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44

16S rRNA
20 70
(Delong, 1982;

(

B

2004; , 2008; , 2009)

>

16S rRNA

z1
Tab.1

, 2002),
, 2002; Elke et al,

1

11
111

(D

His A EFLER

Location and type of sewage outlets

(

)

121°58'39"E
39°04'40"N
122°01'43"E
39°04'30"N
121°44'48"E
39°02'36"N
121°47'16"E
39°1'18"N
122°02'39"E
39°04'59"N
121°41'11"E
39°0622"N
121°34'09"E
38°52'43"N
121°32'7"E
38°51'57"N
121°20'44"E
38°5920"N
121°49'59"E
39°03'17"N

T Q m o U O W

—

1.1.2 2011 3 5 8 10

100m
500m

500m
100m

>

100m 500m
1.2
1.2.1

3A 3A5 3A,

0.5mL 3iM

, 28°C, 3d,

mL

S5m

5m

1.2.2
2216E
(0.5% , 1.0%

, pH 7.5, 121°C,

(
24—48h

, 1.8%
20min)

>

TCBS
), 28°C,

1.3

16S rRNA

BLAST
131

3A,
DNA
R 100pL
DNA
PCR 16S rDNA

: 16S-27F: 5'-AGAGTTTGATC-

15min,

B

1.3.2 16S rRNA
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CTGGCTCAG-3"; 16S-1492R: 5'-GGTTACCTTGTT-

ACGACTT-3, , PCR ,
DNA 16S rDNA PCR PCR :
95°C 4min; 94°C 45s, 55°C 45s, 72°C
1min, 35 ;72°C 10min 25uL

: 10><buffer 2.5uL,
dNTPs 2pL, 10pmol/L

DNA 1pL, 2.5mmol/L
IpuL, 0.25uL Taq poly-

merase, ddH,O 25uL
1.3.3 16S rDNA PCR
1.3% )
s GenBank
16S rDNA Blastn
1.4
Microsoft Office Excel SPSS16.0
2
2.1
M s
9 2 9
2.1.1
R 3 5m 100m 500m
1, ,
SPSS16.0
, 500m
0.986 (P<0.05), ; G C
R Sm 0.941
(P<0.01), ( 4
2.1.2
« 3,
Sm 5 8 ,100m 500m
8 5 )
(95

F2 HSEORSBAEKGAEEHHELSH
Tab.2 Total bacterial numbers in sewages and adjacent waters
in different seasons

(><10* cfu/mL)
) 3 5 8 10
A Ao 120.0 18.0 22.0 20.0
As 9.2 6.6 7.0 6.0
A 0.28 — — —
A, 0.24 — — —
B B, 24.0 25.0 * *
B; 6.5 4.0 * *
C Co 10.0 48.0 86.0 18.0
Cs 10.0 16.0 40.0 13.0
C 0.04 0.50 0.50 0.24
G, 0.08 1.80 0.12 0.12
D Dy 19.0 100.0 * *
Ds 1.10 9.0 * *
E E, 200.0 500.0 242.0 70.0
Es 30.0 380.0 66.0 60.2
F Fo 50.0 62.0 100.0 30.0
Go 20.0 18.0 96.0 90.0
Gs 1.8 12.0 40.0 50.6
G, 0.30 8.0 26.0 0.52
G, 0.03 0.70 0.60 0.01
H H, 40.0 110.0 64.0 68.0
I Io 24.0 300.0 40.0 90.0
Is 7.0 50.0 6.0 36.0
J Io 6.80 10.0 1.6 8.0
Js 430 0.8 — —
3 #HEORMSEKEFERMAMEEFHEE

Tab.3 Average bacterial numbers in sewages and adjacent wa-
ters in different sites

(>< 10" cfu/mL)

3 5 8 10

51.38 129.70 81.45 49.25 77.94

Sm 7.950 68.11 31.80 28.17 34.00
100m 0.210 4.250 13.25 0.380 4.520
500m 0.117 1.250 0.360 0.065 0.448

