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Abstract: The composition of microbial communities in five waste mining water samples (from Tong Ivshan
copper mine, Hubei province, and Zhong tiaoshan copper mine, Shanxi province) were studied, using cul-
ture-independent 16S rDNA based cloning approach-restriction fragment length polymorphism (RFLP)
analysis method. Phylogenetic analysis revealed that the bacteria in these five samples fell into 4 major
groups: Proteobacteria, Nitrospira, Firmicutes and Bacteroidetes. Archaca were only detected in samples
from Tong lvshan copper mine. Thermoplasma and Ferroplasma lineages were detected abundantly in these
two samples. Meanwhile, the results of Principal Component Analysis (PCA) revealed that biogeochemical
properties affected the diversity of microbial communities in mine water. The pH, temperature and different
concentrations of elements such as S, Ni, Co and Cu seemed to be key factors resulting in the diverse distri-
bution of microbes among water samples in this study.
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30 ,

[4]
11 (561

>

Acidothiobacillus fer-

rooxidans Leptospirillum ferrooxidans ®™"
; pH
[5,6,8,9]
, RFLP
PCA
1 e
5 ., K1 K2
SX1 SX2  SX3, pH 2.5 2.5 2.0
3.0 6.0, 16°C~25°C
2 LRI
2.1 ERIKE
, 0.22 pum

, DNA
2.2 E[F4H DNA 2E
DNA
Zhou  (1996) (10]
2.3 YAHEAY 16S rDNA PCR 1%
16S rDNA
27F  1492RMY, 27F:
5-AGAGTTTGATCCTGGCTCAG-3', 1492R: 5'-
CGGCTACCTTGTTACGACTT-3'
16S rDNA PCR
50 pL: 10xPCR 5 pL, dNTPs (10 mmol/L)
4 pL, MgCl, (25 mmol/L) 3 pL, 1 uL,
DNA 1 pL, Tag (5 U/uL) 1 pL,

50 uL PCR 94°C 3 min;
94°C 1 min, 55°C 30 s, 72°C 1 min, 32 ; 72°C
10 min
2.4 THEAY 16S rDNA PCR ¥ 12

16S rDNA

S-D-Arch-0344-a-S-20 (5'-ACGGGG
CGCAGCAGGCGCGA-3')  S-*-Univ-1517-a-A-21
(5'-ACGGCTACCTTGTTACGACTT-3") '*"]

16S rDNA PCR
2.3 ,
16S rDNA PCR
94°C 3 min; 94°C 1 min, 50°C 30's,
72°C 1 min, 32 ; 72°C 10 min
2.5 &EE. %1LF0 SP6. T7 PCR ¥ 1
16S rDNA Wizard plus SV
(Promega corpora-
, T
DNA T
24 h~48 h
5 uL,
1 uL, T4 DNA

Minipreps DNA
tion, USA)
corporation, USA)
3:1, 16°C
10 pL: 2xRapid Ligation
PCR 3 uL, PGEM-T
1 pL

(Promega

T E. coli DH5a s
X-Gal IPTG 50 pg/mL
LB ,37°C ,14h~16h

IxXTE , PCR 99.9°C 5 min
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F1 ENTUEKERPETENRE
Table 1 Main elements in five water samples
(mg/L) Samples
Elements SX1 SX2 SX3 K1 K2
Fe 1575.00 11.42 0.00 1300.00 545.00
Cu 1212.50 9.96 12.18 374.40 990.00
S 10783.33 70.00 236.67 2060.00 1610.00
P 8.00 1.23 2.00 7.30 5.40
Zn 5.00 0.91 0.14 53.00 57.50
Pb 0.14 0.07 0.10 2.80 3.20
As 0.39 0.04 0.04 3.50 2.60
Co 16.95 0.10 0.14 3.10 2.83
Ni 15.00 0.20 0.16 5.40 3.20
Mn 143.00 56.02 36.00 159.00 148.50
Mg 406.50 125.00 100.50 382.50 278.50
Ca 612.50 300.00 256.50 459.10 516.00
Al 269.50 158.00 98.50 275.90 284.90
Si 65.50 40.00 51.00 50.40 90.70
Bi 12.00 6.00 2.50 9.40 18.70
In 5.00 0.50 0.01 4.70 0.01
Au 0.05x107* 0.00 0.00 3.40 2.90
Ag 0.03x107* 0.00 0.00 0.50 0.01
Mo 0.01x107° 0.01x107 0.01x107° 0.50 0.60
), SP6 T7-PCR , 16S rDNA
Afa Msp K1 NCBI Blast ,
1 ( 4 . s NCBI
) RFLP 5%, Bootstrap
Neighbor-joining
2 3 4
16S rDNA 16S 2 SX1 SX2 SX3 46
rDNA RFLP , ,

