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CO (28°4127.6"N, 121°26'49.2"E). C1 (28°41'6"N,
121°29'13.2"E). C2 (28°40'32.16"N, 121°33'32.4"E)3
Al g (1), B RCREER R DORIIFE 0,
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1
Fig.1 Sampling station in the Jiaojiang River estuary

IERMIINE L IR FR N £
KA 2= AR AR 1IN 5 2 O DT A 2F 53
W75 (Heijs et al, 2008); G MUK E(TOC)H &
HHER D HT(TOC-V CSH, H A By irise; &
R 8 (TN)H & A i 3 8 7 B4 (SKALAR Primacs
SN, far =2)HEAT I, B 2 B (TP) T AH IR Bk 43 ot
FEVEREAT I E (B AR GB/T20260-200).

1.3
1.3.1

1.2

100 g ,
90 mL ( ) , 180
30 min ,
Zobell 2216 ,

r/min

1000 , 25°C ,

1.3.2 ,

, 2008):

(M ; (2)
; (3)

; (4 ,

1.3.3

>

API-20E(
) API-20NE(

) API-20E
23 ,

API-20NE

( , 2009)
1.34 16S rDNA
) DNA
(TaKaRa ) DNA, 16S
rDNA 27F(5'-AGAGTTTGATCCTGGCTCA
G-3")  1492R(5-TACGGTTACCTTGTTACGACTT-3")
PCR 50 pL : 10xbuffer 5 pL,
dNTPs 0.5 pL, Primer 27F 1uL, Primer 1492R 1 pL,
H,0 41 puL, Taq (TaKaRa) 0.5 pL, DNA 1 puL
PCR :95°C 5 min; 94°C
56°C 30, 72°C 2 min, 35
10 min PCR
DNA 1300 bp
BLASTn(www.ncbi.nlm.nih.gov/BLAST/)
, 97%
1.4
1.4.1
FastPrep
FastDNA spin kit for soil
(Bio-Rad )
PCR 341F(5'-CCTA
CGGGAGGCAGCAG-3")  907R(5'-CCGTCAATTCC
TTTGAGTTT-3") ( )

1 min,
72°C

DNA 16S rDNA
(MP Biomedicals )
DNA

DNA

1.4.2 PCR
pMD-18T vector (TaKaRa ) 16°C
R (E. coli)DH5a

(TaKaRa ), ,

PG, 1 56H]H Bellerophon (http:/comp-
bio.anu.edu.au/bellerophon/bellerophon.pl)£E £k 2 5k ik
A4 TN BLASTn F2 P RARBME T, HHAT &
GRE M. K ClustalX (Version 1.8)%f 41 HHT
Eo XS 20 M7, ik MEGA 5 %AFHIE RS KT W
(Kumar et al, 2004), X Neighbor-Joining #4515,
B 45 B EAT Bootstrapl000 R & ZiAa i A H
PHYLIP #4401 DNASIS #2571 57 05 B 4 g, A1 H
DOTUR # ¥ AHAE>97% 14 3 &1 2 — 4~ OTU,
T 5 2 FE 1 T B0t 22 ) W B il £& (Schloss et al,
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2005). KIFFEFK 16S IDNA [RFH) S5 4 Co: 2.2
KP016015—KP016127; C1: KP016128—KP016210; 78 ,
C2: KP016211—KP016297; A HiFR#tk 16S rDNA 66.7%, 33.3%
(¥ 511 % 515 4 : KP016596—KP016699 . :
2 )
, 19
2.1 API-20NE  API-20E ,
Co C1 C2 2 , 52.6%
1 > 1 > Co (Aeromonas salmonicidasp.
(TOC) (6.74 g/kg) (TN) salmonicida),
(528 mg/kg) TOC TN 16.8%( , 2009); ,

: CO>C2>Cl; (TP) 2 (Vibrio vulnificus) (Vibrio alginolyticus)
(628mg/kg), TP : C2>C1>C0 (Pseudomonas cepacia) 10.5%,
E1 HUIOSTRYINS (L 2ishr (Providencia alcalifaciens)

