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Abstract: A 16S rDNA library was used to evaluate the bacterial diversity and identify dominant groups of bacteria in different treatment
pools in the domestic sewage system of the Beijing Daoxianghujing Hotel. The results revealed that there were many types of bacteria in
the hotel domestic sewage, and the bacterial Shannon-Weaver diversity index was 3. 12. In addition, epsilon Proteobacteria was found
to be the dominant group with the ratio of 32% . In addition, both the CFB phylum, Fusobacteria, gamma Proteobacteria and
Firmicutes were also reached to 9% -15% . After treated with the reclaimed water station, the bacterial Shannon-Weaver diversity index
was reduced to 2. 41 and beta Proteobacteria became the dominant group and occupied 73% of the total clones. However, following
artificial wetland training, the bacterial Shannon-Weaver diversity index in the sample increased to 3.38, Actinobacteria arrived to
33% and became the most dominant group; Cyanobacteria reached to 26% , and was the second dominant group. But, the control
sample comprised 38% Cyanobacteria, and mainly involved in Cyanobium, Synechoccus and Microcystis, with ratios of 47.1% ,
17. 6% and 8. 8% , respectively. Some bacteria of Microcystis aeruginosa were also detected, which probably resulted in the light bloom
finally. Therefore, the bacterial diversity and community structures changed in response to treatment of the hotel domestic sewage;
there was no cyanobacteria bloom explosion in the treated water. This study will aid in investigation the changes of microbial ecology in
different types of water and providing the useful information for enhancing the cyanobacteria blooms control from ecological angle.
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Fig. 1 Distribution of sampling section in domestic
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1.1 DNA
0.22 pm (AP-
99088, )
, BiolOl Fast DNA Spin Kit for Soil
( Q-Biogene) DNA, 0.8%

1.2 16S rDNA

165 rDNA V3 :
338F(5'-ACT CCT ACG GGA GGC AGC -3") 530R
(5'-GTA TTA CCG CGG CTG CTG-3")

DNA ( [15]).
PCR ,  pMDIS8-T ( Takara) ,
el 100
(Applied system).
1.3
DNAStar
EditSeq , , GenBank (

:FJ558627 ~ FJ558898,G0Q359012 ~ GQ359101)
Sequencher 4. 8
(16S rDNA >97% )
, [C=1-(n,/N) x

100% ]
( n, sV
) Ecosim7. 0"’
Shannon-Weaver ; 4
Clustal W e MEGA
3.1 ( neighbor joining, NJ ),
Thermoproteus tenax ( GenBank : M35966)

16S rRNA ,

Kimura



5 1301
ol s ( Bootstrap ) 1 000 ( Bacteroides ) . ( Flavobacterium )  ;15%
( Fusobacteria ) ;9%
, - ( gamma Proteobacteria )
, ( Aeromonas ) .
( Enterobacter) s 14%
( Firmicutes ) ( Clostridium ) ;
2 B- ( beta
2.1 Proteobacteria) | ( G+C
D1 ) ( Leptospira )
; \ ) 5%
D1 2.2
, , 67.03% , , (D2 )
Shannon-Weaver s 3.12 s s
« 1, ;
; ( 2 2),
32% e- , 84.85%,
(epsilon Proteobacteria ) , , 1 Shannon-Weaver
( Campylobacter ) | , 2.41,
(Arcobacter) | ( Sulfurospirillum ) 3
;18% / / B-
( Cytophaga/ Flexibacter/ Bacteroides , CFB) ) 3% , (Acidovorax ) |

’

1 16S rDNA
Table 1~ Results of 168 rDNA library of different samples
Shannon-Weaver
N n C/%

D1 91 30 67.03 3.12
D2 99 15 84. 85 2.41
D3 82 21 74.39 3.38
D6 90 28 68. 89 3.28

2 Y/ %

Table 2 Ratios of dominant groups in different

samples in Daoxianghujing hotel/ %

D1 D2 D3 D6

Cyanobacteria — — 26 38
CFB 18 3 5 24
High GC Gram-Positive bacteria 1 1 33 13
Firmicutes 14 3 — —
beta Proteobacteria 3 73 7 12
alpha Proteobacteria — 2 16 4
gamma Proteobacteria 9 11 10 3
delta Proteobacteria 2 1 —

epsilon Proteobacteria 32 5 — 2
Fusobacteria 15 — — —
Chloroflexi — — 2 —
Unidentified bacteria 5 1 1 4

1)«—"

( Thauera ) . Polynucleobacter necessarius.

