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PAHs MIFEAFRLFE i 4 8 AR W LA (. WF90K
P X FRAE VA 10 B e 2 DR S e B R T IR e 1)
FRIARABLRE AR 5 3 e AR DAY 1) PR A1 I oK o #8 R
W9t 2 R M TE 8 Pseudomonas ) LA J Fo e 14
B AR K E . W W, £ Novosphingobium
aromaticivorans F199 T 5 i 25 1) Jik DRIRT 8¢ fit Y 25 1)
PR AR FLAZ SOy A 5 i e S o e 2
IR AL o bR A JE R A%, I AN B e
TT AR L S B KRR R Bo

XA B A T AN EL B A B 0 e e 0, ik B
Iz B B UE R) B8 D0, 4 G TR AR Novosphingobium
aromaticivorans F199 %' Sphingomonas sp. CHY-1 N

Novosphingobium pentaromativorans  US6-1" N Sphin-

gomonas sp. A4 W01 A LA B AN B R 55 9 3 R 4 1
ZINTTREAE NI 2 Pl Ve TS B, ol ] X S
R R AE R IR G T K AR 2 I S L EE M . AT
FRAE T MR TG VR R 2 DR < i KRE i
PR3 AR 1 PR3 S T Y B A 1A, JF Y DGGE
BRI 22 5057 Je Bt v B v I L3 T EAT T 2047

1 AR

1.1 ##l
1.1.1  EZRFI DS 25 (g 255 17, gl &
99.8%): dE €luka, > 97%): th. Sigma, 98% ) H H
R EERER BE OXOID); BB ¥ Bio Basic Inc.);
CTAB- SDS. Triss TEMED~ N 4 [t [l « N, N7 -H1 SCXCA
JEWENL LR R % Sigma)s Taq B INTP. Agarose €1
VK2 ) DNA 7 F i bnifE TaKaRa)o Dcode Universal
Mutation Detection System  (Bio-rad )5 PCR X
Eppendort) ; %t K AR AL Alphalnnotech) s HL 7 4t
RV Bartorius)s pH v G785 W ) I AR FE 2%
KA); THVE R FE 50 Memmert); THIR B F2FE K (LT
W0 o
1.1.2 HiF¥k: O % % PAHs FFAR B RERT 95 3L 76
1 LEREE K 43 B 0 1 o WS IR %%, 0.8 g R &
B, 0.2 g BERRE 1, 2.8 x 1077 g MR AR, 2R /5 I
ANESLEW 0%, RO AW (%, AR
B PAHs VRAY) €80.4 o/L, 3£ 0.4 o/L, 1£0.2 g/L)
PE R w A KTl . QM8 BRIk B,
1.2 MERYEH ERAREBREENES BiE
FE MAR-MC2 & 24°23.247 ;N 0°9.96") /& Hi
Rt —"5 7B 2= 5 M AE 2005 4 DY105-17A 8K
LA R VG 2 B 351 1m ¥R FH 255 KRR 88 K
RN B IKFES . FE i MAR-MC3 W11°68.357 ;'S
21°18.90" ) A MK PEHVE AT 4046 m iR 2 8K

FEASKAERINT 0 ~ 18 em HOYIRY).

FE SR AE 5 ST B AE B S5 = HEAT & R TR
7E 100 mL 47 2 mL S8 1 MR 7K 55 75 2 n A
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100 mL% 13 PAHs V45 9 0 BRI 7K 15 77 5 v e 4
2 IR, 19 2 PAHs P# fi# W #F MC2D. 53 Ab, 7E
100 mLE AT 1 g U MR K B 238 In N 2g DUAR
YIFE i MAR-MC3, 75 R FE AT T REIR KR IR 2 AN
IR IE R FRYILE 100 mL %5 PAHs T8G9 (1) kit 7K
B B b i B 4 2 IR, 19 B PAHs BF fi# TR BE
MC3CO-
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B R E 2 B I B KR IR SR i R
10 £5 F 51 FHJC i BRI K BEAT B BE R RS, JF BB 506
ML 3 AMBE BEVRAT T M8 5 % 2 V45, T 28°C 131
oS 9T S N RN Y S A N R RS B 7
PRI RI 2 218 8 11 M8 T-hk. BHEKIZL 1~2 &
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W), 0 25 i BRI K R AL S M B S
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Znk 2~ 4 KRG, B IR AR IR I B AR 4 A
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A A B X HE
1.4 16S rRNA B9 & M F. Lk R ARFZ A E S

