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2.8km, XY3 HzZ4 HZ5 5.0km 135 ,
4.2km) 5 (Principal-component analy-
, sis, PCA) SYSTAT (version
250g : XEI1: 28°13'40"N, 13.0; SPSS, Inc., Chicago, IL) Shannon-
112°58'08.76"E; XE2: 28°13'24.6"N, 112°58'05.86"E; Weaver index H ( ) H= > (pi)
XY3: 28°11'59.87"N, 112°57'07.14"E; HZ4: 28°08’ (log,pi) pi
27.34"N, 112°56'49.98"E; HZ5: 28°08'34.60"N, 112°56¢’ ’ ’
" (OTL) (Dopson et al, 2003)
50.76"E
12 1.3.6 16S rDNA
GenBank ,
[ICP-AES: Baird Plasma Spec- JF304112  JF304147
trovac PS-6(N+1)] 2
1.3
131  DNA DNA 2.1
(Zhou et al, 1996) ICP-AES
DNA OMEGA E.ZN.A. ! 2, 37 6
DNA 1 2 , , .XE2
1.3.2 168 rRNA PCR ; . G Hg Au Co Pb Ni Cd
Pd W
DNA  16S rRNA ° ’
XE2 ; XY3 Ca
: 1492R (5'-GGT TAC CTT GTT ACG M
ACT T-3") 25F(5'-TCY GGT TGA TCC YGC g . ’ HZ4
CRC-3") 194 40s,55 40s,72  45s, ’ ’
] Ba , Hg Cd Pb
30 s 72 8min PCR
Cr As
(CJ94-1999) ,
1.3.3 PCR
PCR TOYOBO MagExtractor®- ’ ' ’
PCR & GelCleanUp DNA 29 PCA
PCR T >
; ; PCR PCA 1A , XEl
(RFLP) XY3, HZ4  XE2 ,
Msp I  Hin PI (New Eng- HZ5
land Biolabs, Beverly, Mass) RFLP PCA
(Yin etal, 2007) PCI 73.5%, PC2
1.34 36 18.3%,
16S rDNA 91.8% ,
BLASTN 85%
(http://www.ncbi.nlm. nih.gov/BLAST) , PC1 PC2 ,
s 16S rDNA s
., MEGAA4.1 2.3 16S rDNA RFLP
, (Neighbor-Joining) RFLP ,
(Saitou et al, 1987), BOOTSTRAP , 707 ,
1000 (Felsenstein, , 349
1985) (OTU) RFLP ,
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OTU R XE2 R
88 OTU R HZ5 R OTU
137
1 HIHES DRRNAERN SR TEN (/)
Tab.l Metal concentrations in the outfall sediments of the
Xiangjiang River (mg/g)
XE1 XE2 XY3 HZ4 HZ5
Au 0.394 0.5883 0.3823 0.5449 0.3256
Cu 0.7952 0.8664 0.8769 0.731 0.6685
Co 0.1633 0.2065 0.0986 0.1698 0.1202
Pb 2.7548 3.4718 2.6068 2.7718 2.7104
Cd 0.0051 0.008 0.0022 0.0066 0.003
Ag — — — — —
Ni 0.3929 0.4949 0.2565 0.4737 0.3038
Cr 0.9892 1.0972 0.7969 1.0532 0.8915
Hg 2.5236 3.1611 2.5174 2.895 2.7588
Sn 1.8185 3.2535 1.651 1.8647 1.7359
Zn 3.6135 5.4128 2.5454 4.7008 2.8503
Ta 1.5232 2.1173 1.174 1.8191 1.2805
Pt — — — — —
La 0.4408 0.6732 0.4386 0.519 0.5257
Sc 0.1008 0.1382 0.1095 0.1219 0.1208
w 0.95 1.6835 0.7742 1.3441 1.1703
Ce 0.2859 1.062 0 0.5032 0.0469
Mn 19.0736  28.1463  16.6305 27.0333  10.3597
Nb 0.0423 0.0943 0.0214 0.0366 0.032
Ti 30.4191  40.5733  36.3701 36.9859 37.9879
Y 0.1743 0.247 0.1625 0.2337 0.2043
Mo 0.9245 0.9214 0.6279 0.6813 0.5873
Nd — — — — —
Ga 0.6997 1.2157 0.3022 0.8039 0.2334
v 0.8883 1.2171 0.9025 1.1206 0.9262
Pd 0.2141 0.3865 0.0131 0.2575 0.1998
Sb 3.3061 4.22 3.2508 3.6775 4.1956
In 0.8261 1.1018 0.4845 0.8405 0.6285
Zr 1.1044 1.3746 1.0652 1.3187 1.1873
Ba 2.5592 3.0388 2.5356 5.1706 3.2241
Ca 57.0387  67.0048 124.576 55.139 39.0515
Al 657.16 900.327  730.722  815.651  855.33
Fe 430.421 542.876  406.727 513.252  416.687
Mg 59.8181 72.0166 48.4622 66.384 63.0718
Be 0.0336 0.0499 0.0274 0.0457 0.0348
K 206.136  219.531 189.83 210.187  231.134
Na 31.0069 85.7504 51.716 69.1473  57.6721