2.2
2.2.1 16S rRNA
, PCR 1.3%
, 1500bp
BLAST , . Es-

cherichia fergusonii ( ) Vibrio tas-
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3 m 35 g];g B 50
;:3 C1 % I B 5m
2 = 100 0100m
X SRS * 80f 0.500m
B B 20t
Al o %
‘ #5350 5m 100m 500m - 39 58 83 108 2F
1
Fig.1 Distribution of average bacterial numbers in sewages and adjacent waters in different sites and seasons
Fz4 TEMNSEHAEHENEXNE
Tab.4 Correlation of bacterial numbers between different sites
Sm 100m 500m
(n=8) Pearson Correlation 1.000 0.941%* 0.436 0.028
Sig. (2-tailed) 0.000 0.281 0.948
Sm (n=8) Pearson Correlation 0.941** 1.000 0.323 —0.136
Sig. (2-tailed) 0.000 0.435 0.748
100m (n=8) Pearson Correlation 0.436 0.323 1.000 0.169
Sig. (2-tailed) 0.281 0.435 0.689
500m (n=8) Pearson Correlation 0.028 -0.136 0.169 1.000
Sig. (2-tailed) 0.948 0.748 0.689
(n=4) Pearson Correlation 1.000 0.929 0.364 0.986*
Sig. (2-tailed) 0.071 0.636 0.014
Sm (n=4) Pearson Correlation 0.929 1.000 0.235 0.930
Sig. (2-tailed) 0.071 0.765 0.070
100m (n=4) Pearson Correlation 0.364 0.235 1.000 0.201
Sig. (2-tailed) 0.636 0.765 0.799
500m (n=4) Pearson Correlation 0.986%* 0.930 0.201 1.000
Sig. (2-tailed) 0.014 0.070 0.799
n=8, G ; n=4, 5k
(P<0.05); **. (P<0.01)
*5 ETHEHEBEMEXE
Tab.5 Correlation of bacterial numbers between different seasons
3 5 8 10
3 (n=7) Pearson Correlation 1.000 0.629 0.644 -0.063
Sig. (2-tailed) 0.130 0.118 0.894
5 (n=7) Pearson Correlation 0.629 1.000 0.692 0.459
Sig. (2-tailed) 0.130 0.085 0.301
8 (n=7) Pearson Correlation 0.644 0.692 1.000 0.195
Sig. (2-tailed) 0.118 0.085 0.675
10 (n=7) Pearson Correlation —-0.063 0.459 0.195 1.000
Sig. (2-tailed) 0.894 0.301 0.675
3 (n=4) Pearson Correlation 1.000 0.998** 0.983* 0.903
Sig. (2-tailed) 0.002 0.017 0.097
5 (n=4) Pearson Correlation 0.998%** 1.000 0.984* 0.880
Sig. (2-tailed) 0.002 0.016 0.120
8 (n=4) Pearson Correlation 0.983* 0.984* 1.000 0.902
Sig. (2-tailed) 0.017 0.016 0.098
10 (n=4) Pearson Correlation 0.903 0.880 0.902 1.000
Sig. (2-tailed) 0.097 0.120 0.098
n=7, ; n=4, ; ¥ (P<0.05), **.

(P<0.01)
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maniensis (
parahaemolyticus (

) V. natriegens ( ) V.

) V. metschnikovii (

) V. harveyi ( ) V. furnisii (

) V. splehdidus ( ) Enterobacter asbuuriae
( ) E. aerogenes ( ) Proteus
mirabilis ( ) Buttiauxella brennnerae
Alcaligenes faecalis ( )

) Staphylococcus equorum (

) Pantoea agglomerens ( )
Sejongia jeonii  Cronobacter muytjensis (

)  Shigella flexneri ( )
Arthrobacter protophormiae ( ) Serratia
nematodiphila S. marcescens ( )
Shewanella decoloratiponis ( )
Shewanella putrefaciens ( )

Listonella anguil-
larum (

Marinomonas (
( ) Pseudomonas stutzeri (
) P. xanthomarina ( ) Pseudomonas
alcaliphila ( ) P. pseudoalcaligenes (
) Chromohalobacter israelensis (
) Polaribacter dokdonensis
addita Alteromonas macleodii ( )

) Pseudoalteromonas citrea

Alteromonas

G , 86.67%,
(Staphylococcus) (Salinicoccus)
(Arthrobacter)
(Nesterenkonia) G* 13.33%,
(Protebacteria) y- (Gamma-
protebacteria) (Enterbacteriaceae) 9
(Escherichia) (Enterobacter)
(Proteus) (Buttiauxella)
(Pantoea) (Shigella)
(Serratia) (Erwinia)
(Raoultella), 30.00%
2.2.2 ,
s S5m
. 44.97%
, GHI ,
2.3

