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Table 1 ~ Sampling site information of the surface seawater
Sites Date Longitude Latitude T/C Salinity /%o Sampling depth/m Depth of water/m
B02 20100710 169°57. 49°E 53°19.87'N 7.65 32.97 4.59 1937
BO3 20100711 170°43.25°E 53°59. 18N 7.29 32.87 4.12 3667
BO5 20100711 173°7. 68°E 55°56.57°N 7.69 33.00 2.79 3820
BO7 20100712 176°12. 24°E 58°0. 00°N 7.26 33.14 3.06 3743
B10 20100714 179°20. 52°E 59°41.30°N 8.18 32.65 5.81 3080
B14 20100715 177°41.53"W 60°55.27°N 7.53 30. 86 4.58 130
BSO1 20100719 171°30. 10°W 64°20.27°N 2.22 32.93 3.54 48
BS10 20100719 167°00. 35°W 64°20. 16°'N 6. 44 31.39 3.93 31
BSI11 20100720 168°58.29°W 65°30.23°N 4.58 32.32 3.45 55
RO2 20100720 169°00. 46 "W 67°30. 08'N 5.01 31.99 3.30 50
RO6 20100721 168°59. 00°W 69°30. 00°N 5.15 31. 14 2.84 52
RO8 20100722 168°58. 81°'W 71°00. 19°'N 0.85 30. 35 5.59 44
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1) FeSO, (2.8 g/L) , i 0. 5% (v/v) [f) C,H,;Cl {E
IR s f J T AR B 7Rk pH (HZA O 7.5 QM2 Al
RSB ES JR 3k 24N 5 ¢/ L, FrREmR 4N 0.05 g/L,
W@ SR AL 0.5 g/L, AR 0.5 g/L, B R} A
0.5 g/L, 3L/ 0.05 g/L, H A MW 0.5 /L, M
0.5 g/L,NH,NO,1 g/L, NH,Cl 0.2 g/L, il f1 /% &
0.05 g/L, AT M JE Ry 0.5 /L, Biflg#y 15 g/L, i
pH7. 5, 115°C & [ 28V KA 30 min J5 40 1% 44 A%
O\ K B 1t KH, PO, %k (10 g/L, pH6.7) }% 0. 1% 14
F0.22 pm JEAE R 1 FeSO, (0.4 ¢/L) .
1.1.3 FERF &AL &AM+ ke (C H,,CD
A2 4li, W [ Solarbio ; PCR #H 75X 7 1 Fermentas $&
ERIER R 7 S o s R B TR € P Sl SANTIDAE
AR TRAE (R R S & T IR A W) 5 i T
e & C b Bk 20 A A0 3% i A7 B2 w])
Alphalnnotech #E i A% 1% {X (SanLeandro, California) ;
PCR 4~ 3% {% (Eppendorf) ; Decode System Ff ik {3
(Bio-Rad 72 #]) ; pGEM ® -T Easy Vector Systems
(Promega) -
1.2 C, H,ClREE NS &Gk

FEA KA LS, B 250 mL & - 500 mL [f) JC 1#
KA A #Mn 1% (v/v) (1505 (NH,NO, % 9 g/
L) F# s (KH,PO, % 10 g/L) LA} 0.1% (v/v)
(1] FeSO, (0.28 g/L) , fif i1 0.5% (v/v) [f] C,sH,; Cl
N ME— BRYSAE 4°C F5 AF 1 B R IR T BIAE 3k o]
I R (M B3GR 2 A ), 15 BEAT B A% B RE 1
Ir e WA R B LR RE J TR A M2 B IR L P
B, 4°C 537 2 J > PRICAS [ JE 25 i 3% I AE M2
AR E AR Al Al 2 Uk S Bk DNA %A JF
DR 11l o

UEANEC 4°C 55 97 & A2 ) 10 mL B 3% 1) 100 mL
it NH 577280, T 25°C 150 v /min 33 3% B 9% 2
JEJ s WU B WBCRE AT T IR R AR 1 00 5 23 1 T i TR
4CHE LW N2 mL w4 Y M0 & DNA, 2
17 DGGE i 45 14 73 4t o
1.3 A= DNA R R FHEML D