KA 41 Bl H 5190 16SF 67 -AGAGTTTGATCC
TGGCTCAG-3"), 16SR 6’ -ACGGCTACCTTGTTACGA
CT-3’)PCR ¥4 16S tRNA /741

18I PCR "4 E.Z.N. A Cycle-Pure iR 7
Gt e, HEE S L 2 w1 AT, 35
¥ P300 6" -CCAGACTCCTACGGGAGGCAGC-3" )

W7 #3210 g5 B8 A2 #) NeBD Wk HF 47
BLASTN 7E 4¢3 517341, 13 2] GenBank 15 45 % 14 #
e R F w1 2 76 R AR M) 16S tRNA 2 K 7 471
PR R R IE [ 2 2% TR 168 rRNA J7 515 AT 5]
I3 M DNAMAN ZEAT 2041, i RGe K G W
1.5 T4 E KB IK Denaturing Gradient Gel
Electrophoresis, & #% DGGE)

KH SDS 5 £ B 42 % A 17 B FF i TP 1) DNA
Y4 DGGE-PCR = N Bt KM 519 V3F 6 -
CGCCCGCCGCGLGCGGCGGGLECGGGCGGGGGCACGGE
GGGCCTACGGGAGGCAGCAG-3 ")+ V3R G -ATTAC
CGCGGCTGCTGG-3" DX 4l T 16S rRNA JTFI T V3 X
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HAT PCR Y4 KA K PCR F2/7 41 F:95°C 4 min;
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1 min, 72°C 1 min, fE¥F 18 ¥X;72°C 10 min.

DGGE I 2R P Ik Jie AR 550 8 9% » 7% 1k 1)
FHYEEIR 20% ~ 65% o FHLUK ZZ PP 4 4 60°C,
SRJEINFE o FEAR TR DNA 1F D BRI, B4 FF i
703 3 3L 150 ps FAERT T 254% PCR =4 K
ORI A4 3 15 pll, AR5 5 Loading Buffer T2
i EFE. BBEREASEE AR 1 50 L BERT, RRIKEL
15 L. 55 Loading Buffer V&%) J5 LFE. FRIKERF 1T
30 V15 min; 130 V,4.5 he
1.6 DGGE B B#x R EZ B9 [E1U I & bE 3 43 4

DGGE HLUK &5 3 J5 85 158 A 3% B A b /N o0 38
R\ EB G4 1 20 min, RS HAME . R A R
25t R I IR TR BE A% 7 4% B 5 K DT BR, BT
1.5 mLEOE . Y TR H DDW ik 2 ~ 3 Ik,
SR PR S B 5 48 B IS o N 15 LDDW, 1%
FlALEE 2 R, AFE 40 BE U HH ] DNA. BA & H b
DNA Fr B3 #5545, L5140 V3F, V3R H8T PCR
P4, PCR ALt BB G, ¥4 E. coli, PREL
BH A B 200 000 e 25 AT LE XS 20 #
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W, B A 19 B PAHS B AR R R @7 44 0 MC2D.
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1E M8 ARG 7R3 b, BB BE MC2D
TEF) 10 R0 B, 10 M BREE MC3CO H i IE 3 6 PR 4N
Wo LI AR IR0 FE I 4] DNA WA PCR o %
FI1) 168 rRNA JER 2 1.5 Kb, 440 J5 HE T,
BN PR & 800 bp) 348 # NCBI LA BLASTN F47
HEAT EESF 93T, 79 31 GenBank "' 5 L3R 4 % R il
MZHEHR & Do ARG DR EN I A7 Ik &
PR e 22 T R (1) 7 51 2 N ZE W0 A4 DNAMAN F4 78
RERER E Do