Dechloromonas 4
, 11%
Enterobacter 2
CFB . e- . oa-
Proteobacteria)
( 2 3).
D1

2.3

74.39% 2

Weaver s

16S tDNA (

:26%

’

16% 10%

5 Y-

Aeromonas

’

( alpha

, Shannon-
3.38(0 1).
2 4):33%
( Leifsonia )
( Cyanobacteria )
( Synechococcus ) ;

o Y -



1302 31
6578 1 15;92;78;17; 74; 81; 29; 57; 7; 86; 22; 32; 14; 16 -
1.70:1 96
og" Arcobacter sp. (AF235110)
1:3 3 epsilon Proteobacteria
97 191
9790r 18159109
Sulfurimonas sp. (AB304906)
99—| Campylobacter sp. (AF144694); 1_56; 6; 61; 19; 41; 68; 95
L "1 26 _
99981 36:1 52 _
Uncultured Bacteroidetes bacterium (CU926305)
99, Flavobacteriaceae genomo sp. (AY278614)
1.25 CytophagalFlexibacter/
1 87 Bacteroides
7 1.72; 94; 47; 98; 76; 100; 44; 49; 58; 67
35130
1_10 |
4| l—Thauera aromatica (AF229882) beta Proteobacteria
% 1.64;1_82 1
1.34;1.97;1_38
1_40;1_85 —‘
'| E 1.27
90 “—Selenomonas sp. (AY349406) Firmicutes
1 .50
1.83 J
100 ! Clostridium sp. (DQ677011)
1.99 -
1.93 delta Proteobacteria
98 L Desulfovibrio sp. (DQ196634) -
1.39;1_89
8011 77
Aeromonas sp. (F1573178)
1.35,1 66 amma Proteobacteria
1.45 &
] 77 || Escherichia coli (F1789743) J
0.1 121
— 98 /ito;:)obzum vaginae (AF325325) High G + C Gram-positive bacteria
53 93_ Leptospira interrogans (DQ522191) Spiroc?aetes
—|: 1 60 s
1_12 —_
99 Uncultured Fusobacteria bacterium (AY193168); Fusobacteria
) 94 11 4;35;2;69; 3; 71; 37; 63; 53; 18; 84; 23; 28 —
e 1 11;1_42
56—! Uncultured Clostridiaceae bacterium (FJ968523); 1_73; 79; 80; 62; 88 Firmicutes
1_24
Thermoproteus tenax (M35966)
2 NJ D1 16S rDNA
Fig.2 Neighbor joining tree of 16S rDNA of bacteria derived from sample D1
( Chloroflexi) | 8- CFB 68.89% , 3.28;
, 16S rDNA (2, 5
( Roseiflexus ) ( Hydrogenophaga ) . CFB . (
( Rubrivivax ). Candidatus midichloria aBy - ).
Pseudomonas . ( Thiothrix)  Flavobacterium 4 ,
, , 38% , 3
, ( Synechococcus) ( Microcystis)
, ( Cyanobium ) ,
D6 , 17.6% . 8.8% 47.1% ; CFB ,
1 24% Flavobacterium



1303

57

2 62
2 1;56; 16; 65; 13; 83; 23,75
2 2;46;34;48; 77, 79; 97; 98
— 2 30; 87; 45; 4; 44
{2 7;78; 22; 29; 26; 61; 27; 43; 91
_‘ 2 66; 76; 99; 18; 36; 20; 28; 31; 53; 25; 68
2 63; 35;42; 100; 80; 47; 73
5 | Polynucleobacter necessarius subsp. (AB455085)
29
2.6
2 93;2 60;2 10;2_38;2 51
23
95 | Acidovorax sp. (FJ468178)
258
25212
99 Flavobacteriales bacterium (EF710017)
2 82
2.8;2 90
221

2 74
W':: Campylobacter sp. (EU96556)
99 2 17;2 88;2 96
2 49 99
Aquimonas sp. (AM403231)
2.67;2.92;2 86;2_11;2_89
2 95,2 40;2 54