PRI PR S T AE DNA G £ 142 JIE 3% 11 4 il i [
41 DNA S IBCRA) & U 15 HEAT o [ — i A2 20 5 11
W PR A ] BOX-PCR J5 ¥ 4l B 225, PCR 5] #): 57~
CTACGGCAAGGCGACGCTGACG, § # 4 f:94°C,
4 min;94°C,15 s;53°C,30 s;65°C,8 min, 3t 35 A1
H;65°C 525 min; 1Y 7 WAL HT 2% (1 3505 B B 12 R

VKA o 75 50 B 6] — 3k 47 H A4 [7]) BOXPCR 45 4L
Pl 3 1) TR PR S 7 1 R A% B RR 11 16S rRNA BRI, 3%
Aw R A P300 W ¥ g1 P AT 0 Y. BE S R H
DNAMAN %4} (version 6. 0) %}l JF &5 5 3 47 % 48 -
Pat T e A5 a1 E G 1 5 0 7 7\ (03 i 1
EzTaxon W 3% Chttp://147.47.212.35:8080/) ik 47
Blastn 1 & % &k & 7 #1: & J5 Fl | MAGA & {4
(version 4.0) ¥ & R % kK B M (5 % Neighbor-
Joining, H & 1000 %) -
1.4 16S rRNA £ [F V3 X PCRDGGE

16S rRNA KK V3 X § 14 ™= ) 4l 4k, 1 DGGE
LUK > ey )RS IRl e, o B s e, I 3 o 7 2 B Sk
0sJ.
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) RSP A L 2 95 5 T AR R T G TR i K R B
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proteobacteria Fll Bacteroidetes 1X 5 NN HF] 16 4 &
(B 2) oy A2 J8 & 49 10 4i 1 A0 5 Rl i (39 kk,
T8%), o E oE R & B RO W
(7 NDR U ] J&
(Marinomonas,11 £k) , O W77 38 BIRAS B 50 i 1 2
U8 34 X L £ 7 o A VR A B
(Shewanella,4 ¥k) F1K i J& (Vibrio, 4 £%) 5 Ho Al JLA
FREEHRED o BTG RN > B3 3 ¥k (6% ) » 43 ) &
T Celeribacter F Thalassospira ; Actinobacteria 44 43 &5
2| Rhodococcus J& 1] 2 ¥k (4% ) ; Bacteroidetes 20 43 &
F| Flavobacteriaceae B 5 N E AL (10%) , ILAh & A%
TE W40 B B H & T Arcobacter JE ) 1 BB K o

( Pseudoalteromonas, 12



1014

Jianning Wang et al. /Acta Microbiologica Sinica (2012) 52 (8)

4B14-4

42B14-8

4BS11-8

4R2-1

42R8-2

Pseudoalteromonas nigrifaciens NCIMB 8614(T) (X82146)
4B03-2

2l 4B02-10

4BSI11-1

Pseudoalteromonas arctica A 37-1-2(T) (DQ787199)
Pseudoalteromonas paragorgicola KMM 3548(T) ( AY040229)
4B02-1

0.02

94 —— 42B03-2
L 701 Vibrio tasmaniensis LMG 21574(T)X AJ514912) v
42B02-C3

89

=
=

7 4B02-7
499{ Colwellia aestuarii SMK-10(T) (DQO055844)
4B07-1

77142BS10-3
4‘)9[{ 42BS11-3
Neptunomonas naphthovorans NAG-2N-126(T) (AF053734)

4B10-1
Pseudoalteromonas tetraodonis 1AM 14160(T) (AF214730)
4B05-1
4B14-1

{‘ﬁs‘e‘ﬁ%’o?heromonas translucida KMM 520(T) (AY040230)
6 "

7414R8-1
42R2-3
79:Shewanella basaltis 183(T) (EU143361)

5]|,4BS01-4
W14R6-4

4B14-9-1

65

79

66

95

95| Marinomonas primoryensis KMM 3633(T) (AB074193)
4B10-3
— Marinomonas rhizomae TVIA-Po-145(T) (EU188443)
70| Marinomonas arctica 328(T) (DQ492749)
GLﬁ 4B10-5
4R2-3-3
42R8-4
gﬁ{ 4BS10-6
4R6-6
ii Marinomonas pontica 46-16(T) (AY539835)
4BS11-2
o8| Marinomonas aquiplantarumi TVIA-Po-159(T)( EU188447)
4B02-3
4B07-4
- 4B14-2
4BS11-6
1 Thalassospira lucentensis DSM 14000(T) (AM294944)