#1 PAHsFEREBDAIEFEMER 16S rRNA ST

Table 1  Bacterial isolates and their 16S rRNA sequences analysis from two PAHs-degrading consortia *

Strains  GenBank

Accession No. )

Closest type strains in GenBank database Accession No. )

Length of fragment

for alignment analysis/bp Similarity/ %

4B DQ768677) Tistrella mobilis TISTR 1108" AB071665) 849 99.53
4D DQ768678) Novosphingobium pentaromativorans US6-1" AF502400) 854 97.07
4E DQ768679) Tistrella mobilis TISTR 1108" AB071665) 851 99.41
4H DQ768680) Tistrella mobilis TISTR 1108" AB071665) 853 99.88
4] DQ768681) Alcanivorax venusti 1504 AF328762) 875 98.63
4K DQ768682) Tistrella mobilis TISTR 1108" AB071665) 850 99.41
4L DQ768683) Alcanivorax dieselolei NO1A  AY683531) 880 99.21
4M  DQ768684) Alcanivorax dieselolei NO1A  AY683531) 877 99.77
4N DQ768685) Alcanivorax dieselolei NO1A  AY683531) 877 99.66
4P DQ768676) Stella humosa DSM5900 SHU535710) 856 91.24
5A DQ768687) Halomonas meridiana DSM5425 $IME306891) 866 99.89
5C DQ768688) Alcanivorax dieselolei NO1A  AY683531) 867 99.54
5F DQ768689) Thalassospira lucentensis DSM 14000" AF358664) 814 95.58
56 DQ768690) Thalassospira lucentensis DSM 14000" AF358664) 844 96.68
5H DQ768691) Alcanivorax dieselolei NO1A  AY683531) 867 99.42
5] DQ768686) Tistrella mobilis TISTR 1108" AB071665) 828 99.52

* Tsolates numbered with 4’ before a letter were obtained from consortium MC2D, and numbered with 5’ from consortium MC3CO.
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Fig.1 Phylogenetic analysis of the isolates from PAHs-degrading consortia MC2D and MC3CO. The phylogenetic tree was constructed based on 16S rRNA

gene sequences fragments &bout 860 bp). 4’ and 5’ in isolate numbers stand for consortia MC2D and MC3CO respectively. Reference strains used in the

phylogenetic tree can be retrieved by the database accession number in parentheses. The numbers at the branch nodes are bootstrap values based on 1000 re-

samplings for maximum likelihood. Only bootstrap values greater than 90% are shown. Scale bar equals approximately 5% nucleotide divergence.

2.2 FIHEFFLAE 16S rRNA % 7E . FERRHE /130 IE

TEFTA 23 B3 1) R BE FR B RR o, P B KRR
B3 ol 2 5 Alcanivorax  dieselolei NO1A  6/16) Al
Tistrella mobilis TISTR 1108" 6/16) 2% % K & i JL I
Witk A. dieselolei NOTA /& MR AP PHERIDIN
g BRI, RE S B R 2 Bl ki e T. mobilis
TISTR 1108" AN keI A DAy A AC B Y, {HLIE ) LA
TE41 iy BB PHAs ERFZSL IR iR MR .

[ B Ak 4D AHABL B 5% = 1K) 52 Novosphingobium
pentaromativorans US6-1" 97.07% ), B Ik US6-1 At
FIHIZFh 2 ~ 5 50 1F) PAHS 154 AR KBRUR Mo Bk 4]
PR Alcanivorax venusti 1S04" [ AH AL B 1 2] 98.63%
WK 1804 it #h JF H AT BUR) AT Se k8 4 A Kk
Ui B, BRE 4P PR Stella humosa (¥ 3505 AL A K
91.24% , €A A B — R -

IFE SA B Halomonas meridiana DSM5425 (1) AH
AREIE 21 99.89% , {HIE T AN E B iR AL % PAHs 7N
TR . E GenBank ' [A) R FE SF5G AHAL S
fa1 (/& Thalassospira lucentensis DSM 14000" & 97% ),
AR AN BE PR AR 2R