Fz2 MIHESOMAMHERENIEERETTES H(mg/e)
Tab.2 Nonmetal element concentrations in the outfall sediments
of the Xiangjiang River (mg/g)

B P S As Se  N(NH"

XE1 3.3967 9.9923 3.7843 3.5481 5.1274 0.0547
XE2 5.1536 11.8132 4.4372 6.2954 6.6163 0.0343
XY3 4.4496 9.2443 5.7755 3.2169 5.2038 0.0154
HZ4 6.0596  10.82 3,502  5.1512  6.1196 0.0292
HZ5 6.2633 7.7184 23118 4.0183 5.5702 0.0211

OTU , 4 OTU(OTU2,
OTU9, OTU31, OTU33) 5

E

. XE1, 53%; XE2, 41%; XY3, 34%;

HZ4, 56%; HZ5, 50% 3—4
OTU OTU
HC 3, ,
HZ4 20% HZ5
( )
2.4
RFLP , 36 16S
rDNA OTU , NCBI
(http://www.ncbi.nlm.nih.gov/BLAST/) BLASTN
s Neighbor-Joining
, 16S rDNA
CLUSTAL W
(2
2 , 2
, (Euryarchaeota)
(Crenarchaeota) 75%
(Methanomicrobia),
(Methanosarcinales, 42.8%) Methanocellales
( 8.6%) (Methanomicrobiales,
25.6%) )
25%
Methanosarcinales HZ5 4
, Methanosaeta sp. strain
AJ133791 Methanocellales XE2

, HZ5
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%3 ET RFLP £#7 16S rDNA By M50 % HE 115 %
Tab.3 Percent similarity and diversity index (H) in 16S rDNA
based on the RFLP analysis
(%)
H(%) >
XE2 XY3 HZ4 HZ5 2007)
XE1 8.05 11.40 12.50 17.20 6.61
XE2 — 8.00 10.60 8.10 6.07 ’
, XE2
XY3 — — 20.00 12.60 6.43
HZ4 — — — 14.10 6.51 ’
HZ5 — — — — 6.85 HZ4, XY3
2.5 (Feris et al, 2003), ,
, canoco for windows s
PCA
, PC1 , )
33.2%, PC2
29.9%, 63.0% 3.2
( 1B)
PCA ( ) s
1B), XEl XY3, HZ4 XE2 ,
s HZ5 ,
3
( , 2007;
3.1 , 2010; Yan et al, 2003; Siham, 2007; Ruiz et al,
> 2008)
(Liao et al, 2007; ,
Simmons, 2004) , )
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X51423 Methanothrix soehngeniii T
JF304115 Uncultured archaeon clone 5(1)

JF304114 Uncultured archaeon clone 7(3)

JF304113 Uncultured archaeon clone 7(13)
EU591663 Uncultured archaeon clone MTSArc_G11
JF304112 Uncultured archaeon clone 9(8)
EU155953 Uncultured archaeon clone MH1492_1H
JF304143 Uncultured archaeon clone 7(32)
JF304116 Uncultured archaeon clone 9(14)
JF304117 Uncultured archaeon clone 3(40)
JF304142 Uncultured archaeon clone 3(45)

AJ133791 Methanosaecta sp. Clone Al
EF174501 Methanomethylovorans sp. Z1 B

AB288264 Methanosarcina sp. HC-2
JF304118 Uncultured archaeon clone 7(18)

Methanosarcinales

EF644783 Uncultured archaeon clone L7A3

JF304124 OTU33 (XE1=3,XE2=1,XY3=1,HZ4=4,HZ5=3)

100

JF304119 Uncultured archaeon clone 7(8)
JF304120 Uncultured archaeon clone 9(23)

61

61

I JF304147 uncultured archaeon clone 3(16)

