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Effect of Reclaimed Water on Bacterial Community Composition and Function

in Urban River Sediment

DI Yan-ming'”, WANG Guang-xuan'?> , HUANG Xing-ru'*,GUO Xiao-yu'"*"

(1. College of Resources Environment and Tourism, Capital Normal University, Beijing 100048, China; 2. Urban Environmental
Processes and Digital Modeling Laboratory, Beijing 100048, China)

Abstract : In order to study the effect of reclaimed water on bacterial community composition and function in urban river sediment, the
changes of bacteria community diversity, composition and function in Mayu wetland upon the supply of reclaimed water were
investigated by a range of sophisticated procedures, including Terminal Restriction Fragment Length Polymorphism ( T-RFLP), 168
rRNA clone library technology, and Real-time Quantitative PCR Detecting System ( qPCR). The results showed that carbon, nitrogen
and phosphorus were major factors driving the variation of bacterial diversity and community structure in river sediment, and the
bacteria were gradually recovered after purification in downstream under the effect of artificial wetland. In addition, the bacterial
community in reclaimed water outfall was mainly constituted by B-Proteobacteria, d-Proteobacteria, Bacteroidales and Cyanobacteriain,
and g-Proteobacteria, Chloroflexi and Spirochaetes were unique groups. Besides, the major biological geochemical cycle was nitrogen,
carbon and phosphorus cycle in river sediment, which was closely related to functional genes. There were about 45.9% of the clones
related to nitrogen cycle in reclaimed water outfall, such as Comamonas sp. , higher than those of upstream and downstream (27.7%
and 23.4% ), 17.9% of the clones were closely related to the carbon cycle, such as Lysobacter sp. , higher than those of upstream and
downstream (14.4% and 12.9% ). Furthermore, the trace of pathogenic bacteria and antibiotics in reclaimed water also changed the
transformation pattern participating in carbon and nitrogen cycle, for example, Rhodocyclus sp. conducted nitrogen fixation by
photosynthesis in reclaimed water outfall, whereas Burkholderia sp. fixes nitrogen by ways of plants symbiotic nitrogen fixation in
upstream and downstream. This research provides theoretical reference for studies on remediation of reclaimed water supplying river by
artificial wetland.

Key words :reclaimed water; urban river; 16S rRNA library; bacterial community; functional genes; T-RFLP
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Fig. 1 Distribution of sample sites in Beijing Mayu wetland
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] 2% 5 2% R TP, TOC | TN ¥ B 78 b 7K 1 4k
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TOC, TN ¥ B 5t W 25 B F e 35, T R L3RRI R
91% . 77.34% . 27.5% . ORP J2& 2 e A\ T3 3t i 4
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Table 1  Physicochemical properties and heavy metals distribution

of sampling sites in Mayu wetland

ZH HhoK L3 #hok AR T
TN/g-kg ™! 9.92+0.014" 17.03 £0.056" 12.4 =0.106"
TP/mg-kg ™! 13.4 £0.014*  42.2 +0.028" 11.05 +0.084°
ORP/mV -29.4£0.014* -90.9 +0. 848 11.45 +0.07"

TOC/mg-kg ™! 2.605 £0.021*  5.55+0.07" 0.48 +0.007°
NH; -N/mg-kg™'  2.94 £0.007* 5.01 £0.035° 0.69 0. 099"
Mn/pg-kg ™! 1.16 £0.014*  1.83 +0.014* 1.15+0.07"

Fe/ug-kg ™! 60.2 £0. 141*  65.8 +0.035> 52.9 +0.028°
Cu/pg-kg ™! 0.04 £0.007*  0.05 £0.014* 0.04 +0.007"
Zn/pg kg ! 0.018 £0.021*  1.53 £0.00" 0.325 +0.007°
Ph/pg kg ™! 0.02 £0.00°  0.06 £0.014* 0.04 +0.02°