X AERE IR R I PAHSs [ A4 BE ) 24T T I E
KOLBR T WPk 4D REWS B % 5 1 2% L 3 EE [N PAHSs
AV, TS R RE A Z PAHs BR## 1. Ui 9
A R AR0 38 773k 5 O AN e 3R A B AR 1T R o
(BT AT B v o T AR R 1) 2 T AR A T

AR AR L RIS VK OGGE) 1 LAAE — & FEJE Lo
S PR A AR AT AR v 110 2 ISR MR R

2.3 PAHs BRREMPAIIERMEENHE

2.3.1 PAHs B fi# B #F MC2D M i n) 85 75 00 455
43 ) LA R 1 B S, DINA R4 1% 7 41 1 3 TR 41 DNA
R PCR 9385 3 168 rRNA & V3 X 2 200 bp
M B o i8IS DGGE 73t A : B MC2D 5 A 8
AT Sy, Lo 45 4-3 R 4-8 1) 5% 5 55k, 4-
54-6 IR 4-24-4 159, 4-1.4-7 55659 o 1 BE 471
ST R 55 S WA B (AR B, 4R 4-3.4-5.4-6
1 4-8 FTARGR I BRAR N 70 % B B AL

W 2 iR, BRAGHT 4-3 X IR BEPE AL 4A, TTERSC
5 4-8 BTNV [ B A A 4BVAE4H 4K . mobilis TISTR
108", >99% ). "B AT EL AR I B AR 1T A b I A 34 BT, (H
PAHs FEFSII0 R BT EA A S PAHs FRARE .

WFE 4L.4M 2 AN A . dieselolei NO1A,99.21% )
M%7 4-5 XY CRIBK 4D V. pentaromativorans US6-
1',97.07% )RSk 4-6 XN F3k 2 Bl B 43 ) 2
WEE L JE bR  PAHs [ AR 1T, 0 TX A B i vl B b
(I

PIPE 4) A, venusti 18047, 98.63% ) FG5 55711 4-
T XN o JIECME 4-1.4-2 F1 d-4 ANEERI S B 2 40
AHEN N, eV T BB IR R B R Wbk . XX 3
AN BEAT DBC DU Y, 3857 210 43 B i s LTl
HOAT
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Fig.2 DGGE profile 20 to 65% denaturant) of PCR-amplified V3 region fragments of 16S rRNA gene from consortium MC2D and its isolates. PCR products
of all single isolates from this consortium were loaded. Lane 4A;4B,4D,4E,4H and 4] stand for isolate 4A,4B,4D,4E,4H and 4] respectively; lane MC2D,
consortium MC2Ds lane 4K,4L,4M and 4N stand for isolate 4K,4L,4M and 4N, respectively. Predominant DGGE bands 1 ~ 8 correspond to bands 4-1 ~ 4-8

respectively.

2.3.2 PAHs B #E MC3CO I n] 15 R0 34 A
Qg B & ¥ 4T DGGE 43 #1 & IL: PAHs B i 121 1
MC3CO LA 11 A4y, F 4 s 5-4.5-625-84
5-9.5-10 M5 Fe i, 5-1 IR 5 5-225-3.5-5.5-7-5-11

5A 5B sC

FEMOICO 5G SH 3 5F

Fig.3 DGGE profile 20 to 65% denaturant) of PCR-amplified V3
region fragments of 16S rRNA gene from consortium MC3CO and its
isolates. PCR products of all single isolates from this consortium were
loaded. Lanes5A;5B,5C and SE stand for isolate 5A, 5B, 5C and SE,
respectivelys lane MC3CO> consortium MC3COs lanes 5Gs SH> 5] and 5F
stand for isolate 5G» 5Hs 5] and 5F respectively. Predominant DGGE
bands 1 ~ 11 correspond to bands 5-1 ~ 5-11 respectively.