<
z

9L 4BS11-BS
Celeribacter neptunius H 14(T)( FI535354) a

%9 _14B10-C2
9%142R2-5
| Rhodococcus gingshengii djl-6(T) DQ090961)
4B10-4

9| } Actinobacteria

4R6-2

| Arcobacter nitrofigilis DSM 7299(T) (CP001999) :| e

% 14BS11-B4

1 4B10-C1

, |Olleya marilimosa CAMO30(T) EF660466)
’—{ 4R2-3-4

Bacteroidetes

9 42R8-1
7] 42B02-1
91— 42B02-C4

El2 ACESEHTAIEFENA 16S rRNA BEE R KR &FH

Fig. 2

enriched at 4°C. Only bootstrap values =50 % (1000 replicates) are shown at the nodes. .

0. 02 nucleotide changes per position.

The phylogenetic tree based on 16S rRNA genes of bacterial isolates from C 4 H;; Cl-degrading consortia

The scale bar represents
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Fig.3  The phylogenetic tree based on 16S rRNA genes of bacterial isolates from C ¢ H;; Cl-degrading

consortia enriched at 25°C. Only bootstrap values =50% (1000 replicates) are shown at the nodes. The

scale bar represents 0. 05 nucleotide changes per position.
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H 4°C H WAL R 25°C R F7 2 M Ja, XN 12
ANEERBET Y B9 8] 62 KR R Wbk, RGHE
th 4 Mt & B e A1l 4 J& T a-proteobacteria, y-
proteobacteria, Actinobacteria I Bacteroidetes 7 ] 31
AN (E3) o o BIBHNII W KRILZ » b7 42% > 2 )
J& T Roseicitreum~ Thalassospira~ Thioclava- Tistrella
By BHEENY 31%, 3 HE & Alcanivorax-
Pseudomonas~Marinomonas J& ; Actinobacteria &y 21%
£ % L Rhodococcus Jj I ; Bacteroidetes 44 % /b
(6%) » AT 4 AWKk 75 25C & Wb, LBk
J& (Rhodococcus) Fl € 42 W & (Alcanivorax) N AL e Fh
& > 73 3] o ) IR B AR S B 15% R 8% » IX P AN JE
PR BT R L A s A 5 v DL B A i R B AR .

WF T W] 5 Z0 R B H A e 5 I e il 3 A 5 2 DL ) i
Y R
2.2 Btk CH,,Cl EfEHE N 3L

W 25 °C 5 AR B a] B IR AR B Bl T A& NH
Brgrderh, 14 d M LA KRG I E 0Dy, fi
(%2) . 4i KR, LA 19 BRI LT AR H C,q
Hy CL &K, 7 &8/ 31%, b fr ke W
(Alcanivorax) 35 J A7 1R L 18 FL A6 F1 B Al 250 L 5 40 3K
(Rhodococcus) B B AT IR U 1K) FLAL R R » 5 95
R4 C H Cl REUR . Mk, AT % (Marinobacter)
X CgHy CL A — 58 M B R X3 AN w2
25°C & 4L T BF W] 55 7% AR T I DL AR R o

R2 BCEEHMPAIERERN C, H, Cl FEREEE N HIKIE

Table 2 Identification of the degrading ability of the strains isolated from enriched consortia against C,,H,, Cl at 25°C
Isolates Closest strains in GenBank Biodegradability" 0Dy,
25B0241 Alcanivorax borkumensis SK2 (T) + + + + 1. 064
25B142 Alcanivorax borkumensis SK2 (T) + + + 0. 682
25BS10-5 Alcanivorax borkumensis SK2 (T) + + + 0.611
25R69 Alcanivorax jadensis T9 (T) + + + 0.761
25R6-8 Alcanivorax venustensis 1504 (T) + + + 0. 626
25R84 Aquamicrobium aerolatum Sal4 (T) + + 0. 346
25B05-8- Dietzia maris DSM 43672 (T) + + + 0.763
25B05-5 Marinobacter flavimaris SW-45 (T) + + 0.317
25R62 Marinobacter flavimaris SW-45 (T) + + 0. 350
25R64 Marinobacter vinifirmus FB1 (T) + + 0.243
25B07-6 Rhodococcus gingshengii djl-6 (T) + 4 0.314
25BS014 Rhodococcus qingshengii djl-6 (T) + + 0.297
25BS102 Rhodococcus qingshengii djl-6 (T) + + 0.376
25R242 Rhodococcus qingshengii djl-6 (T) + + 0.425
25R84 Rhodococcus gingshengii djl-6 (T) + + 0.327
25B03-5 Rhodococcus yunnanensis YIM 70056 (T) + + 0.341
25BS10-62 Rhodococcus yunnanensis YIM 70056 (T) + + 0. 344
25BS109 Rhodococcus yunnanensis YIM 70056 (T) + + 0.358
25R24 Rhodococcus yunnanensis YIM 70056 (T) + + 0.305