Tab.l1 Chemical measuremeer;z;;sediment in Jiaojiang River (Tatumella ptyseos) (Sphingomonas
paucimobilis) 5.3%
(m) (g/kg)  (mg/kg) (mg/kg) 2.3 16S rDNA
Co 5 6.74 528 565 43 16S rDNA ,
Cl 5 5.32 405 518 41 1400bp
C2 5 5.97 519 628 BLASTn , 41

F2 ARAEFAREMEEER
Tab.2 Identifications of the culturable bacteria
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C1A07 ) >
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ClA17-
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C1B06 , >
C2A03 , >
C2A04-

—_

C2A10 , >
C2A13 , >
C2A14 , >
C2A18 , >
C2A19-1 , >
C2A19-2 , >
C2A20 , >
C2A21 , >
C2B04 , >
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4 : (Firmicutes) y- (Gamma- (Exiguobacterium) v-
proteobacteria) (Actinobacteria) B- s s
(Betaproteobacteria), (Vibrio nereis) (Vibrio alginolyticus)
2 (Vibrio parahaemolyticus), C1B06
(Vibrio) ( 23 3 )
(Oceanobacillus) (Bacillus) s 2007
50%, MM21 (Yue et al, 2010) B-
co C2 , Cl , OTU,
, (Alcaligenes) (Alcaligenes faecalis) (Arthrobacter
(Lysinibacillus) (Arthrobacter), protophormiae)
Co C2 Cl 2.4
(Exiguobacterium), (Sporosarcina) 2.4.1 16S rDNA
C2 120 ,
-~ sequin R
Bellerophon , 3
% 113 84 89 , 550—700bp
%7 DOTUR >97%
o OTU, CO C1 (2 OUT
g 907 59 57 72
2 - 3,00 Cl 2 Shannon
40 , Simpson , C2
30- - — — , Cl , CO ,
20 . I - ( 4 Chaol Jack
104 . = i , Cl (Richness)
0 1
o C1 c2 ,
B5A (Aveargeness) (Magurran, 2011)
n EE Vibrio » ZFE/N\BIREE Sporosarcina

Y EITEE Oceanobacillus m SF5E4TE Bacillus
u INEEIEIRIFER®E Lysinibacillus m 51T& Arthrobacter
m ) \iTE® Exiguobacterium B FWATE Alcaligenes

2

Fig.2 The ratios of the clone libraries in taxonomic group of the
three stations

DOTUR >97%
OTU, 41 14 OTU OTUs
16S rDNA ( 3 )
(  31.7%),
(Bacillus megaterium)
(Bacillus marisflavi) (Bacillus
pumilus) ;
(Oceanobacillus) (Sporosarcina)

F3 HWUIOMRMAES HMEREH—KER
Tab.3 Bacterial diversity indices in sediment of the Jiaojiang
River estuary

ouT
Bias-corrected Jack Shannon  Simpson
Chao 1 knife index (H') index (D)
co 113 59 227.000  226.941  3.406 0.066
Cl 84 57 327.250  247.795  3.819 0.017
C2 89 72 214.583 222318  4.190 0.006
2.4.2
BLASTn 3 286
8 ), (Proteobacteria)
(Acidobacteria) (Chloroflexi)

(Gemmatimonadetes)
(Nitrospirae) CFB

Bacterioides)