, 57 SX1 4 , Proteobacteria Nitrospira
8 (8 OTUs), 89  SX2 Firmicutes Bacteroidetes 60.62%
25 OTUs, 80  SX3 Proteobacteria

26 OTUs, 83 Kl 18 OTUs, ; Nitrospira 29.20%
9% K2 17 OTUs; 59  KI1G ( 20.80%  Leptospirillum ferrooxi-
11 OTUs, 67 K2G dans , 0.88%  Leptospirillum ferriphilum ,
15 OTUs 94 OTUs 7.52%  Leptospirillum group );

26 OTUs 2.65% Firmicutes ;

33 RBALBHI 3 : 7.52%
RFLP —Bacteroi-
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M 1 2 3ES O RURRIRIP] 3 14 1516 M 17 18 20 212223 ) 28 29 30 32 3334 35M

100

100

bp 90 91 92 93 94 M

100

1 H& K1 485 16S rDNA 52pE3CE RFLP 4347 B %
Fig. 1 Profile of RFLP patterns in bacterial library K1 from sample K1
M: 100 bp DNA ;5 1-94: K1-1-K1-94; K1: 1.
Note: M: 100 bp DNA ladder plus; 1-94: Clones K1-1-K1-94; K1: One sampling site in Tonglushan mine, Hubei, China.
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E Chimaereicella alkaliphila type strain AC74 (AJ717393)
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%
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w

SX2 46
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@rbwpzrﬂlum sp. (AB218284)
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SXZ 58
lcalzgenes sp. mp-2 (AY331576)
SX2-14
SX3-43
Nitrosospira sp. 1117 (AY123809)
SX2-26

SX2-4

—

0.05

2 RS SX1. SX2 #0 SX3 H4fE 16S rDNA EE R G4 B #

Bacteroidetes

Nitrospira

Firmicutes

Proteobacteria

Fig. 2 Phylogenetic distribution of the bacterial representative 16S rDNA sequences from samples SX1, SX2 and SX3

>

0.05

;) SX1 SX2  SX3: 3 , ;

1 2 3.

117

Note: The sequences obtained in this study were indicated in bold; SX1, SX2 and SX3: Three sampling sites in Zhong tiaoshan copper mine,
China; Numbers 1, 2, 3..

. 117 represented different clones, respectively; Scale 0.05 represented the distance of evolution.
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[ _|:Uncultured thermal soil bacterium clone YNPFFP2 (AF391985),
K1-93
Butyrate-producing bacterium A2-165 (AJ270469) Firmicutes
Butyrate-producing bacterium L2-6 (AJ270470)
K1-21 -
K2-46 _ —_—
Acidiphilium sp. XTS-1 (DQ168464)
K2-62 a
Acidiphilium sp. (D30769) —
Iron-oxidizing acidophile m-1 (AF387301) _
— Il K2-28
K1-78
Uncultured bacterium clone fppg9 (DQ303294) ¥
L] Acidithiobacilus ferrooxidons strain YTW (DQ062116 Proteobacteria
K1-62
| Acidithiobacilus albertensis strain DSM 14366 (AJ459804)|
I: K1-80
L | K1-13 B
[Acidovorax sp. isolate G8B1 (AJ012071) —
K1-83
E Nitrosospira sp. 1117 (AJ123809) b
K1-30 ]
Uncultured bacterium SC07 (AF225453) — -
K2-47
K1-
20 group III
Uncultured bacterium BA29 (AF225448)
K1-22
Leptospirillum ferrooxidans strain Sy (AF356839) _
iLeptospirillum ferrooxidans strain Chil-L 3 (AF356835) Nitrospira
Leptospirillum ferrooxidans strain CF12 (AF356834) group |
I: K2-21
K2-5 |
— Leptospirillum ferrooxidans strain Fairview (AF356830) .
K2-99 group 11
Leptospirillum sp. isolate LA (AJ237902)
— K2-23 - -
—
0.02

3 H& K1 # K2 P4HE 16S rDNA EE RS R B/
Fig. 3 Phylogenetic distribution of the bacterial representative 16S rDNA sequences from samples K1 and K2
; K1 K2: N ; 5,13,21...99
0.02

