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Influence of Mine Tailings Drainage on Microbial Diversity in the River

Sediment and Paddy Soil
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Abstract : The changes of structure and diversity of microbial communities in paddy soil and river sediment defiled by heavy metals were
explored with PCR-DGGE and cloning technique. The results showed that paddy soil and river sediment were contaminated by drainage
from the impoundment of copper mine tailings containing Fe, As, Cu, Pb and Zn. The contents of heavy metals in contaminated
sediments ( H1-H6) and paddy soil (D5) were much higher than those in the paddy soils (D1-D4). The As,Fe and Cu contents
significantly affected the structure of bacterial community. The diversities of microbial communities in river sediments were lower than
that in paddy soils. The contaminated paddy soil (D5) presented higher microbial diversity comparing to the uncontaminated paddy soils
(D1-D4). The sequencing of prominent DGGE bands and BLAST results indicated that dominant taxa in river sediments and paddy
soils were Actinobacteria, Acidobacteria, Firmicutes, a-Proteobacteria and B-Proteobacteria, whereas the a-Proteobacteria was not
dominant in river sediments.
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Fig. 1 Distribution of the sampling sites
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, 4 N )

-20%C , ;
1.2
pH | (N). (P)
pH (W vV  =1:5), .
( - ) e
(550°C +5%C,6 h) (0] (Cr .Fe.As,
Cu.Pb  Zn) HF-HNO,-HCIO,
,ICP-AES (21,
1.3
SPSS 16. 0 ,  One-
Way ANOVA (Duncan )
(p<0.05). CANOCO 4.5 DGGE

(canonical correlation analysis, CCA) ,

1.4
1.4.1 DNA

Zhou % , 0.5g¢ 2
mL , 540 pL DNA

[0.1 mol/L PBS (pH = 8),0.1 mol/L. EDTA, 0. 1
mol/L Tris base (pH =8),1.5 mol/L NaCl, 1. 0%
CTAB] 8 pL K (10 mg/ml), 37%C.
225 r/min 30 min 60 pL 20%  SDS,

b

65C 2 h( 15 min ),
4°C 8 000 r/min 10 min, ;
90 wL.  DNA 10 pLh20%  SDS,
10 s5,65C 10 min, 10 min, ,
1 , 3 .
/ / (25:24:1) ,8 000 r/min
10 min, ,
, / (24:1) ,8000
r/min 10 min 0.6
s 1h 25°C 12 000 r/min
20 min, ,70% 2,
, 30 uL TE DNA
, —20C ,1.2%
1.4.2 PCR
PCR, PCR:

27F(5'-AGA GTT TGA TCC TGG CTC AG-3")
1492R (5'- TGA CTG ACT GAG GYT ACC TTG
TTA CGA CTT-3") 16S rDNA



1780 32
(=], (50 pL) :10 x PCR buffer 5 uL s N
( Mg**),2 plL 50 DNA , 1.4.4 . .
2 pL(10 p mol/L, ),0.5 DGGE , 30 uL TE
pL Tag (5 U/pL),1 pL ANTP(10 mmol/L) ,2 uL ,4C 2 pL DNA
BSA(25 mg/mlL) , 50 plL. , 357F
PCR,94°C 5 min,94°C 60 s,65°C( 20 907R(  GC ).
0.5%C 55%C )45 s,72°C 120 , pEASY-TI1 ,

s, 55C 10 , 30 ; 72°C 5 E. coli Topl0 ,37°C 1h,
min ,4°C LB ,37°C

PCR: 16S tDNA V3 ~ V5 ,

GC357F (5'-CGC CCG CCG CGC GCG LB 37%C 4~8h
GCG GGC GGG GCG GGG GCA CGG GGG GCC TAC T MI13 PCR,

GGG AGG CAG CAG-3')
ATT CCT TTG AGT TT-3"),

907R'*! (5'-CCG TCA

NCBI( http ; //www.