JF304121 OTU31 (XE1=3, HZ4=2, HZ5=1)
FJ907180 Archaeon enrichment culture clone LCB_A1C9
JF304122 Uncultured archaeon clone 5(17)
926 FJ982666 Uncultured archaeon clone PASLSS0.5m_1
93 JF304123 Uncultured archaeon clone 1(20)

99 JF304144 Uncultured archaeon clone 9(34) L
\%E AB196288 Methanocella paludicola
100

JF304125 Uncultured archaeon clone 7(47) E

84

98 |: AB162774 Methanolinea tarda
JF304127 Uncultured archaeon clone 5(11)

58|: EU721748 Uncultured Methanoculleus sp. D003011022
JF304126 Uncultured archaeon clone 9(38)

Methanocellales

JF304146 uncultured archacon clone 5(2) A

100,: JF304128 Uncultured archaeon clone 5(6)
JF304129 OTU2 (XE1=1,XE2=6,XY3=2,HZ4=3,HZ5=2) i

95

100

54

76

Y 16428 Methanofollis liminatans strain DSM4140

100 EU910625 Uncultured euryarchaeote clone D4
JF304130 OTU9 (XE1=6,XE2=12,XY3=5,HZ4=11,HZ5=4)
99 JF304131 Uncultured archaeon clone 5(7)
JF304132 Uncultured archaeon clone 7(33)
AB479390 Methanomicrobiales archaeon SMSP
31 EU887826 Candidatus Methanoregula boonei strain SN19
97 JF304133 Uncultured archaeon clone 1(5) i
AB243810 Uncultured crenarchaeote clone NRP-S
93— JF304136 Uncultured archaeon clone 5(22)
[ AB161330 Uncultured archaeon clone ASC27
JF304134 Uncultured archaeon clone 1(44)
100 JF304135 Uncultured archaeon clone 9(33)
AB237757 Uncultured archaeon clone HDBW-WA24
100 JF304137 Uncultured archaeon clone 3(25)
AJ576209 Uncultured archaeon clone GZK8
AY 601285 Uncultured crenarchaeote clone GFS1-9500i
92 JF304138 Uncultured archaeon clone 3(15)
ﬂ‘f JF304139 Uncultured archaeon clone 5(36)
EU284611 Uncultured archaeon clone COSAS-F2
[ UAU62814 Unidentified archacon SCA1154

Methanomicrobiales

)

100— JF304145 OTU32 (XE2=1, XY3=2, HZ4=3)

UAU62811 Unidentified archaeon SCA1145

100 EU284609 Uncultured archaeon clone COSAS-E7

JF304140 Uncultured archaeon clone 3(31)

58 EU281335 Candidatus Nitrososphaera gargensis clone RHGA92E13¢
100 JF304141 Uncultured archaeon clone 1(15)

DQ360844 Escherichia coli strain ATCC25922

2 Neighbor-joining

Fig.2 Phylogenetic tree derived from the Neighbor-joining analysis based on the 16S rDNA sequences

s

Euryarchaeota

Crenarchaeota
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CORRELATION BETWEEN POLLUTANTS AND MICROBIAL COMMUNITY
STRUCTURE IN THE OUTFALL SEDIMENTS OF THE XIANG-JIANG RIVER NEAR
CHANGSHA CITY

GAO Jian, DENG Xian-Yu, XU Ai-Qing, KANG Jian
(School of Life Sciences, Hunan University of Science and Technology, Xiangtan, 411201)

Abstract Using ICP-AES, PCA and PCR-RFLP methods, correlations between pollutants and microbial community
structure, mostly the community structure of archaea, in the outfall sediments of the Xiangjiang River near Changsha City
were studied. ICP-AES analysis indicated that there were significant differences between the pollution levels of three sam-
pling areas. In five sampling sites, a total of 707 screened clones were selected and categorized into 349 operational taxo-
nomic units (OTUs) using restriction enzyme analysis. Phylogenetic analysis showed that the sequenced clones mostly
belonged to two phylums: Crenarchaeota and Euryarchaeota, in which Methanomicrobia accounted for 75% of the total
clones. Furthermore, the results of PCA analysis on OTUs distribution in these five sampling sites were consistent with
those from the PCA analysis on geochemical characteristics. This consistency fully demonstrated that the composition of
microbial communities can be significantly affected by pollution level. The results obtained in this study may be important
not only in further clarifying microbial adaptation mechanism to the environment, but also in providing theoretical basis
and guidance for microbial remediation of polluted environment.

Key words PCR-RFLP analysis technology, ICP-AES testing method, PCA analysis, Phylogenetic analysis,

Community structure



