinity 3% . And 94. 6% of anthracene was degraded by strain AD-3 under the optimal conditions within 6 days. Degenerate
primers design was performed with a reported dioxygenase a subunit homologous gene. A length of 307 bp fragment of the partial
dioxygenase gene sequences (GenBank accession; JF823991. 1) was amplified by nested PCR. The clones amino acid sequence from
strain AD- 3 showed 95% identity to that of the partial naphthalene dioxygenase large-subunit from Marinobacter sp. NCE312
(AF295033). The results lay a foundation for the further study of molecular mechanism involved in the PAHs biodegradation by strain
AD-3.

Key words : moderately halophilic bacteria; polycyclic aromatic hydrocarbons; anthracene; biodegradation; dioxygenase
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RO ARIEVF 2w HE S S0 E A B
PAHs (RED 7 (HAFSE & B AE B £ PAHS 5
ARSI AE D HE AN B R Eh B P, X PAHs 19 R BR
RCR B 2215 I FH v R AL W I i e R B
PAHs R RESEA RLAEAS  ITAE R 2 e ",

B4 (Anthracene ) J2& B Y [ fIX AR X 43 i &
PAHs Kb G, HA5H B oCAE B MR I [a] B
(Bala]P) MIZ&IF[a] B (Bal a] A) P RIFEAFLE, &
W HE A Y 5 PAHs AOREELLL S 4012 9%
17T e R PR T 2 e it T R A R
S8 MR F A b T G i e R 3 b o B 3 1 AR
(I REAR TR, X ELHEAT T FAE A 50, 000 T %
TEA RIS T B A R R, DL SR I 1 3 T
(AU AR I DR, L SR TR AT 901 W R 1T % i 22
I I7 18T GL 1 4 LI B9 JE A

1 #MREFZE

1.1 ME
L1 FESFRIE

K RE AL T AR A BE R (37° 477 ~
37°84'N, 118°39' ~119°8'E ) RKihF 10, HIEIL F L
H12~15 g-kg™' ,pH 7.3 ~7. 8.
1.1.2 33t

ToHLEL B 35 2L (sea salt defined medium, SSDM)
BEREE R 10% ", S25 Hh T 1) 04 4% AR B (0 75 3%
S LTI R RRIC . IV, V- FP 5 T g P i Aot T
10 rng-ranl E@(&,ﬁﬂﬁ%%)ﬁ?ﬁtbﬁﬂﬁﬂ/\ﬂ%m
BRI,

WM IR 5L (g- L") : NaCl 30, 25 F1 iR
10, BEREE 5,00, 2, 3R # 15.

1.2 s
121 BERERENEE . 55

A 3ok L0 e A v Bk e DU
— B IR FNRE R B A | Tk R R . IS g R
A 100 mL % 100 mg-L~ %,ﬁ/&gﬁ 5% WK FEHE
H1,F30°C, 150 remin ' #EEHR G HE SR 10 d, FEA%
10% Fe i i i 2 B0 fef 1 5 5L b s AR B 97, Wt =R
B4R SRIE NI TR AR A B8 0 €8 A8 b 1) 35 57 W
AR RRAT B 5 200 mg- L' B0 42 85 15 55 5L P b
L PR [ SRR ) SR e RE D |, 24k )5 o0 Sl
FRENE 25 mg- L BUICHLER 85 5 5L b | 3 o v 20
AR AT 53 BT I8 BRG] AR A 58 3 e ELAR A8 Y TR
— 5.
1.2.2  BEREMRRE IS E