100 ncbi. nlm. nih. gov) , GenBank
:94°C 5 min,94°C 1 min,65°C( 20 BLAST ,
0.5C 55C)1 min,72°C 3 Mega 4. 1
min, 55C 10 , 30 ,72°C 5
8 min,4°C
1.4.3 DGGE 2.1
6% ,
45% ~65% (100% 7 mol/L 40% 1. 1 ,
), (D5)pH (7.49) .
, 30 uL PCR ( 6 x (D1 ~D4) (5.32 ~
Loading buffer) , 100 V. 60C 17 h, 6.39), pH (7.46
30 min, Tanon ~7.82).
. -1
,  Tanon Gis 47.0 mg-g
(30.9 ~67.0 mg-g™") 48.0 mg-g~'
Shannon-Wiener (H")™! (37.1 ~62.4 mg-g™")
, ‘.on;. n C/N  61.9(21.4 ~102.1), C/N
H = - Z —In —
= N N , C/N 47.1(45.1 ~
,$ DGGE 3N 49.7), C/N
1 (M £S.D. ,n=4)
Table 1  Basic properties and total concentration of heavy metals
. N p
p /gkg™! /g-kg ! /mg-g ! Cr/mg-kg ™! Fe/g-kg ™! As/g kg ™! Cw/g-kg™! Pb/g-kg™!  Zn/g-kg”!
Hl  7.55+0.05 0.57+0.13* 3.3+0.4° 58.6+10.1™ 108.9+2.7" 139.0=13.4% 0.68 +0.08™ 1.59 £0.03* 0.88 +0.12° 1.57 +0.06"
H2 7.82+0.16 0.42+0.14*° 2.7+0.6! 30.9+8.5*  90.3+3.8" 103.6+2.7° 0.330.09® 2.25£0.18% 0.49 +0.13" 1.65 +0.09¢
H3 7.64+0.08 1.45+0.63" 3.420.3° 67.0+5.6° 111.5+13.3° 141.1+15.1° 1.105+0.18° 2.35+0.32°  0.79 +0.13° 1.56 +0.20"
H4  7.76 £0.11 0.81 £0.24% 3.1+0.5% 58.5+11.8™ 87.6+24.1°" 112.4+37.6° 0.64+0.17" 1.33+0.26> 1.18+0.29 1.63 0. 16"
H5 7.65+0.08 1.62+0.65° 3.6+0.5° 34.6+10.6° 845+9.0° 10L.1=x11.6° 1.76+0.35% 1.86+0.45" 0.15+0.03* 0.76 +0.11°
H6 7.46+0.14 0.58 £0.56* 3.4+0.7° 32.3£19.7* 109.6 +21.0™ 116.7 £25.0°/ 2.00 £0.85¢  1.56 £0.66" 0.16 £0.04* 0.64 =0.13™
DI 5.35+0.17 0.82+£0.04"* 1.5£0.3* 37.1x7.1°  86.7+11.5% 21.7£3.4* 0.02+0.01° 0.09£0.02° 0.04£0.01* 0.15 £0.02°
D2 5.32+0.24 0.99£0.16"7 2.0+0.3" 45.6 £9.0"  95.2+11.3" 28.3£2.2*° 0.04+0.02° 0.09£0.01°  0.10 £0.07* 0.20 £0.02°
D3 6.39+0.65 1.14£0.04° 2.3£0.1" 56.7+6.7"  99.4x11.2" 38.4£3.2° 0.07+0.04° 0.25£0.05°  0.11 £0.04* 0.29 +0.06
D4 571+0.31 1.27 £0.12°% 2.00.3" 62.4+8.5°  89.9+9.9% 389+2.6° 0.11£0.04* 0.23+0.02*°  0.05+0.00* 0.25 £0.03"
D5 7.49+0.17 0.84 £0.17%° 2.4 +0.4™ 38.3+9.5*° 101.9+21.1 65.2+13.8" 0.49 +0.40® 0.48 +0.18*  0.09 £0.05* 0.50 +0.16"
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N 0.91 g-kg™' (0.42 ~1.62 DS D4 D3 D2 DI H6 H5 H4 H3 H2 HI
g-kg™") 1.01 g-kg ' (0.82 ~
1.27 g¢-kg™'); P 3.2 g-kg ' (2.7 ~
3.6 g-kg™") 2.0 g-kg™' (1.5 ~
2.4 g-kg™"). ,H1L H5 N
H2 H5 D1 D5 P
(D1 ~ D4,
1). Cr.Fe As Cu.Pb 7Zn
1.1.3.7,18.9, 11.1, 7.8 5.9
Fe . As.Cu.Pb /n
(D5)
(D1 ~D4), Cr.Fe As,
Cu.Pb Zn 1.1, 2.0, 8.6,
29,12 2.3 |
Fe As.Cu.Pb Zn ) 2 _DGGE
Fig.2 DGGE profiles of samples
2.2 DGGE N
DGGE :
DGGE ,
( 2) , DGGE D5 ;
Y H6 b
DGGE , H2 Zhao ¥
. 2 ,
(D5) DGGE
(D1 ~D4); , N
) pH.
(0] PAST A 6071 pH
2. 2 NN
11 ( Shannon-H") (p<0.05), 3.
2
Table 2 Diversity index of bacterial communities in samples
H1 H2 H3 H4 H5 H6 D1 D2 D3 D4 D5
Shannon- H' 2.485 2.773 2.708 2.485 2.485 2.398 2.89 2.565 2.708 2.708 2.944
[41]
( Fe’ 1) ’ N
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) 95% , 3