(A°CEFGH I

Salinicoccus halodurans Nesterenkonia aethiopica ( pH COD BOD:s
) Raoultella terrigena ( (BODs F H);
) Erwinia tasmaniensis ( ) C pH COD SS
Halomonas variabilis ( ) Paracoccus (Suspended Substance, )
zeaxanthinifaciens Psychrobacter maritimus ( ( 6
), 30 3
99% ,
97% , 99% 3.1
, 97% (Drancourt et al, )
2000, 2004), , )
*6 WEHESHEEFHEXME
Tab.6  Correlation between bacterial numbers and environmental factors
pH coD BOD; SS
Pearson-Correlation  —0.067 0.227 —0.508**  0.171 0.002  -0274  —0.258
Sig. (2-tailed) 0.734 0.245 0.006 0.383 0.994 0.726 0.622
N 28 28 28 28 28 4 6
Pearson-Correlation —-0.663 0.630 0.686 0.654 -0.686 —-0.656
Sig. (2-tailed) 0.073 0.094 0.060 0.079 0.060 0.078
N 8 8 8 8 4 4

N. ; *E (P<0.01)
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( , 10°>—10%cfu/mL , 10°—10°
, 1984, , 2003; Harriague et al, 2008) cfu/mL R 10°cfu/mL
( , , S5m
2002) , 100m 500m ,
500m ,  3C, 3C, 3G
, 3G, 10G,
, ( , 2002)
S s S ,5m
s , 100m s 500m
S5m , ,
77.94>10* 34.00><10*fu/mL, , ,500m
100m  500m 4.520><10"
0.448>10%cfu/mL, ,
, , ,C ] ,
, , , G HF
, 100m s 500m s
, , 3 ,
, , A( ) ,
, , , 5 )
, , 5 8 10 3 G(
; )8 , )
(2000) 1997 6—9 100m ,
94.0> 10*cfu/mL, ; ,
3.7><10%fu/mL, ,
, 100m >
(2011) , 5 8 ,  100m  500m
2008 4 2.135>10%fu/mL, 9 8 5 , 10 3
2.549>10*cfu/mL; (1996) 1990 , 5m
2.04><10*—8.36><10° /L, 7.52>10°  /L( 3.2
0.752>10%cfu/mL), 500m , 86.67%,
; (2005)"
5.55>10°cfu/mL, 500m 96.4% ( , 2000); (2005)"
, 14 8 (
(1973) 10%cfu/mL 63.64%) 4 ,
1) , 2005.

, 115—123
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) )
9o 30.00%, 5m ,
2 CODMn BOD5
(1996) COD BOD:s
’ SS ,
, 20006; , 2006)
33 4 g
pH COD ’
BOD:s , ’
COD SS >
) SS )
(1994) ,
(2005)" X v e s v , e
Bigt BRiGHFEHLFERESHAIE T ELET
RAET KA AR, EHGHM.
TN pH
(1991)
, , , ,2006. 3 (Vibrio)
, (2011) 165—23S IDNA  (IGSs)
,37(2): 162—170
, , , 1996.
’ , 14(2): 35—43
pH » CODmn , , , 1984,
BOD; ) , 3(6): 59—63
CODy, BOD; , , , , 1991,
,9(2): 34—40
1) , 2005.

, 115—123
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ADYNAMIC ANALYSIS OF BACTERIA IN DALIAN COASTAL SEWAGE
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Abstract

Water samples were respectively collected from 10 Dalian sewage outlets and partial adjacent waters in

March, May, August and October of 2011. The total bacterial numbers of the samples were counted, bacteria were culti-

vated in the 2216E and TCBS culture media. Then 16S rRNA genes of the different bacterial strains were cloned and se-

quenced and bacterial strains were identified with BLAST alignment. The dynamic spatial and seasonal distribution, the

community structure of the bacteria and the correlation between bacterial numbers and ecological factors were analyzed.

The result indicates that the bacterial numbers in different sewage outlets are significantly different; that the sewage outlets
are remarkably discrepant from the adjacent waters; and that Pseudoalteromonas, Enterobacteriaceae, Pseudomonas, Vibrio

and Shewanella are the dominant bacteria in the communities. There are different correlations between bacterial numbers

and different ecological factors.

Key words sewage outlet; bacteria number;

dynamic analysis;

community structure; correlation