a, Growth capability with C,; H,;Cl in NH medium. + + + +, + + +, + +, indicating the growth capability from strong to weak with C ¢ H,, CI as sole
carbon and energy source after 14-day incubation at 25°C , measured by optical density at 600 nm. + + + +, ODy, >1; + + +, 0. 6 <0D, <1; +

+,0. 2<0D,, <0. 6.
2.3 PEFEEE DGGE 247

N T o3 M Co Hyy CL R A 11 A B 4L B 30> AT
DL 25°C w S 1 BE S DNA BB, B JH 40 1 168
rRNA JE K V3 Xl 51 kAT 3 08, SR K4
200 bp B9~ 19 7 4 B J5 BE AT AR MR BB T B K HL Uk
(DGGE) 2 #1 (B 4) o 18 3 X B 8 o 2 7 19 90 i [l
WL~ B U R LG 6y BT (36 3) 5 %5 i 7 4 Tkt
NSNS /NIRRT S RV 2 7

DGGE &t B £ W, 12 AN BE P B B02. B14 F

RO6 25 3 /TR 45 K4 B2 0 1) H 4k, T4 9 A 1 B
Se B2 X BEW] C g Hyy CL B A v B+ 40 il bl A
Z RV S (& 4) o 12 AN BB BT A7 D) el )y 1)
39 AN ST S N e B LG gl G BRSE SR B 19 A
M E, BF a R H 1 Parvibaculum  Thioclava
Mesorhizobium « Thalassospira Aurantimonas
Sphingosinicella Tistrella ; v 2% £ & '] #f) Alcanivorax
Salinicola Marinomonas~ Methylophaga « Pseudomonas

Saccharospirillum F1  Salinisphaera; CFB 2§ H# 11
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Fig.4 DGGE analysis of the C 4 H;; Cl-degrading consortia.

from each sampling sites.
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AN 31 AR . KR, B W R KR
C o Hoy CL R i 1 A oP 70 15 97 bR 1 2 4 1 B 2% 3
ey AU WA A S i B A e 2 AR BN R L

— o Z{LLHE, Coulon 25 DL 2% i = yu7 0] 1 AR ¥ 7K g M4
RHIE 5T A I » i 5 I S0 090 5t A2 5% ) A el B4 A o
G A A i SR R 2

*3 CH,ClBEENT DGGE MEZFHF N
Table 3 The analysis of DGGE preponderant band of enriched by C,, H,, Cl