’

3 Y B-Proteobacteria

Table 3 Canonical correlation analysis between the parameters of ( 3 ) B Proteobacteria
b

microbial communities structure and physicochemical properties

R I » Proteobacteria S N
pH 0.914 1. 650 0.0300 " [36]
TP 0.919 1. 780 0.0140" . ' .
As 0.908 1579 0.046 0 * Proteobacteria B-Proteobacteria (
Fe 0. 934 1.788 0.0160* 1.5.7 10),
Cu 0.923 1. 706 0.0260" a-Proteobacteria S-Proteobacteria
1) = (p<0.05) L37J' 9
53 (D5) , Proteobacteria
) DCCE 1 a-Proteobacteria
GenBank Firmicutes 3 6 G+C
N , enBan
s HM484210 ~ HM484220. BLAST ’ Fiemi
, 1irmicutes
GenBank 38,39
’ 9 3 6
( 2),
, 2
[30] , 2 Firmicutes ’
Actinobacteria.
DGGE Actinobacteria 4 8
’ [40] [41]
, DGGE ’ N
[31] ) N
12350 14 DGGE ’
, 11 , 3
b 2 b
[34]
2 11 Acidobacteria ,
DGGE s
[42]
( Neighbor-joining method ) 11 S Bam )
( 3 ) ) ’
11 , 5 . N
. Actinobacteria, Acidobacteria, Firmicutes. >
a-Proteobacteria B-Proteobacteria. , g ,
B-Proteobacteria ( 1.5.7 11 s
10 ), Actinobacteria. Acidobacteria D5 ,
Firmicutes 2 1 N

a-Proteobacteria. 3.5 8 GenBank
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76 Arthrobacter sp. PN3(FN397665)
Arthrobacter sp. TSBY 69(DQ173023) =
46 bandd (HM484213 ) }:
band8 (HM484217 ) g
‘ Uneultured actinobacterium clone g43(EU979052) -
40 Uncultured bacterium clone UOXB al 0(EUB69691)
100 = band11 (HM484220 )
Uncultured Holophaga sp.(AJ519383) E
d band2 (HM484211 ) E
67| 100} Uncultured Acidobacteria bacterium clone (FI516999 ) »r:
831 Uncultured bacterium gene(AB355050)
o Anoxybacillus flavithermus strain WL{FI950739)
62" Uncultured bacterium clone nbw392e06¢1(GQ097004)
0] | band3 (HM484212 ) —é
Uncultured Brevibacillus sp. clone SHBZ1600( EU638458 ) E
band6 (HM484215 ) -
44% Bacillus thuringiensis ~ strain CQUBY(FJ966074) _
Uncultured bacterium clone OTU 12(EU083490) g
69| band9 (HM484218 ) '?;
Uneultured Hyphomicrobiaceae bacterium clone (EF018209) E
9g| bandl C(HM484210 ) -
Uncultured bacterium clone nbw608h09¢1(GQ109138 )
gg| band7 (HM484216 ) -
Unecultured bacterium clone nbw803b12¢1{GQO13228) -3
band5 (HM484214 ) __g
Uncultured beta proteobacterium clone CHIF8(FI1916219) :‘i
i o band10 (HMA484219 )
- Uncultured proteobacterium clone GASP -MA4S3_COS(EF664134)
3 DGGE
Fig.3  Phylogenetic tree based on 11 bands from DGGE profiles
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