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Microbial Community of Municipal Discharges in A Sewage Treatment Plant

XU Ai-ling, REN Jie, SONG Zhi-wen, WU Deng-deng, XIA Yan

(School of Environment and Municipal Engineering, Qingdao Technological University, Qingdao 266033, China)

Abstract: There are numerous microorganisms, especial pathogens, in the discharges. Those microorganisms are discharged into the
river and sea through sewage outfalls, which results in possible health risks to coastal populations. And more attention should be paid
to municipal discharges in developing countries. This study investigated the microbial community in the discharges by constructing 16S
rDNA clones library and using the PCR-RFLP technology. Phylogenetic analysis of bacteria in municipal discharges showed that there
were 59 species, which were divided into 11 classes. Proteobacteria accounted for 85% of all the bacteria, of which B-Proteobacteria
and y- Proteobacteria were the dominant classes. Bacteria in the waste water treating process had important influence on microbial
community in municipal discharges, therefore, municipal sewage plant should choose the process according to the characteristics and
purifying capacity of the receiving water body. Legionella spp. accounted for approximately 10% , the Legionnaires’ disease resulted
from which might be of top risk for the residents in the surrounding of the municipal discharges outfall and receiving water.
Dechloromonas aromatica could make use of chlorite (ClO ™), which led to its survival from chlorine disinfection, and it alerted us that
several disinfection methods should be used together to ensure the bacterial safety of municipal discharges. Coliform group and other
pathogenic bacteria, such as Salmonella spp. , Shigella spp. , Escherichia coli, Vibrio cholerae, Staphylococcus aureus, Arcobacter spp.
were not detected in this study, and it indicated that we should do more work and use more methods to investigate the perniciousness of
discharges.
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T S5 P PR R R AR A SRR Y A
FERE ST 5, RERES 7™ A2 25 AN 96 1, XE LI 25 BR
I 338 T 775 7K B8 AR 0 2 A 22 2R P A T
LB AT B8 K, (EL 2 O i T e 5 At R K o AL
o DR AT S AR T AS BE A PN R Y Bl A
Py IE L XK e A T R A R
EEERTIHEE . R AKHRHON 32 94 7K AR 52 i 7075
S IR B A e A a1 SR 11,12 ]
R HIE B R G Wk X VB (qPCR) #2577 R
JK R TR ) SE AR I 5 vk UESE T R K
o D TR B AGL I 4 T AT . (ELE R X K A
AR RE 4 45 F AT AR A 23 AT

& GEI A W 15 37 O 1 0 DL 3R A% e K Ak
PR TR 4 R O A AR R B AR T A
SRR RE, BT — Lo g S o A Gl )
TEVE S A S Z REPE T 0k | 3K S8 7 T R T A4 5t
58 75 12 B T 55 5% BOAR AY J&y BR 1 2 7S 1]
BB, BFSEUESE RFLP £ A B 50 1 4
BeARMAEEN, C 2 TS R R R

VR AL Ay B DR, AR F 5T 8Lk ) PCR-
RLFP AR 5 5 17 3 35 K Ab BT ¢ R R /K A9 3k
A YR VR SR HEAT A 0T, LA O R K HE ik 4 B
T A B 1 B AU, X T A SRR A
R E X

1 RS

1.1 FEGARI AR

AR, 1 58 DNA $2 B 71 £ ( OMEGA ) , DNA
BEE M7 & (OMEGA ) , PCR mix, P YT, B0l
B, TAE 2 M (50 x ). 1X#%: PCRAY, BEfL A% &
i (gene NF) ; FIEETRE O, BETAES,
i 8 B A BT A
1.2 FEACREE

2013-06-10 K& A RIK G RET BT 5
IR R HE R K KR IR AR AT AE 2 h Wik &
SEYG A AT RIE , Mg S AN TR R PR %
T5KALER) L AP0 T2 M BB T 2 R
FRAMTE T, HACFIKE 1.7 x10° m*, Hidh 60% A T
IR IK ,40% MATE 5K, BEH KK RS FRanZe 1.