1) 45 MR 3 WEL S Dk AR N 22 5 [R)— PRI {ETE P <0. 05
I IEGE 22 2
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WD), UR S MR Msp TRFUIZE SR L Msp Ry il
DIBARIRE A TR SR AR 50, KB A K T3k

S AR IR R R BUANK O > B3F > FURRY AR L
B IR KRR A0 BV 22 FE R R 20U 25 T
B O AR B . B MspIBEUIZ5 A0 3 MRS
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FRALAE R Y Spearman AH G/ T (£ 3). 45 R BoRTE
EAEEEBUN Sy 0.01 B, Y 45 BE AR A . AR
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Table 2 Diversity indexes of bacterial community based on different enzyme digestion

oy YR TR R Lia 2R R )5 R
Mspl Hadll Afal Mspl Haelll Afal Mspl Haelll Afal
KT 9.4 5. 64 6.62 3.33 2.58 3.31 0. 882 0.85 0.79
ok 14.99 13. 46 14.05 3.62 3.56 3.78 0.907 0. 86 0. 88
KO T 6.297 3.69 4.41 3.35 2.35 3.31 0. 84 0.83 0. 84
#3 SHMEYSENIEIRN Spearman XS
Table 3  Spearman correlation between diversity index and physicochemical indicators
a8 MG TN TP ORP TOC NH, -N Mn Fe Cu Zn Pb
L AR R B 1.000*  1.000* —1.000* 1.000" 0.5 1.000**  1.000 ™ -0.5 0.5 0.5
=R
Sig. (B 0.01 0.01 0.01 0.01 0.667 0.01 0.01 0.667  0.667 0. 667
L LIS 1.000*  1.000* -1.000* 1.000 " 0.5 1.000*  1.000 "™ -0.5 0.5 0.5
Sig. (B 0.01 0.01 0.01 0.01 0.667 0.01 0.01 0.667  0.667 0. 667
$ LIS 1.000*  1.000* -1.000* 1.000 " 0.5 1.000*  1.000 " -0.5 0.5 0.5
=Rl
Sig. (B 0.01 0.01 0.01 0.01 0.667 0.01 0.01. 0.667  0.667 0. 667

1) = % FORTEEFREXUN N 0. 01 B A5G HE 2 W25 1

2.3 16S rRNA 3EfESCEFN qPCR 43 M 2% FF s 40
FEE L 5T 7
2.3.1 HSEESANFERE AR

Ui 132 A P B e A DU R 4
128 Bt A E1) 3 1 Mutherd. 0 4K 14K 51 AR 0
PERT 97% Wiz kEFX1 4534 1 4> OTU, 155 50 4>
AR OTUs, e B SCE 7 55 8 71% . #h /K 1 Ak
156 /> BH4: o g 3 Ao A A 00 M 5% )5, 4% 93 A~
TGS, K508 55 AR OTUS, 5 B SC%E 14 7
T PE R 89% . T UE 103 /™ PH A v A% A e 48 e Az 0 )
BrJg , B4 59 A Bl i 7y 8, 43k 26 AR )
OTUs, vl b SCPE A 78 55 4 88. 33% . ST IX 1) S
P EREZARERE o BB AR R YA, RE
REFRANEY R (F4).

NP 285 AL & T IRBE AR S b S A AN T R
WEY Z B 25t E (F 2) B, BB HE ]
( Proteobacteria) 7F 3 > b [ SCFE i 34 g L A S HE
( L9 32 b ,53% 5 #hK1H 29 SFEkE ,60% 5
U7 24 ANTERE,63% ). FEAE KA K T RE s BT AR 2 7 e

SCEETP AL 2T, LIPEEE TR ] Planctomycetes (6
ik, 8.8% ) FIELZE T '] Actinobacteria (3 4~ 5L
B ,6. 7% ) AR, b T il A s T iy A 11 e g S
ARSI S AN K AR TR R R 22 5, AR 40 A 1)
( Cyanobacteria ) F1UFT 1 '] ( Bacteroidetes ) AL,
Hrft Cyanobacteria 7£ b Ji i 43 1) o 218 FE B SO
Y 8.9% F1 5% ,Bacteroidales T 5 L34 6. 5% .