(Cytophaga-Flavobacterium-
(Actinobacteria)
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100 COA08-2
_:Bacmus sp. bC38(2011)(JF772469.1)
C2A19-1
W:Bacmus marisflavi strain KUDC1727(KC414706.1)
75 —ECOANQ
100 Bacillus megaterium strain PCWCW5(GQ284474.1)
95 I—02A.1 9-2 ' N
100L— Bacillus pumilus strain Ljb-10(KF814106.1)
C1A20
100 Oceanobacillus sp. USC97.2 (HQ441225.1)
100 100 C2A12
70 COA17
100 _|:Oceanobaciﬂus sp. R-33052 (HE586374.1)
[—C2BO1
100L— Sporsarcina sp. W-5 (JX473727.1)
COA08-1
100L— Exiguobacterium sp. NBRC101653 (AB681515.1)
C1A02
100L— Arthrobacter protophormiae strain DSM 20168 (NR 026195.1)
100 ——C1A04
| Alcaligenes faecalis (GQ856253.1)
99 C1A17-1
100 { Vibrio nereis strain KJ-W43 (JQ799134.1)
100 _54:01 B06
Vibrio parahaemoluticus strain MM21 (FJ547093.1)
100 CO0A20
_91|: Vibrio alginolyticus strain ZDS-6 (JN188406.1)
3 16S rDNA
Fig.3 Phylogenetic tree of the culturable bacteria in 16S rDNA gene sequence
805 —rp Y- ; a- :
07— 10.62% 5- B- C1
60- c2 ’
55 50+ )
g;g ( 60.71%) a- B- o
204 R 23.81% 11.90% 11.90% C2
101 >
0 F—— , - . . ' 32.59%, C2
0 20 40 60 80 100 120
R 5 17.98%, ;
4 5
Fig.4 The rarefaction curve of three clone libraries 3 (33.71%)
(Firmicutes); 23.1% ; 3 )
42.7%, Y- 16.8%, a- 14.7%, o-
, 6.3%, B- 4.9%,
5 : CO , 5- ( ,
: 37.07%  2007; . 2008);
26.55%, 3 ; ( 11.5%),
v- , 21.24%, (8.5%) (Liet al, 2008);
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u B84 E 7] Acidobacteria = CFBEf CFB group
= ZEE (] Chloroflexi " R4 #E4HE Unclassified Bacteria
[F827] Firmicutes = FEfEE("] Gemmatimonadetes
= [ {YURIFES ] Nitrospirae a-ZE &4 Alphaproteobacteria
B-ZSHZ&4 Betaproteobacteria = 5-I5T 54 Deltaprotecbacteria
= y- 5540 Gammaproteobacteria = /#4557 Actinobacteria
5
Fig.5 The clone librariy ratios of the bacterial groups from the three stations
( 10.5%) CFB Cies Y-
3 , ; RODAS-143 (99%),
Cco ; CFB group Latescibacteria C2 CO0 _44(1 )
Y- beligica
2.5 2005/10-ZG-6 -
251 COo whipidpliRaE R kT Co_6(2 )
MEGAS5.0 #fF, K CO 3 sl 78 1H BLASTn [ LEXT 8- CMOCI10
SR RGN, SR 6. Co
, O- Co - v- ,
R CO0_328(2 ) ,
(Hyphomicrobiaceae) Co0 129 (24 ),
DMSNI111 (98%), C0 306 Etang de Berre ¥
2 ) 17bis TOh-oil
96% CO0_42(2 ) Guiana
(Sphingomonadaceae Oxy6), CO0_10(1
) 4 211
o- S52-8-036, C0 29(1
) ( , 2009),
(Hyphomicrobium sp. CM38D10) Co CO0_128(9 )
(98%) vy- Co , ,
COo 69( 14 ) DHI132B19 (98%), C0 47(1
(Piscirickettsiaceae DS021) ) Diisseldorf  Flingern
97%), C0 323(2 ) D15 16
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4
Co , 8 CO0 334(1 )
4 OTU, CO_88(5 ) EK CK647 EK CK623
( ) ,
ONGS217, 3 C0_336(1 ) PAH
3 OUT, , PYR10d12 (99%)
Co_1 Diisseldorf  Flingern 252 Cl
(Rubrobac- MEGAS.0 , Cl BLASTn
teraceae sp. D15_40), C0_332(1 ) , 7
7 C0328
78 { Uncultured Hyphomicrobiaceae bacterium clone DMSN111 (KF500726.1)
C029
% { Uncultured Hyphomicrobium sp. partial 168 rRNA gene clone CM38D10 (AM936463.1)
Co10
% 4100: Uncultured alpha proteobacterium clone S2-8-036 (KF786955.1)

o
—L

—
00—

—
—l_

—
10l—

100

3

57

93

98

89

100

51

100

99 100

6 CO

—a

%

C0 336

Uncultured soil bacterium clone PYR10d12 (DQ123672.1)

C0 306

Sphingomonadaceae bacterium Oxy6 (AY858797.1)

Co 69

Uncultured Piscirickettsiaceae bacterium clone DS021 (DQ234105.2)
C0 323

Uncultured gamma proteobacterium clone RODAS-143 (JF344121.1)
Co 44

Uncultured gamma proteobacterium clone Belgica2005/10-Z2G-6 (DQ351802.1)
C0 129

Uncultured Chloroflexi bacterium (FM242278.1)