F1 BT #HHKKRIENR

Table 1 ~ Water quality indexes of waste water and treated waste water

WH BOD;/mg-L ™! COD/mg-1,7! SS/mg-1.7! TN/mg-L ! TP/mg-L ™! pH T/ C
ok 450 710 740 80 12 6.8 15
Hik 9 47 8 15 0.6 7.1 14

1.3 5 DNA 25

K H 1458 DNA $2 B30 & (OMEGA ) B J7 2,
FRAF 4B S AR B DNA REA, o] E— it PCR
PR, DNA K FH 1% BB B 47 K S
WK,FE0.5 gomL ™ ITRAL 2 BE VW H YL €8 30 ~ 45
min , 2585 FOK IRUE G 5290 T AR
1.4 16S rDNA FE[X ) PCR ¥ 1%

WSS9 TP 48 16S rRNA K A, FiiF
3141 27F (5'-AGAGTTTGATCCTGGCTCAG-3") FI'F
W 5l ¥ 1492R ( 5'-GGTTACCTTGTTACGACTT-
37) P00 T A R A B W R M P Yk SR PCR 4
B i Wizard DNA Clean-Up Kit ( Promega ) a7
& s H i e
1.5 16S rDNA SCPE e 5 0 ik

Falifbf5 1 DNA R Boimad T4 7 $ 0 v p i)
£ (MBI Fermentas ) % # 75 PuSTR/T 84K I, #: 1k
FEZ B RIAATE (DHS o) 40 3 4 TR 50
pg-mL ™" Amp & IPTG . X-gal AY4:= (% LB 5 AR

b 37 C HFRAE TR IE RS R 2 b, BRI E R 10 ~
16 h,JE R H T BRI EAR 3 ~5 mm W%, Bl
BLFK - A 4 200 A BH A FE BT, >R FH BR A4 1 4%
1 gy X, F pTZSTR/T Vector il fH 5 ¥ M13/
PUCR 5’-3": GTAAAAC GACGGCCAGT; M13/PUCF
5'-3" . CAGGAAACAGCTATGAC § H4 SN B4 A A Bt ,
FHRTT HAREEA.
1.6 PAYESERETHY PCR-RFLP 24T

1 4 B BRI M 9 DI % Hhal 35 46 A
HrbE TP R BAr R B F 3% B AR B e G
Sy ABE,200 V R HLIK 2.5 b, FHEEIR RS AX
TR IERFEE R B UK RIS R4 T 4307, 4 1 Bl D) 43 2
25 BEl—~ OTU (operational taxonomic unit) .
1.7 DUJFFIRe R G0k B

PEHL PCR-RFLP i 378 4 1) BHAE 5 B ¥, 36 11
AW TR ST F . F BT 16S tRNA
4, % H Blast 2X{F7E GenBank HEAT AH L1448 &
(http://www. ncbi. nlm. nih. gov. blast) , 3R BT
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U3 Bt v il A5 B Clustal X 72 7 3547 Eb
Xt , 2B 1 ( Neighbor-joining Method ) ¥4 & 22 45 &
AR FFNAT R 1000 RE G BORESSR Ak E
WK Treeview B #E.
1.8 Wik

(1) SCERIEZR (coverage ) THAA TN

nl
C_I_N

A, VARER 16S rDNA SUF B SE R, nl AARTESC
J#E WAL B — YK ) OTUs ( operational taxonomic
units ) [

(2) Shannon-Wiene ZHEEFEE(H') .

S
H =- > PInP,
i=1

P, = n,/N
A 1,5 4 16S 1DNA T RFLP S 28 RVEL, n,
55 i b 16S rDNA ) RFLP 25 5 25 R va e ki, N o
TLRESL
(3) FEEFEE (Margalef) .
S—-1

e = TN

56 7891011121314 15161718

(4) WS R BT R AN .
_H
" InS

2 HREH

2.1 FEH4EEU 16S tDNA §3

KA R 58 2% e 5 T $E L H AR DNA J
B K AR BCR N S R W 5 22 RFLP 23081, A
FES R DNA 38 23 SR G I FL DR 56, 75 )
— R T A5 , 5 I B 3 D 2 A R/ N TR DR Pir 4
DNA J& T RS2 B (W 41 B SE P 24 DNA. H &4 11
R OO R A A T B R R, Ui DNA 1)
ali R RO T a1 & PCR X
345 T RESE AN 16S fDNA B9 H B9 H B, K24
1500 bp H. 5% B 46 R LB Ar , &t Bl AR R 5 1
P31, HIIPEXT B A =) B, BB PCR 1S 2%
SRR AT
2.2 16S rDNA JE[A [ PCR 474