2 55
259

g% Thauera sp. (EU850616); 2_39; 57; 41; 52; 70;
2_37;71; 32; 64; 81; 94; 33
70 L2 24;2 84 i
7 Dechloromonas sp. (AY126452)

beta Proteobacteria

BN

Cytophaga/Flexibacter/ Bacteroides

JL

epsilon Proteobacteria

72

79

L

gamma Proteobacteria

JL

85 | Enterobacter sp. (GQ247734)
Erythrobacter sp. (EF581001)
ILI 219 alpha Proteobacteria
100
27 O
99 | Clostridium sp. (FJ424481)
2 14 F___I
- 25052 69 irmicutes
2 85 1
Thermoproteus tenax (M35966)
3 NJ D2 16S rDNA
Fig.3 Neighbor joining tree of 16S rDNA of bacteria derived from sample D2
13% , s Leifsonia ,
5 7ﬂ_ )
12% .
( Hydrogenophaga ) . Ramlibacter Schlegelella
O ’ ’
Methylosinus ;y- &- , ,
D1
( Halothiobacillaceae ) Thiovirga Sulfurospirillum ,
halorespirans ,
[20,21]
. e-
3
b
16S rDNA , 2007 ,  Campylobacter



1304 31

g1 Synechococcus sp. (EF598932); 3_77; 79; 82; 13;
3_75;29; 67 38: 100; 80; 81 —‘
3.36; 44 Cyanobacteria

3_12; 46; 89; 93; 21; 87
3_10

I

3.34
B34 Chloroflexi
370 ]
Roseiflexus sp. (EU703480)
359 _|
99 —Flavobacterium cucumis (EF126993)
38 Cytophaga/Flexibacter [Bacteroides
315:17;23 _

96,
95| Rubirvivax sp. (EF651334)

beta proteobacteria

70(3 41
3 60 R .- .
- High G + C Gram-positive bacteria
3516
3_40;91
o1 3.48
[ 3 20;27; 69; 31; 47; 32; 35; 52; 71
3_99; 84; 86; 24; 88; 3; 7; 64; 14; 33 —
355
| |——eessmg 3_26; 62; 49
—eall 3_1; 74; 37; 78; 39; 43 alpha Proteobacteria
3 30; 65
it
Candidatus midichloia sp. (AM411600) _
3 97
50‘%1 Nitrosovitrio sp. (AM773589); 3_9; 63; 51
3 Thiothrix sp. (FM165207); 3_72; 58; 57
19 gamma Proteobacteria
Thermoproteus tenax (M35966) -
4 NJ D3 16S rDNA
Fig.4 Neighbor joining tree of 16S rDNA of bacteria derived from sample D3
(D2 ).B- , TN 51.33% . TP 50.00% .COD
, 70. 96% . ,
[23,24]
(D3 ) , .
b b
b b b
[15]
: D6
D6 ( ) Cyanobacteria
b ’ b b
, 3
, . 47.1% ,
, , Cyanobium sp. JJ27STR( AM710383) ,
, 17.6% ,
, B (EF598932) ; 8.8%.



1305

.

alpha Proteobacteria

|

-
gamma Proteobacteria

M;thylosinus sporium (EF619620)

6 67

6_30;6_72

6_45;6_87

6_37;6_93

6_75

94 YWhiovirga sulfuroxydaus (AB118236)
6_99

65 Schlegelella thermodepolymerans (AY538708)

Roseateles sp. (AB291830)

65

679

6 46
-| L6 34;6_26;6.29
56 "6 39

83

beta Proteobacteria

Hydrogenophaga sp. (AY429687)
98| ~6 82
6 4
72| 6_80
Ramlibacter sp. (AY429716)
6_53
6 62
676
916 98
Flavobacterium cucumis (EF126993)
6 8
61
6_69
6_58

CytophagalFlexibacter/Bacteroides

| 6_18; 6_47; 6_97
67- 6 96,6 6,6 33;6 27,6 44
— 6 60;6 81:6 22:6 52;6 _12;6 77 -
6 28 . 1 .
—| ~6 13 epsilon Proteobacteria
1001 Sulfurospirillum halorespirans (AF218076) -
82 .6 25
] Leifsonia sp. (EF527429) §|
6 89;6 94,6 61
0.05 High G + C Gran-positive bacteria
_ 6_54; 6_68
5555 6 40;6 31,6 7;6 85
e 6 51 —
l: 6_59;6_78;6_11;6_9 —
6_36; 6_43; 6_90; 6_92
| 99 - 619
91,6 95
Microcystis sp. (DQ264215)
6_42 Cyanobacteria
6_70
6_56
Synechococcus sp. (EF598932); 6_55; 64; 66; 20; 86; 21
Cyanobium sp. (AM710383); 6_10; 32; 3; 14; 23; 74; 24
38; 91; 48; 49; 88; 63; 35; 50 —
Thermoproteus tenax (M35966)
5 NJ (D6 ) 16S rDNA
Fig.5 Neighbor joining tree of 16S rDNA of bacteria derived from control water ( sample D6)

(1)

. 2%,
)’
(D3
3.38,
(2)
(D1 ) , 38% ,
3.12, &- . ,

(D2

2.41, g-

73% ;

33% ,

( D6 )

Cyanobacteria

47.1% |



1306

31

17.6% 8.8%.