Phyla Band Closest strains in GenBank Access No. Similarities /bp
a-proteobacteria B073 Parvibaculum lavamentivorans DS (T) CP000774 97.0% (131/135)
B10-3 Parvibaculum lavamentivorans DS (T) CP000774 97.0% (131/135)
BS10-2 Parvibaculum lavamentivorans DS (T) CP000774 97.0% (131/135)
BS113 Parvibaculum lavamentivorans DS (T) CP000774 97.0% (131/135)
RO8-2 Parvibaculum lavamentivorans DS- (T) CP000774 97.0% (131/135)
BOS Thioclava pacifica TL2 (T) AY656719 98.5% (133/135)
B07-2 Thioclava pacifica TL2 (T) AY656719 100. 0% (135/135)
B0O74 Thioclava pacifica TL2 (T) AY656719 98.5% (133/135)
B104 Thioclava pacifica TL2 (T) AY656719 98.5% (133/135)
BS114 Thioclava pacifica TL2 (T) AY656719 100. 0% (135/135)
BS11=2 Mesorhizobium temperatum SDWO018 (T) AF508208 100. 0% (135/135)
R02-2 Mesorhizobium temperatum SDWO018 (T) AF508208 100. 0% (135/135)
RO8H Mesorhizobium temperatum SDWO018 (T) AF508208 100. 0% (135/135)
B02-3 Thalassospira tepidiphila 14 B (T) AB265822 100. 0% (135/135)
B05-5 Thalassospira tepidiphila 14 B (T) AB265822 100. 0% (135/135)
B034 Aurantimonas ureilytica 5715542 (T) DQ883810 100. 0% (135/135)
B054 Sphingosinicella vermicomposti YC7378 (T) FJ442859 100. 0% (135/135)
BS01-=2 Tistrella mobilis TISTR1108 (T) AB071665 100. 0% (135/135)
y—proteobacteria B024 Alcanivorax borkumensis SK2 (T) AM286690 100. 0% (160/160)
B034 Alcanivorax dieselolei B-5 (T) AY683537 99. 4% (159/160)
B144 Alcanivorax borkumensis SK2 (T) AM286690 100. 0% (160/160)
RO64 Alcanivorax jadensis T9 (T) AJOO1150 98.1% (157/160)
B033 Salinicola salarius M27 (T) AM229316 99. 4% (159/160)
B074 Salinicola socius SMB35 (T) DQ979342 95.6% (153/160)
B104 Marinomonas alcarazii IVIA-Po-44b (T) EU188442 97.5% (154/159)
B10-2 Marinomonas alcarazii IVIA-Po-44b (T) EU188442 96.2% (153/159)
R023 Saccharospirillum impatiens EL-105 (T) AJ315983 95.6% (153/160)
R024 Saccharospirillum impatiens EL-105 (T) AJ315983 95.6% (153/160)
R024 Methylophaga thalassica DSM5690 (T) X95460 100. 0% (160/160)
BS104 Pseudomonas pachastrellae KMM 330 (T) AB125366 99. 4% (159/160)
B05-6 Salinisphaera hydrothermalis EPR70 (T) EU740416 95.6% (153/160)
Bacteroidetes BSO14 Vitellibacter vladivostokensis KMM3516 (T) AB071382 98.7% (153/155)
BS013 Vitellibacter vladivostokensis KMM3516 (T) AB071382 98.7% (153/155)
BSO14 Vitellibacter vladivostokensis KMM3516 (T) AB071382 98.7% (153/155)
B052 Joostella marina En5 (T) EF660761 100. 0% (155/155)
B053 Joostella marina EnS (T) EF660761 99.49% (154/155)
BSI114 Prolixibacter bellariivorans ¥2 (T) AY918928 100. 0% (155/155)
Actinobacteria B032 Microbacterium oxydans DSM20578 (T) Y17227 100. 0% (140/140)
B03-5 Rhodococcus yunnanensis YIM70056 (T) AY602219 100. 0% (140/140)
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Diversity of C,, H,, Cl-degrading bacteria in surface
seawater of the Arctic Ocean

. . 1 . 1 o1 .1 -2 1*
Jianning Wang , Chunming Dong , Qiliang Lai , Longshan Lin", Zongze Shao
'Key Laboratory of Marine Biogenetic Resources, ’Laboratory of Marine Biology and Ecology, the Third Institute of

Oceanography, State Oceanic Administration, Xiamen 361005, China

Abstract: [Objective] To detect the diversity of the degradation bacteria of halogenated-alkane form the surface seawater
of the Arctic Ocean. [Method] Twelve surface-water samples from the Arctic Ocean were collected and enriched using
C,H,,Cl as the sole carbon and energy source. Bacteria from the enriched cultures were isolated on marine agar, and
followed by 16S rRNA gene identification and phylogenetic analysis. Further, their degradation ability was tested with C
H,,Cl. The bacterial community structures were further examined by denaturing gradient gel electrophoresis (DGGE) .
[Result] In total 112 isolates were obtained from the 12 samples, of which 19 isolates degraded C,H,, Cl. Bacteria of
Alcanivorax and Rhodococcus exerted good emulsification and degradation, whereas bacteria of Marinobacter also had the
degradation capacity, but less. DGGE analysis revealed that Alcanivorax, Parvibaculum and Thioclavawere dominated in
the enriched consortia. [Conclusion] The C,, H,, Cl degradation bacteria in the Arctic marine environment mainly
belonged to a—-proteobacteria, y-proteobacteria, actinobacteria and bacteroidetes. This is the first report on the diversity of
degradation bacteria of halogenated alkane in the Arctic Ocean. Our result contributed to the knowledge about the arctic
environment and the biodiversity of degrading bacteria.

Keywords: the Arctic, surface seawater, C,,H,,Cl, biodegradation; diversity
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