B S SB35 1 BB W 1 P Tk RT3, DA
il LI, 20K 291 600 bp, 25 1 F 4l 3 4R L A
Uf, SRR AR i AR AR R S v U TR

1920212223 24 25 26

2000 bp

S
NI p—— -

2728293031323334353

) 4041 42 4344 454647 4849 50 51 52 53 54 55 56 57 58 59 60 61 M

2000 bp

1 ~61: A I TRV SERET 165 tDNA 9734 1 Bt
Bl 1 #BH5EBETF 16S rDNA ¥ 8B ERBE ¥R 5 B FE ik B i
Fig. 1 Agarose gel electrophoresis of part of the 16S rDNA fragments amplified from clones

2.3 RFLP FE0Hr

MASCPE A LB B A TR 7 200 A, Hor BH A v
e 168 4>, BHPE# 83. 3% . FHMETLFEF M13 PUC 5|
Yy PCR 7= %) Hha 1 T U1K 35 G0 & 2 Fros, H
Quantity one BEBE /AT ERAFXT RFLP &3 43 Ar 2 01
168 NBHE FE e AETE 59 DN AFIZEAIE) OTUs. H
W A33 B9 OTU (5 7. 14% , el 3% i) OTUs —
A 9 Fp A ME— e 119 OUTs A 18 >, %3
JER AR B ZREEFR BN 2 2 R, TERE SO T

& (coverage value, C)ARBURE S Fh A Yy p0 78 o5 F2
JE BB | BT A 09 5 A S, 5 (R it v )
TAE YIRS 2 | DR IR i L ST b 2 R i v
WA ZFEYERRIE. [BJE Kemp S22 B g BRI A
PRI 5 B2 SRR A BESEHG PR B A i vp 1) B A i A=
Yy, 300 R E, Y 55 R T 80% B AT I i
RSO B RS AR5 rh R 7K v b SO PR
FMH C ik3 89. 3% , R W FTBIF 9T 1 v B SO FE4S L
AT, R LS b S WA e (%) 4 TRRE V% 45 4 4 .
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FEEIRE(dy,) 2 SRS IC R ZAEPESR
B, e S B Y R RCE 1 2 556 O, RS
dy, R 113 SRR TP R R R 2. HAR A
PEF8 %0 ( Shannon Diversity Index, H') 7£3)— B A7 7E
B 0 2 S AR TR AR 7E — s R BB, RIVIG =R 5 B2
S B RORETE S B e AR SRR 2
BEVEAR BT REART] > (H R —F8 5 B 5 A BE

Wl g HE IS 2] BE YR G 1R bR, AS SCRE U HY Oy
3.84 UL /K T 40T F wf BE AR 5 IR, 15
Ji ( species evenness, E) SRR A T e Y R A
BOH R BOIRDL , B B B 2 45 W) RS K H 23 i
MBI SIRERE Ao b R K B 4 5 BE R B 75%
Ui BT K H AR T 23 A AR 253 50 G 3 o 7o 256 R
HAZ.

353433 323130292827 262524 232221 20191817 16 1514131211108 765 432 I M

> 500 bp

100 bp

> 50 bp

70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36

500 bp

100 bp

> 50 bp

B2 #H4H=EEF M13 PUC 5|48 PCR =4 Hha 1 EYIE &

Fig. 2 Agarose gel electrophoresis of part of the restriction fragment length

profiles of 16S rDNA fragments amplified from discharges

*2 RBKTEXEZHEEY
Table 2 Diversity index of the clone library from wastewater
ERICE H dy, C E
M 3.84 11.3