Wi 3 PR, fEdmse i) 5 N4, B T 4kl 5-
8 AR N 1) 1T 5 R B AR AL, Hok 4 A4 T %
XN IR B RE . Forh 4kaly 5-4 R 5B X5 457
5-6 FIRPE 5C5H A dieselolei NOTA, >99% X}V
257 5-9 5B 5G.5F @. lucentensis DSM 14000 s
<97% IR 45717 5-10 SWIPE 5] @. mobilis TISTR
1108"599.529% MWW o LA _E 5 A4k BT AR 3R 1) 18 Ak
JZBERE R IR, S AT S TP B R 5C.5H 2
ot Jak B R TR, 1T AT R PAHS FRARAE 1V 5 (H 2, A8
i B % PAHSs 4018 1T BEA7AE T RET RSB T o

WK SA ® . meridiana DSM5425,99.89% ) #1155
5007 S-11 AHXT o LA 5 AN 99 457 # B A R Y. 1)
PRIR: , SXo) Tk 6 [ figf A1 FF 2% Aty kAT [ se I
2.4 PAHs BRREMPRIEFRMBENHE
2.4.1 PAHs B&f# 1R 1 MC2D 1 (1) A 55 F5 00 34 04 «
Hbrgcir U RIS , BEAT I Lex & 2). 4%
W4l WHY MBI HMWT . &40 42 5
Alcanivorax borkumensis Sk2" /] 16S rRNA LAY Ky
96.91% , B P e —DHFle A, borkumensis Sk2"
BE RE Ao e, SnT AP 2B A 4 2 T TG 1 7 42 v e
FEr A R R R B R R WL A& 44
Alteromonas litorea TF-22" FAILE K 100% , (H A
S RTINS (TS
2.4.2 PAHs FEf# R #E MC3CO IR BE FRIL 3B -
VIR 6 AN, 3 MW 6-2.5-5.5-1D%
HA 2 H BT A, & 5-1 5 Pseudomonas
aeruginosa PD100 AH LB 4 99.48% . 4577 5-3 ER
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Alcaligenes sp. 18-67 HIFHLEE 4 100% , B #K 1S-67
OBl OB fiR B KA Y. & 58 B
Novosphingobium aromaticivorans DSM 12444" FAHALLIE
399.41% . WKk DSM 12444 REFIHI K057 F ) 605

T RRBA R o 10 ) G4 11— I X 28
I RIS B K R R R LR R
FUFIE 8240 T BB A 1 PAHs 15 e — T 51

fE i .

%2 M DGGE BRH T BB B 575 Kl b3 45 3R
Table 2 Sequence analyses of bands retrieved from the 16S rRNA DGGE profiles

Bands GenBank Accession No. )" Similarity”

Most closely related strains in GenBank ~Accession No. )

42 DQ768710)
4-4 DQ768711)
5-1 DQ768706)
5-3 Q768713)
5-8 DQ768707)

188/194 96.91%)
194/194 400% )
193/194 99.48%)
194/194 400% )
168/169 99.41%)

Alcanivorax borkumensis Sk2" ABY12579)

Alteromonas litorea TF-22" AY428573.1)

Pseudomonas aeruginosa PD100 AY825034.1)

Alcaligenes sp. 1S-67 4Y346140)

Novosphingobium aromaticivorans DSM 12444™ CP000248. 1)

a. Numbers before -’

stand for codes of the consortia. Number 4 stands for consortium MC2D, 5 stands for consortium MC3CO. Numbers after -’

stand for

numbering of the bands in the DGGE profiles. b. Identical nucleotide bp)/length for alignment bp).