3 o o oA A T A B AR REPE D RN 16S 1DNA J
I AT T % E . DL AD-3 BSR40 DNA gt
M, ¥ 4% 16S rDNA 5|9 )% 51 5 5k, F27 5'-
AGAGTTTGATCATGGCTCAG-3'H1 R1492 5'-TACGG
TTACCTTGTTACGACTT-3", PCR L W& % (50 wL)
H5:10 x LA PCR buffer T ( Mg’* ) 5 uL. 10
mmol+L ™" dNTPs 8 pL. 20 pwmol-L™'5[#4% 1 pL,
ddH,0 33.5 pL. LA Taq B§(5 U-L7") 0.5 pL., %
FI4] DNA 1 pL. PCR JZ W 2% ~:94°C 5 min;
94°C 0.5 min,50°C 0.5 min,72°C 2 min, fE¥R 25 &%,
FEH 72°C 10 min. PCR 7F=#) 53 5l 2 458 )iz o1 i 2 Ak
Rl &alifh, 5 pMDI8-T # K %E8)5 , Bk L3 E.
coli DHS o TR BR , £ % 2 "N 5 75 R 1Pl B HE 7, ¥k
PRV G 1L, 48 PCR MG USRS , B i AR T 4R
WAL BT

B 45 R 5 NCBI (hitp ://www. ncbi. nlm.
nih. gov/) [ AYAISE 16S rDNA 751 #E47 AH AL 1H: kb
XEHT, R Mega 3.0 B FE4T & Ge itk 4k 2 ¥,
Kimura2-Parameter Dis-tance A58 i 1k 1F B , H
neighbor-joining A48 22 45 % & #, 1 000 YK Fifi HL 4
FE 1 B 51 S8 (bootstrap ) LATEAL 2R 45 & B W 1
HIEE.

1.2.3 R

1 30 mL —E WL W5 AR E T 100 mL 1Y
HETEH T, 3% 5% 3R ( Dy, =0.05) , T 30°C, 150
remin T REIRG IR, B BFIURE 4300 GE Dy, F
R T s G SRR B O VR B W1 4R pH
{H, 35T R B, B9 A% DR 3R 0 TR i 20O 1 52
Wi DA B ) 5 BTG HILER 15 77 3 R X BE 42 B R
R D = (c, —c¢;)/c, x 100% 8917 X THE, L,
co A AL BRI ¢, R 5 IR 25 AR 35 R 5L
HBU R

T EE S Sy R RRER A 5% R pH S 7.5 1Y

FIRIL, MBI ERE N 25 mg- LB A3 0AE 25
30, 37°C & F R %, 6 d J5 20 B il T % B
W,

TR B S S . SRR AR BE R 5% F pH A 7.5
EEFR L. R R RREE N 15, 25, 50, 75
mg-L~" T 30CHIRTHFR,6 d J5 ol w Bk

AR RS S . PR BRIV N 25 mg- L7,
pH 7.5 WRiFREE. 0 nlfEEREEN 0. 1% ~10% 11
LT 30°C 244 FREFR,6 d Ja 43 B il o B 3%
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pH {H 5 Wi 3¢ 56, BE £ B 00 I Wk & o 25
mg-L~" EREEN 3% MREFREL. 430l4E pH M 6.0 ~
10. 0 MBI N T 30°C 44 F 1597, 6 d Ja Al e
B R VR
1.2.4 BT

i) 28 30 i S () 35 R B I A SRR 2R 2
fig  IZUAR T 26 B 30 min, #8425 B2 A HL
. R AR K, & IFA P, B 10 mL 7£ 40°C &
W4, F 10 mL (9% B s i % B 0 0T 8 s
FiEAT HPLC 43 8. 43 B 4% #4 )2 . SHIMADZU LC-
20A 5 B AR {6 3% 1, SPD-M20A %8 Ak 46 I 5%
CTO-20A FEJE4f . LC-20AD % | Shimadzu VP-ODS
EiEH: (150 mm x 4.6 mm i. d., 50 pm), LC-
Solution &% T Eul , Kl 4 8 254 nm , it s AH N
FE: 7K =80:20, iR 1 mL-min ™", FE7E A 40°C |
AR 10 pL, BRI B AR 16. 5 min.