C0 42

Uncultured Chloroflexi bacterium clone 4 211 (KC010016.1)

Co6

Uncultured delta proteobacterium partial 16S rRNA gene (AM935994.1)
Co 128

Uncultured Nitrospirae bacterium clone DH132B19 (JN672641.1)

Co 47

Uncultured Nitrospiraceae bacterium clone D15 16 (EU266856.1)

Co 1

Uncultured Rubrobacteraceae bacterium clone D15 40 (EU266877.1)
Co 88

Uncultured actinobacterium clone ONGS217 (JX241011.1)

C0 334

Uncultured Actinomycetales bacterium clone EK CK623 (JN038200.1)
C0 332

Uncultured Actinomycetales bacterium clone EK CK647 (JN0O38198.1)

16S rDNA

Fig.6 Phylogenetic tree of bacteria in 16S rDNA gene sequences in Station CO
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100 C1342
72 Uncultured Acidobacteria bacterium clone ANOX-038 (JF344600.1)

C13
4100: Uncultured delta proteobacterium clone SS08 065 (KJ566296.1)
Uncultured Actinomycetales bacterium clone EK CK623 (JN038200.1)

100 Uncultured Actinomycetales bacterium clone EK CK647 (JN038198.1)

—— C1113
] E— Uncultured delta proteobacterium clone MVS-83 (DQ676421.1)

52 100

100 C1334
100 Uncultured Alcaligenes sp. clone Y251 (EU328096.1)
C1133
100 Uncultured Thauera sp. clone S-123 (HQ132455.1)
64 100 C1319
Uncultured bacterium clone P0X4b3C11 (EU491445.1)

Uncultured gamma proteobacterium clone 46 EDB3 (AM882571.1)

60 { C1311
100 Uncultured Steroidobacter sp. clone 5 56 A9 b (JQ087043.1)

100 C176
Uncultured alpha proteobacterium clone D46 (KC492854.1)

ﬁ

|

100 C137

Uncultured bacterium clone OX H12 (FN429564.1)
C196

100 Sphingomonas sp. PQ-4 (KF145129.1)

— C1181

9

52

ﬁ

D46,

(
AHL

PQ-4) v-
C1 311(1

>

100 L—— Uncultured Bacteroidetes bacterium clone RIFOX020 (JQ580107.1)

7 Cl1 16S rtDNA
Fig.7 Phylogenetic tree of bacteria in 16S rDNA gene sequence in Station C1

, Cl 556 A9 b ClI B- 3-
a- Y- - ,
, C1_76(6 ) Cl _113(4 )
a- 5- MVS-83

C1 96(3 ) 94%, Cl1 3(3 )

) Svalbard 0- SS08 065
(Sphingomonas sp. B- C1 _133(6 )
, C1_300(1 )
) (Thauera sp. clone S-123) (98%),
Etang de Berre % Y- C1 33401 )

46 EDB3, Y- (Alcaligenes sp. Clone Y251)
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Cl , C1 181 4 C2 317(2 )
) Cies DH133B17;
RII-OX020 C2 27(2 )
(98%); C1 342(1 ) De371 (97%);
ANOX-038( C1 181 C2 333 C2 336 C2 352 1 )
); C1 316(1 ) CI1 325(1 ,
) Actinomycetales bacterium clone
EK CK623 EK CK647 EK CK623 EK CK647 EK CK647;
Cl , C2 374(1 ) C2 72(1 )
C1 37(1 ) Etang de Berre ,
OX HI12; ONGS161 ONGS217
C1 319(1 )
PAH Cies R
P0X4b3Cl11 C2 371(1 ) C2 329(1
2,53 C2 ),
MEGAS5.0 , €2 BLASTn OXIC-127 RII-OX047
, 8 C2
, C2 ;
- v- Y- C2 13(2 )
, C2 313 ) Bizerte DH132B19,
bS] Y- 5m-84 C2 314(2 )
95%, C2 337(2 ) LakeCentre25
Y- (99%), C2 334(2 )
Belgica2005/10-130-24 (100%), C2 3102 Bogota RBE2CI-22
) (99%)
(Piscirickettsiaceae) C146300241
(97%), C2 29(1 ) 3
3.1
v- ONGS147 o- , )
C2 2(1 ) ( , 2007, , 2008),
(Hyphomicrobiaceae) )
H3-43, C2 313(1 ) ( , 2009)
Catellibacterium sp. clone OTU-27-40m )
(99%), C2 320(1 ) )
Altererythrobacter sp. clone OB38-2 ,
B- , C2_300 —
(Thauera sp. clone S-123) 6- , ( , 2008),
C2 358(1 ) Mallorca ;
3- MS-A223 )
(98%) ( ),
(Nogales )