3 itib

PIAS B A RE AR B R K A M, N
Alcanivorax dieselolei NOIA F1 Tistrella mobilis TISTR
1108" 35 2 K R il [ R #K , B AL Novosphingobium J&
(R PR A0 T, ) BT TP A BB A TR ) 5 0 L AT
SR, T ATT 5 I B AR M AT R REAF A 2 S e
Jihh, AE BB MC3CO ' 5 Thalassospira lucentensis
DSM 14000" SR K R BIT B FR §GSF) W 3L
UELGRORIERTE

BRI E AT Alcanivorax spp. ) /& PR 85 o
AR H B — IR R B 1, ' 1 E A STl
R oy 10 B A Vo AEAR 2B R, B TR T A
SUAE D A0 e B DR N R i 3R AT R A DR O B A AE
PAHs 1 by ME—BUS ) 55 IR B R BEAT T P4 )
T A B RE TR TS AR w] L2318 21K B 1% e 1) 4 1A, 4
5 o7 K R 4 Alcanivorax ~ dieselolei  NO1A I
Alcanivorax venusti 1904" &% 1, & 2, &l 3) LA L %417 4-
2 FTARE M —8E S Alcanivorax borkumensis Sk2" AHAEA
FEALH 96.919% AR BEFR AN B o 126 fr 4 1 g 14
BRAT TR 25 1 Bl v A b B AR 35T, e AT I it
TE R T2 SEDTHR AT BE AL 20 WA AR AR TS P 7 i A
ZHHAF LS PAHSs IOZEDIRI TS itk PAHS ) F%
fig i B, Yakimov 2% (1 WF 5T & BL P
Alcanivorax borkurnensis SK2 731 2 4 8 45 & T 4
JIE 2 T PR — 70 4 2 B I 4 T P 700 T LA K B R i
SKITA 72 mN m™" R EFE] 29 mN m™, FE AR T
PERT LAFE 70 3 iy e R o 1) A% o 3, IR 4264
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Predominant strains of polycyclic aromatic hydrocarbon-degrading consortia from
deep sea of the Middle Atlantic Ridge

Zhisong Cui' s Zongze Shao®”
{ Marine Ecology Research Center, The First Institute of Oceanography, State Oceanic Administration, Qingdao 266061 > China)
¥ Key Laboratory of Marine Biogenetic Resources> The Third Institute of Oceanography, State Oceanic Administration, Xiamen
361005, China)

Abstract: IObjective ] In order to identify the predominant strains of polyeyclic aromatic hydrocarbon PAH)-degrading consortia
harboring in sea water and surface sediment collected from deep sea of the Middle Atlantic Ridge. [Methods] We employed
enrichment method and spread-plate method to isolate cultivable bacteria and PAHs degraders from deep sea samples.
Phylogenetic analysis was conducted by 16S rRNA gene sequencing of the bacteria. Then we analyzed the dominant bacteria in
the PAHs-degrading consortia by denaturing gradient gel electrophoresis OGGE) combined with DNA sequencing. [Results ]
Altogether 16 cultivable bacteria were obtained; including one PAHs degrader Novosphingobium sp. 4D. Phylogenetic analysis
showed that strains closely related to Alcanivorax dieselolei NOIA §/16) and Tistrella mobilis TISTR 1108" §/16) constituted
two biggest groups among the cultivable bacteria. DGGE analysis showed that strain 4L @lso 4M and 4N, Alcanivorax dieselolei
NOI1A,99.21%),4D  Novosphingobium pentaromativorans US6-1",97.07% ) and 4B @lso 4E, 4H and 4K, Tistrella mobilis
TISTR 1108", >99% ) dominated the consortium MC2D. While in consortium MC3CO» the predominant strains were strain 5C
@lso SH» Alcanivorax dieselolei NO1A, >99% ), uncultivable strain represented by band 5-8 Wovosphingobium aromaticivorans
DSM 124447,99.419%),5] Tistrella mobilis TISTR 11087,99.52% ) and 5F flso 5G» Thalassospira lucentensis DSM 140007,
<97%). [Conclusion] We found that strains of genus Alcanivorax, Novosphingobium, Tistrella and Thalassospira were
predominant bacteria of PAHs-degrading consortia in sea water and surface sediment of Middle Atlantic Ridge deep sea, with
Novosphingobium spp. as their main PAHs degraders.
Keywords: Polycyclic aromatic hydrocarbons PAHs): biodegradation; Middle Atlantic Ridge; deep sea: Novosphingobium
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