Note: The sequences obtained in this study were indicated in bold; K1 and K2: Two sampling sites in Tonglvshan mine, China; Numbers 5, 13,
21... 99 represented different clones, respectively; Scale 0.02 represented the distance of evolution.

detes Nitrospira (21.22%) Firmicutes ( 1.68%)
3 , K1 K2 ,
179 3 K1-30, 68 KI
Proteobacteria ( 77.09% ) K1-83 B-Proteobacteria
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K1G-43 -
Desulfurococcus amylolyticus (AF250331)
_|i Sulfolobus acidocaldarius (D14876) Sulfolobales
Sulfolobales archaeon KOZ01 (DQ350777)  _
Methanothermus fervidus (M59145) —
Uncultured archacon VC2.1 Arc6 (AF068817)
1— Unidentified archaecm (AB019742) Methanothermus
K2G-41 —
—— Uncultured archaecn clone ant g10 (DQ303253) —_
Uncultured archaecn clone ant d5 (DQ303252)
_rl(l G-13
K2G-10
K1G-48
K1G-32 Thermoplasma
| K1G-20
Thermoplasma acidophilum (M38637)
Thermoplasma acidophilum (M20822)
Thermoplasma volcanium strain GSS1 (AJ299215) _
K1G-14 —_—
—I: Ferroplasma cyprexacervatum (AY907888)
— K2G-75
Ferroplasma acidiphilus strain DR1 (AY222042)
-IiF erroplasma acidiphilus (AF145441) Ferroplasma
K1G-9
L K1G-31
—— K2G-46
—
0.05

4 #SKIMK2 FEHMAE 16S rDNA EERFLEH
Fig. 4 Phylogenetic distribution of the archaeal representative 16S rDNA sequences from samples K1 and K2
;KIG  K2G: , ; 9 10 13...75

0.05

Note: The sequences obtained in this study were indicated in bold; K1 and K2: two sampling sites in Tonglvshan mine, China; Numbers 9, 10,
13... 75 represented different clones, respectively; Scale 0.05 represented the distance of evolution.

( 3) K2-21 K2-5 K2-99 3C07 BA29 , Le-
K2-23, 23 K2 , ptospirillum group 164 ,
Leptospirillum (Leptospirillum group group Leptospirillum group
) 98% K2-47 K1-90 , Iron Mt.
K1-22 15 ( 5 Mine!®”)
K1 10 K2 ), Leptospi- 4 K1 K2 16S rDNA
rillum group Leptospirillum group K1G-13 K2G-10
68%  85%, K1G-48 KI1G-32 KI1G-20, 126
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63 5 - ’
Thermoplasma Ferroplasma ,
46.03%,
K1G-14 K2G-75 KI1G-9 KI1G-31 K2G-46, 5
K2G-41 PCA 6
, K2G , 80.62%
Methanothermus K2G-41 KI1G- 6 , pH
43 ; (temperature)
R 59% 80% Ni S Co Cu
, R pH Ni S Co
, , Cu
34 ERHSEPCAD s
4 S
PCA 5(A) )
PCl1 PC2, 1) 5
96.93% 4 Proteobacteria Nitrospira
) 5(A) Firmicutes Bacteroidetes
, SX1 SX2  SX3 , K1 2) 16SrDNA  PCR ,
K2 s , ,
OTUs >
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03 @ 558 ' 05 . % ;
0.90 0.95 1.00 1.05 -0.2 0.3 0.8 1.3
PC1 (91.86%) PC1 (53.35%)
5 PCA SiT&RE
Fig. 5 Ordinate plots from PCA based on biogeochemical parameters
A: (pH Fe Cu S Co Ni Zn Pb As Au Ag Mo etc.) ; B:
OTUs .PCI: 1; PC2: 2; SX1,SX2  SX3: 3 ,
;K1 K2: 5

Note: A: pH value and temperature, elements Fe, Cu, S, Co, Ni, Zn, Pb, As, Au, Ag, Mo, etc.; B: Based on different percentages of different
unique OTUs in libraries. PC1: Principal component analysis factor 1; PC2: Principal component analysis factor 2; SX1, SX2 and SX3: Three
different sampling sites in Zhongtiaoshan copper mine, China; K1 and K2: Two sampling sites in Tongshankou mine, China.
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analysis factor 2.
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