S T ' B-Proteobacteria 4 3 ™ i [ SCJE T i
TR AR ORI 13 kT, A 3
MR SEAAE A RS Comamonas sp. AR PE
w2 AT T 5 R R R OC
Rhodocyclus sp. *H{u‘@%%““ ,1 MNETSSE A
IRACH TP BB RR Sulfuricella sp. ¥R s, b iF
5 1 NFEBEF 5 Ramlibacter sp. M PEd & %5
J& ELA B S TR AR I Sk R R () T B, 4 A Sk T
53k A X BN T A9 Burkholderia sp. .5 B[R] 5
P A TS Thavera sp. BAT o AP,
HoAb FERE 5 DI REA M A AR5 F% T bk B A 5 AR
1@[19].
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R4 16S rRNA 5[ &4 S B RE AR

Table 4 Composition of bacterial community based on 16S rRNA clones detected from sediment in different samples

i I L NE T
T Y/ % wET /% T T/ %
a-Proteobacteria 4 4.4 1 2.2 5 8.2
Sphingomonas sp. 2 2.2 1 2.2 4 6.6
Unclassfied 2 2.2 0 0 1 1.6
B-Proteobacteria 13 12. 4 14 31.2 11 17.6
Burkholderia sp. 2 2.2 0 0 4 6.6
Comamonas sp. 0 0 3 6.6 0 0
Ramlibacter sp. 1 1.1 0 0 1 1.1
Rhodocyclus sp. 1 1.1 2 4.4 0 0
Sulfuricella. sp. 4 4.5 1 2.2 0 0
Thauera sp. 0 0 0 0 1 6.6
Unclassfied 5 3.5 8 18 5 8.3
8-Proteobacteria 12 13.3 7 11.7 3 5
Desulfocapsa sp. 4 4.5 1 2.2 0 0
Desulfomicrobium sp. 1 1.1 2 4.5 0 0
Desulfobacula sp. 1 1.1 0 0 0 0
Syntrophus sp. 0 0 1 2.2 0 0
Unclassfied 6 6.6 3 2.8 3 5
&-Proteobacteria Arcobacter sp. 0 0 2 4.5 0 0
n-Proteobacteria 2 2.2 5 11.2 5 8.8
Arenimonas sp. 0 0 0 0 2 3.3
Cellvibrio sp. 0 0 0 0 3 5
Lysobacter sp. 0 0 2 4.4 0 0
Pseudomonas sp. 1 1.1 1 2.2 0 0
Unclassifed 2 2.2 3 6.8 0 0
Acidobacteria 2 2.2 1 2.2 0 0
Geothrix sp. 0 0 1 2.2 0 0
Actinobacteria 2 2. 3 6.7 2 2.2
Arthrobacter sp. 2 2.2 0 0 2 2.2
Olsenella sp. 0 0 2 4.5 0 0
Tessaracoccus sp. 0 0 1 2.2 0 0
Bacteroidetes 4 6.5 4 9 4 6.6
Bacteroides sp. 0 0 2 4.5 0 0
Flavobacterium sp. 3 5 2 4.5 3 5
Flavihumibacter sp. 1 1.1 0 0 1 1.6
Chloroflexi Chlorobium sp. 0 0 3 1.8 0 0
Cyanobacteria 8 8.9 0 0 3 5
Cyanobium sp. 4 4.5 0 0 1 1.6
Cylindrospermopsis sp. 2 2.2 0 0 0 0
Raphidiopsis sp. 2 2.2 0 0 0 0
Firmicutes Clostridium sp. 1 1.1 1 2.2 0 0
Planctomycetes Pirellula sp. 4 4.5 6 8.8 3 5
Spirochaetes 0 0 1 1.3 0 0
Verrucomicrobia 7 12 0 0 1 1.6