etal,2001), C2
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72

Cc229
& ﬂi: Uncultured gamma proteobacterium clone Belgica2005/10-130-24 (DQ351767.1)
C2 337

76

73

Uncultured gamma protecbacterium clone ONGS147 (JX240952.1)

82
c23
100 |: Uncultured gamma protecbacterium clone 5m-84 (GU061255.1)

[—CZ 310

100L—— Uncultured Piscirickettsiaceae bacterium clone C146300241 (JX530845.1)

,—CZ 300

100L—— Uncultured Thavera sp. clone S-123 (HQ132455.1)

— C2 329

100L—— Uncultured Bacteroidetes bacterium clone RI-OX047 (JQ580134.1)

1 C2371
86 { Uncultured Acidobacteria bacterium clone OXIC-127 (JF344397.1)
C2 358
100 Uncultured delta proteobacterium clone MS-A223 (FJ949275.1)

§

100 C2 320

Altererythrobacter sp. OB38-2 (JN942147.1)

100 c22

Uncultured Hyphomicrobiaceae bacterium clone H3-43 (JF703489.1)

97

y

54 { C2313
100 Uncultured Catellibacterium sp. clone OTU-27-40m.ABB (JQ624354.1)
100 c213

L Uncultured Nitrospirae bacterium clone DH132B19 (JN672641.1)

100 C2 374

90

L Uncultured actinobacterium clone ONGS161 (JX240963.1)

9% Uncultured actinobacterium clone DH133B17 (JN672635.1)

80

99 Uncultured actinobacterium clone ONGS217 (JX241011.1)

58 cz227
|: Uncultured actinobacterium clone De371 (HQ183925.1)

Uncultured Actinomycetales bacterium clone EK CK623 (JN038200.1)

C2 352

54 Uncultured Actinomycetales bacterium clone EK CK647 (JN038198.1)
— C2 334

100L— Uncultured Fimicutes bacterium clone RBE2CI-22 (EF111142.1)

,—CZ 314

100L—— Uncultured Chloroflexi bacterium clone LakeCentre25 (JQ726863.1)

8 C2 16S rDNA

Fig.8 Phylogenetic tree of bacteria in 16S rDNA gene sequences in Station C2



4 897
( Y-
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BACTERIAL DIVERSITY INSEDIMENTS IN JIAOJIANG RIVER ESTUARY

JIANG Ran', WANG Jian-Xin', HUANG Bei’, ZHANG Pan', ZHENG Jun-Wei',
YU Kai-Cheng', LIU Ming-Hua'

(1. Zhejiang Ocean University, Laboratory for Marine Microbial Molecular Ecology and Application, Zhoushan 316022, China;
2. Zhoushan Marine Ecological and Environmental Monitoring Station in Zhejiang Province, Zhoushan 316021, China)

Abstract We studied the diversity of bacteria in sediment from three sites in Jiaojiang River estuary and the

phylogenesis in bacterial clone library in conventional isolation, purification, and identification procedures. The results of

16S rDNA analysis showed that for cultured bacteria, Aeromonas salmonicida was the main species, and y-Proteobacteria

and Firmicutes were the dominant groups; while non-cultured bacteria included mainly Proteobacteria, Acidobacteria,

Chloroflexi, Gemmatimonadetes, Nitrospira, CFB group, Actinobacteria, and Firmicutes. Each site featured own bacterial

clone. In overall, y-Proteobacteriain was the dominant group in sediment of the estuary, and the similar sequences of many

typical clones were probably derived from environment pollution by heavy metals or petroleum hydrocarbon.

Key words Proteobacteria; API; 16S rDNA; community structure