1.2.5  RUIAERERI | DR a5 o3 b

e R R 2 2 L MBI e 2
MBI AD-3 400 ,30°C {8 & B 3553 0, o 1RAE
TERG IR LS AN 10 mg M| W95 £, 30°C 18] & 1
75 h, WIS B AL

LI AD-3 THEE 4] DNA AR, A H 528 PCR
P18 G A SIS o IV L PR ST IX AR 43 3 R 7 371
i 51 W 31S: 5'-GAGATGCATACCACGTKGGT
TGGA-3', VU S 275 47 38 o 22 [G 1 248 T 50D 4 g
5 w5l #'°', PAH-RHDa GN F. 5'-
GAGATGCATACCACGTKGGTTGGA- 3, PAH-RHDa
GN R: 5'-AGCTGTTGTTCGGGAAGAYWGTGCMGT
T-3', PCR WK R ¥ 34 & 1F S 75 73 Hr 2 0L
1.2.2 5. Sf—8P 3519 K 31S, PAH-RHDa GN
R,%6 % ¥ # 5| ¥ ~ PAH-RHDa GN F, PAH-
RHDa GN R. B KR 53C.

96

100

B 3B
2 #REIHE
2.1 AR SRR R B alifl

MR R () - e fh 2t 4 IRE R R A
BN FR A E Y 35 32 ), 70 35 372 1 7 rh i o D
FEREFRN Dy , KT AT LIFES A 25 mg- L' 1)
BRI p A K UL Z IR A A P By 27 W RE DL
HME—BRIEAAEIR A K. RIS R SR WTE & S
TRAFEEFRES AR R B TR A, P 2R KB . AT
B HOE AW R V%, 2ad i, alifb/5 158 3tk
B LA BUR ME— B U R BB U5 A K B B AR , S 128 [
R B RCRINE , BEBE T 1 MR MR & AR E
(TR R A 45 A AD-3. 12 T Wk 16 90 4R VR B 0 25
mg-L~" ,pH 7.5,30°C, 5% Eh¥&E, 150 r-min 'Y
TSR 6 d, WAL RIS AL DB 0B 2
SR, 2 U TR RR AE DA R M — Bk 5 ORD B U A=
£,6 d JABYREAR RN 30.9% . FEAMIN 0. 02% )T
BERY (915 B0, BB A% i 8 B AY B Af, RE A oR AT Gk
44. 7% A IV BE 10 I b 38 i BT (R itk 2 30 0%
0] 4 A
2.2 BRSNS E

L RTE & SRR ARG TR AR S 0 s
3dJE,HEERE, HAY 1.5 mm, i ME, 6
W, ANEW WS WIREE N ER, 522K
Yete M AR AL AD-3 BERRAN IR SR 5 N
VP Sk BAE , 15 | e S2 56 4y B E.

FIA 16S rDNA 3 FH5 953517 PCR 14 3K45 1)
HE DNA F B, 45301 390 bp A9 16S rDNA #
437 51 ( GenBank % 5% 5 & GU086202) , 1% 751 5
NCBI |2 #jI& % 16S tDNA JF:5 317 Blast 4347, 5
AD-3 JEYAHRIE B 55 1 8 Martelella J& 0B AR , 3%
A G A& 19 16S tDNA J¥ 51l ] Neighbour-joining

Rhizobium tropici CIAT 8997 (U89832)
Agrobacterium rhizogenes IFO 132577 (D14501)

100

<‘91 L—— Rhizobium gallicum ISSDS-850 (EF634023)
Rhizobium oryzae Alt 501 (EU056822)

Martelella mediterranea MACL11" (AY649762)
100 Martelella sp. AD-3(GU086202)
99| Martelella mediterranea (EU4409557)

49— Martelella mediterranea 7-16 (GQ180904)

0.02 100

Burkholderia sartisoli RP007 (NR_041709)
Marinobacter sp. NCE312 (AF295032)