89.3% 75%

2.4 WETINTRRGERE2E0T

XF 24k RELP 438 A5 14 59 /> va B i AT 1)
AT . — kU, ST AE P11 16S tDNA [F]
JEHEIR R 97% B DL LB, ] DR 6 1 5] SRy — >
[ PEIS 3] 949% wi LA 1, 7T IR 26 1 il o — 4
J& . IR BLAST 8% FirgkAs s b 1 41 5
B4 EHR B FAZAE ) 16S tDNA FEFIARIMESE T T
HXF(#£3). 59 M rabET IR s CH 30 M5 2R
FOARLUEETE 94% LA L=, 10 FHAHILEEAR T 90% , i
IR V2 AR 2R A5 o B S 72 )l PRIk
TR K AL AR . 59 ANl

Legionella longbeachae 7 7.14% , B4 — & i #,

Pseudomonas aromatica .

Desulfococcus multivorans T 5 LB KT 4% , g T
AHXTOEERITR. 5 DPFET i LE B T 4%~ 3% Z ],
6 NYIFIE i LA T 3%~ 2% ,26 ANPIFRFT 5 L]
TE 2%~ 1% Z 8], 18 AHIRI B i Ff ELBIPAR T 1% .

59 FhANTE SR T 11 49 (E 3). 44 R
J& TSR ] ( Proteobacteria) 29 15 85% , .+ 23 Fj
JBTF BT W49 5 41.4% ,10 B8 F y-AE L AN
5 26.5% ,a-BILH4IA 5 FhANE 6K 904 3
PR TR, X — 25 2R 5 R /K HE T 1 B 3 A8 S A P A
SERL IR AL BEEH R AKX S2 g K Ak A ) 22
B BB, 7 FhHE T Clostridia 45
7.2% , T Actinobacteria ., Bacteroidia . Gloeobacteria ,
Nitrospira , Planctomycetacia iX 5 /1> 44 A% 41 B Bt o5 40
HAET 4% .