8-Proteobacteria J& 8 JE AT B H L Ui FIAR K 1 50
RESCRERIIR E & 258, BlFE & 4 ka5 W
FEff DI BEAT 1 Desulfocapsa sp. A RIPE R 1
M yibE 5 R BEAE B A 3K A Desulfobacula sp.
IR Y K T 4 A TERE TS L R R SR Y
R i Desulfomicrobium sp. Hr14uETSR
TR T ReE Syntrophus sp. *H{u,@%—%—uﬂl

n-Proteobacteria 3243 7EAM K AT i 1Y 52
B SCPE  AMK T AL 1 AN SOk 7 5 g A gk K

PR Z ) Pseudomonas sp. F B AHPE! 2 A5
G- S5 ) 1Y) BRL R A R 25 PR OCRY Lysobacter
sp. MU RS R 2, PR 6 A FokE T 5 40 R AR
T PRAIEE Arenimonas sp. Fl Cellvibrio sp. FLL %
(28]

EASIE T b U 1] ( Bacteroidetes ) | 4 20 &
["]( Cyanobacteria) . FIEEEE [ ] ( Firmicutes) N+ &
FHE. Bacteroidetes J& A HLY B A 1k 1Y £ 2 DTk,
H 2 B ARk 5 7K B A HLA) 0% o ik S 30 4 2 19 TE AR
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Fig. 2 Phylogenetic distribution of the OTUs in three clone libraries
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(RO B, #E— 20 0 A [R) R R 20 1 R v T e
SRR PR B RO R Y AT 3 T A5 RF A
TIRE LR 434 22 5P 3% (P <0.001) . narG B [RAE
Ui MK RS B9FE DLECH 4. 95 copiestng ™', = T4k
KT MZ BE RS R9#5 DLE 4. 71 copies+ng ™' Fl R iiE MK
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Fig. 3 Abundance distribution based on copies

of three typical functional genes

FE S 45 LB 4. 12 copies-ng ™', EAR UG IE 128 1k
HAH merAd FERFERMK T MZ B 8003 DLECh 3. 92
copies+ng ™', WL T i MK AF R0 95 D15 2. 42
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49'5.23 copies-ng ', [FIFE IR E = T E MK A 80
FEDLH 4. 62 copies-ng ™' AT IFFE £ MJ B9 #5 D1 %L
3.65 copies+ng . merA FEPR 5 nifH FE A X 2 AR
P n] BEAZ PR AR K B AL 7 B, B3 B A b K
FE T B NI RE.

3 itig

301 FRAIKRI KT TS U 40 R R 7 2 ARE R A5 IR

AT RV YRR Z HE 2 5 BRI i
N RSS2 AR A A 35 32 T AR KA K S B i)
Mg Ak 2R 8 A TRV 2 REPE RN ZH R IE Y ] = A
mfzs s 23 Spearman HH MMM R, 45 FE A
WEEIREE 3 B8, SRS, YA E
435 TN, TP, ORP, TOC, Mn. Fe ¥ J¥ & 3 4
O G () 7KL K A PR B 1) T SR 40 il P
KA ML RSS2 90 DU RUE A K AL, S 30k K
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PRIV PR E B A A 1 B DRI P K s R 1
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TR W 40 5 245 R 110 2 A o AR 2 A P i
R W, AR MO A Y A P A R
i 17 (19 245 2R, I A 1 I ik o A R k9 AR
B FRITRAEA B AT R | b R 5 3
1o ST A D RE R N FE S B i 1L 1, &
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TE RIS 0 nifH P g 5 PR X 35 B2 R AR A
ARSI TR A Ak o FERE SRR 31. 2% WY SRE S
KA A RGP R R 1 E A OC, LSRR 1] Y S A
J& ( Chlorobium sp. ) FARFR. b FIWHA o 5ok SO
12. 4% F1 11. 6% (14 52 1% 5 42 25 R G h R [ E A
K. narG BN 5 BAGH AL N BEAT ¢, T2
Wi A W LA R R AR ) hy v 1 32 4 7 A R Y S
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