Pseudomonas stutzeri AN10 (PSU22427)

E1 EFE#k AD-3 MELHXRBIEFEHKM 16S rDNA FII RS LR

Fig. 1 Phylogenetic tree based on 16S rDNA sequences of strain AD-3 and related species
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method fEERG LB (B 1). HE 1 W0, Bk
AD-3 {ii T Martelella 772 b, 456 FERGRME . A3
AALFRPERT 16S tDNA JP51 04T, B bk AD-3 %78 5
fr%4 K Martelella sp. AD-3( CTCCM 2011218).
2.3 AD-3 TRARFEAR B AR
2.3.1 B R AR OR R

R R J 5% , pH SN 7.5 I, AS[R) IR 55
PR XF 25 mg- L' BW BRI LA 2 BT, AD-3
FE 25, 30, 37°C T #BREMS R A B, 3¢ B A% 1R 1% At L
X R AT 37 A3 R, 7E 30°C s i 31 5 5 )
R 44. 7% .

50

40 b

HH

30 -

WA/ %

[

20 |

10

25 30 37
IR C

B2 HIFBEX AD-3 EikMEBERNRI
Fig. 2 Effect of incubation temperature on

anthracene degradation by strain AD-3

2.3.2  WIUR TR T R A AR ) 5 )

TEREFRIEERE N 5% ,pH SN 7.5 ,30°C i}, AD-3
X AN B TR B A S 0L AN L 3 TR FE BT IR vk
JEH 15,25, 50 175 mg-L~" BT 30°C ¥ K P %
I 6 d 5, BRI 53.1% . 44.7% |
20.5% f110.2% . SEPIIHRUE R 25 mg- L',
HCRR AR (R 3 R [mg- (L' -d) '] e KN 1. 86
mg- (L' -d) =", Wl B X T B AR YR R AT
—ERIREIR, 7E > 25 mg- L™ BV BEE Bl , [ o
N i 23R 47 i JH R 32 190 185 o T 32 A AR A, 400 75
W BN IR — 2 M EER, B Bk
JEE B0 T At T X T G A R A T S 0T R
MR <25 mge LB, RE AR (1) 735 1R B AR
AR IR PR 2 O P A AT R B B R R BE TR
T AN R A A1 e i 35 2 4 B A9 2 KR o dh
T BE T AD-3 TR WK [ 7 RS WA A Ling 2501 47
B Y EE PR R R Bacillus vallismortis JY3A % EE B R%
Ff 2 SR ZARL, XY 5 25 5 v A N 2 P W B ot o s
RRHST P R iR A AR

60

0
50 | 1
T
a0
&
@ 30|
#
.
20| T
10 x
0
s 25 50 75

B /gL
B3 EiREX AD-3 BEikFEBRENZIN

Fig. 3 Effect of concentration of anthracene

on its degradation by strain AD-3

2.3.3  EREEX B MR SCR R A

AFEREE T AD-3 FXF 25 mg L~ B AYRE
fRZETNE 4 TR, LIRSS SR, B3 B Eh
XTPERR AD-3 B B RSCR A . TR R
HEFERNO0.1% . 1% , 3% . 5% . 8% Fl 10% 15 i
T, T fi R AR IR h 45.6% . 78.0% . 44.7%
27.2% F16.6%. Btk AD-3 7£0. 1% ~10% f£h BF
T ] NS4 R A5 A 3501 R A BB, E 3% R BRI SR T,
BB RSCR fm. TEmBERN T  HEA KT
BRGNS, B A 3 B A R T B P38 v T R K AT B
BT T o | 4 A2 3 T, S T 4 B Y
AR X —BRAE SRR T 0. 1% 805 T 10%
(B AR SR ) B, A W 3 B B R R 4, i
IR RN R AD-3 M AR KT 2 — o I h B 45 14, 75
RER B I ER 5 1F B ASBERR M 1. AR I Kushner' ™
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