[ 1] Hunter N. Water reuse; Making use of wastewater [ J].
Filtration Separation, 2007, 44(7) ; 24-27.

[ 2] Ogoshil M. Water reuse in Japan [ J]. Water Sci Technol,
2001, 43(10) : 17-23.

[3] . (1] ,
2001, 27 (9) . 1-3.

[4] , . [1].

, 2006, 37 (4). 1-6.

L2006, 2(1) :3-6.

[6] , , ,

[1]. L2006, 6(2):5-8.

[77] Zhao S M, Hu N, Chen Z J, et al. Bioremediation of reclaimed
wastewater used as landscape water by using the denitrifying
bacterium Bacillus cereus [ J]. Bull Environ Contam Toxicol,
2009, 83(3) :337-340.

[ 8] Yang H, Abbaspour K C. Analysis of wastewater reuse potential
in Beijing[J]. Desalination, 2007, 212(1-3) ; 238-250.

[97] WangL, LiJ, Kang W L. Bioremediation of eutrophicated water
by Acinetobacter calcoaceticus[J]. Bull Environ Contam Toxicol,
2007, 78(6) :527-530.

[10] s s , . 1

[J]. , 2009, 30 (1):271-279.

[11] Kemp P F, Aller J] Y. Bacterial diversity in aquatic and other
environments; what 16S rDNA libraries can tell us[ J]. FEMS
Microbiol Ecol, 2004, 47 (2): 161-177.

[12] Hugenholtz P, Goebel B M, Pace N R. Impact of culture-
independent studies on the emerging phylogenetic view of
bacterial diversity[ J]. J Bacteriology, 1998, 180 (24) . 4765-
4774.

[13] Rappe M S, Giovannoni S J. The uncultured microbial majority
[J]. Ann Rev Microbiol, 2003, 57 369-394.

[14] , , )

[J]. , 2009, 30(1): 280-288.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Sambrook J, Fritsch E F, Maniatis T, et al. Molecular cloning:
A laboratory Manual [ M ]. (2nd ed). Cold Spring Harbor
Laboratory Press, 1989.
Gotelli N J, Entsminger G L. EcoSim: Null models software for
ecology. Version 7. Acquired Intelligence Inc. & Kesey-Bear.
Jericho, VT 05465 [ EB/OL ]. http://garyentsminger. com/
ecosim. htm.
Thompson J D, Higgins D G, Gibson T J. CLUSTAL W.
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice[ J]. Nucleic Acids Research,
1994, 22(22) ; 4673-4680.
Kumar S, Tamura K, Nei M. MEGA3: Integrated software for
molecular evolutionary genetics analysis and sequence alignment
[J]. Brief Bioinformation, 2004, 5(2) : 5150-5163.
Figueiredo D R, Pereira M J, Moura A, et al. Bacterial
community composition over a dry winter in meso-and eutrophic
Portuguese water bodies[ J]. FEMS Microbiol Ecol, 2007, 59
(3): 638-650.
Patti A M, Pana A. The fate of pathogens in waste-waters[ J].
Ann Ig, 1989, 1 (6) :1329-1336.
[(M]. : ,
2002.
, ;- [M].( ).
,2003.518-519.

Nijburg J] W, Laanbroek H J. The influence of Glyceria maxima
and nitrate input on the composition and nitrate metabolism of the
dissimilatory nitrate-reducing bacterial community [ J]. FEMS
Microbiol Ecol, 1997, 22 (1) 57-63.
Kisand V, Cuadros R, Wikner J. Phylogeny of culturable
estuarine bacteria catabolizing riverine organic matter in the
Northern Baltic Sea [ J]. Appl Environ Microbiol, 2002, 68
(1):379-388.

[J]. ,2008, 30(3) : 307-
309.