kilonensis . Dechloromonas



9 1 IS5 . To/KALII ) R/ 0 TR B o 45 4 43 B 3471
#®3 HSTMAE 16Sr DNA i) BLAST 4R
Table 3  Inventory of bacterial 16S rDNA fragments classified into groups according to ARDRA patterns and sequence similarity
sl U R P R % B %
LCH 1 NR_074390. 1 Acidimicrobium ferrooxidans Actinomycetes 88 1.79
LCH 2 NR_074501. 1 Acidothermus cellulolyticus Actinomyceles 91 0.6
LCH3 NR_074585. 1 Alicycliphilus denitrificans BC B-Proteobacteria 95 1.19
LCH 4 NR_074185. 1 Anaerovibrio lipolyticus Clostridia 100 0.6
LCH S5 NR_040836. 1 Aquicella siphonis y-Proteobacteria 93 0.6
LCH 6 NR_025764. 1 Arcobacter cryaerophilus &-Proteobacteria 95 1. 19
LCH 7 NR_025905. 1 Azorhizobium caulinodans a-Proteobacteria 88 0.6
LCH 8 NR_044023. 1 Azospira restricta B-Proteobacteria 95 3.57
LCH9 NR_074515. 1 Bacteroides vulgatus Bacteroidetes 91 0.6
LCH 10 NR_037106. 1 Brevundimonas variabilis a-Proteobacteria 90 1.19
LCH 11 NR_074700. 1 Candidatus Nitrospira defluvii Nitrospira 96 1.79
LCH 12 NR_029239. 1 Clostridium chartatabidum Clostridia 100 1.19
LCH 13 NR_029239. 1 Clostridium clariflavum Clostridia 100 1. 19
LCH 14 NR_036890. 1 Clostridium glycolicum Clostridia 93 0.6
LCH 15 NR_044386. 1 Clostridium mesophilum Clostridia 92 2.38
LCH 16 NR_025080. 1 Comamonas denitrificans B-Proteobacteria 99 1.79
LCH 17 NR_102841. 1 Comamonas testosteroni B-Proteobacteria 90 1.79
LCH 18 NR_074826. 1 Corynebacterium resistens Actinomycetes 92 1. 19
LCH 19 NR_028655. 1 Curvibacter gracilis B-Proteobacteria 92 1.79
LCH 20 NR_074748. 1 Dechloromonas aromatica B-Proteobacteria 97 4.17
LCH 21 NR_074103. 1 Dechlorosoma suillum B-Proteobacteria 92 1.79
LCH 22 NR_043249. 1 Denitratisoma oestradiolicum B-Proteobacteria 95 3.57
LCH 23 NR_040941. 1 Derxia gummosa B-Proteobacteria 92 1. 19
LCH 24 NR_041849. 1 Desulfococcus multivorans 8-Proteobacteria 100 4.17
LCH 25 NR_036778. 1 Desulfovibrio desulfuricans 8-Proteobacteria 79 1.19
LCH 26 NR_074282. 1 Gloeobacter violaceus Cyanobacteria 84 0.6
LCH 27 NR_102815. 1 Herminiimonas arsenicoxydans B-Proteobacteria 90 1.79
LCH 28 NR_029024. 1 Hydrogenophaga defluvii B-Proteobacteria 99 1.19
LCH 29 NR_028930. 1 Isosphaera pallida Planctomycetacia 100 1.19
LCH 30 NR_074803. 1 Janthinobacterium B-Proteobacteria 92 0.6
LCH 31 NR_041321. 1 Legionella impletisoli y-Proteobacteria 86 0.6
LCH 32 NR_036991. 1 Legionella longbeachae y-Proteobacteria 95 7.14
LCH 33 NR_102800. 1 Legionella rubrilucens y-Proteobacteria 88 2.38
LCH 34 NR_074623. 1 Leptothrix cholodnii B-Proteobacteria 96 0.6
LCH 35 NR_042502. 1 Massilia aurea B-Proteobacteria 98 3.57
LCH 36 NR_026014. 1 Massilia timonae B-Proteobacteria 95 0.6
LCH 37 NR_041768. 1 Methylibium petroleiphilum B-Proteobacteria 97 1.79
LCH 38 NR_027203. 1 Mogibacterium neglectum Clostridia 100 0.6
LCH 39 NR_029238. 1 Pelobacter acetylenicus 8-Proteobacteria 98 1.19
LCH 40 NR_043273. 1 Prolixibacter bellariivorans Bacteroidetes 90 0.6
LCH 41 NR_074657. 1 Pseudogulbenkiania B-Proteobacteria 89 2.38
LCH 42 NR_102835. 1 Pseudomonas fluorescens y-Proteobacteria 90 0.6
LCH 43 NR_028906. 1 Pseudomonas frederiksbergensis y-Proteobacteria 91 2.38
LCH 44 NR_028929. 1 Pseudomonas kilonensis y-Proteobacteria 100 4.76
LCH 45 NR_029042. 1 Pseudomonas lini y-Proteobacteria 91 1.19
LCH 46 NR_074724. 1 Ralstonia eutropha B-Proteobacteria 94 3.57
LCH 47 NR_043384. 1 Rhodopirellula baltica Planctomycetacia 83 0.6
LCH 48 NR_042318. 1 Roseomonas lacus a-Proteobacteria 98 1.79
LCH 49 NR_028712. 1 Simplicispira psychrophila B-Proteobacteria 90 0.6
LCH 50 NR_036778. 1 Sphingopyxis witflariensis a-Proteobacteria 99 0.6
LCH 51 NR_074875. 1 Stenotrophomonas maltophilia y-Proteobacteria 98 2.38
LCH 52 NR_025450. 1 Sterolibacterium denitrificans B-Proteobacteria 97 1.79
LCH 53 NR_026422. 1 Sulfurospirillum deleyianum &-Proteobacteria 95 1.19
LCH 54 NR_025284. 1 Thauera terpenica B-Proteobacteria 94 1.19
LCH 55 NR_043584. 1 Thermomonas koreensts B-Proteobacteria 94 1.19
LCH 56 NR_102479 Thioflavicoccus mobilis 8321 y-Proteobacteria 96 2.38
LCH 57 NR_074307. 1 Tistrella mobilis a-Proteobacteria 84 3.57
LCH 58 NR_074980. 1 Veillonella parvula Clostridia 97 0.6
LCH 59 NR_026130. 1 Zoogloea ramigera B-Proteobacteria 92 1.19
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