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Characterization of bacteria community associated with soil
arsenic and sulphate contamination based on
16S rRNA gene sequences
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Abstract: In order to investigate molecular diversity of bacteria community from both a normal arable soil
(Nor-1) and an arsenic and sulphate polluted soil (Sul-1). Environmental total DNA was directly extracted
from two soil samples. The 16S rRNA genes were amplified from the total DNA and construction a clone li-
brary. Positive clones were randomly selected from the library and identified by amplified ribosomal DNA
restriction analysis (ARDRA) and sequencing, then constructed phylogenetic tree. 23 unique clone se-
quences from Nor-1 soil were classified into 5 bacterial phylum including Acidobacteria (12.3%, 8/65), Ac-
tinobacteria (3.1%, 2/65), Firmicutes (21.5%, 14/65), Nitrospira (3.1%, 2/65) and Proteobacteria (60%,
39/65), while 19 unique clone sequences from Sul-1 soil were classified into 2 bacterial phylum including
Firmicutes (29.5%, 13/44), and Proteobacteria (70.5%, 31/44). The result suggested that the high concentra-
tion of arsenic and sulphate influenced the bacterial population of Sul-1 soil leading to construction of obvi-
ously specific bacteria community. Interestingly, a lot of Acinetobacter related sequences have been detected
in Sul-1 soil bacteria community including clone Sull1/15, Sull2/7 and Sul12/11. Because Acinetobacter
strains are often ubiquitous, exhibit metabolic versatility, those related strains may be good targets for ex-
ploiting novel arsenic detoxification bacteria.
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1 Introduction

Fast development of chemical industry in devel-
oping country, such as China, has generated large vol-
umes of a variety of ion-rich residues. Inadequate
management and abandonment of these residues have
resulted in environmental impacts due to contaminants
dispersal into soil, air and water™. Sulfuric acid has
many applications, and is a central substance in the
chemical industry. As an important basic raw material,
sulfuric acid is extensively used in chemical, light in-
dustry, textile, metallurgical, petrochemical and phar-
maceutical sectors. The sulfuric acid production in
China uses pyrite as major raw material for years.
However, for a long time, China has not made any
special pollutant emission standard for the sulfuric
acid industry. As a highly polluting industry, the wa-
ter-based pollutants like arsenic, fluoride and heavy
metal ions emitted in the production of sulfuric acid
can cause significant harm to human health in Chinal®.

Because of widely using pyrite as major raw ma-
terial in china sulfuric acid industry, a lot of drainage
containing high concentration of arsenic and sulphate
has been dispersal into soil. Arsenic is considered to
be a semimetal with metallic and nonmetallic proper-
ties. Arsenic is toxic to not only bacteria, but also
other domains of life. In the environment, the biogeo-
chemical cycle of arsenic strongly depends on micro-

bial transformation, which affects the mobility and the
distribution of arsenic species in the environment!.
Arsenic contaminations in soil and groundwater have
been reported in many parts of the world® . In China,
chronic drinking of arsenic-contaminated groundwater
has caused endemic arsenicosis, which has become a
major threat to public health™. Hence, remediation of
arsenic-contaminated soil and water is one of the ma-
jor challenges in environmental science and public
health. Microorganisms play a crucial role in arsenic
geochemical cycling through microbial transformation
processes, including reduction, oxidation, and methy-
lation®®). Low-cost, efficient, and environmentally
friendly remediation technologies to remove arsenic
from contaminated soil and water are urgently needed.
Thus, firstly it is important to elucidate the microbial
diverse populations and functional genes associated
with arsenic mobility and transport in arsenic polluted
soil. However, to fully understand the ecology of such
complex arsenic-contaminated soils, it is necessary to
analyze different microbial populations simultane-
ously.

Since culturable bacteria may only represent
0.1%-1.0% of the total microbial community™ !,
culture-independent molecular methods, such as pro-
filing soil DNA, are increasingly and widely used in
environmental microbiology™. Extraction of DNA
and RNA directly from bacteria in soil circumvents
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the requirement to grow microorganisms in laboratory
culture, avoiding problems associated with the differ-
ential growth rates of the estimated 1% that can be
grown routinely™™®. Analysis of 16S rRNA gene indi-
cates the bacteria population in any particular set of
conditions and the large, constantly increasing elec-
tronic database of gene sequences for the small sub-
unit of rRNA gene provides identification of many soil
bacteria with varying degrees of certainty to the genus,
species or sub-species level™,

There are few studies analyzing the bacterial
community in arsenic polluted soils or sediments, ei-
ther by culture-dependent™ or culture-independent
methods*®, and to our knowledge, no cul-
ture-independent studies of the bacteria community in
both arsenic and sulphate polluted soil from the outlet
of sulfuric acid chemical factory have been reported.
The aim of this study was to evaluate the structural
changes occurring in the bacterial populations of an
arsenic and sulphate polluted soil by screening envi-
ronmentally derived gene libraries by Amplified ribo-
somal DNA restriction analysis (ARDRA) and se-
quencing.

2 Materials and methods

2.1 Soil samples collection

Two soil samples were collected from Guang-
Dong province of P. R. China. The soil sample named
Sul-1 was collected from the outlet of Foshan chemi-
cal factory which mainly produce sulfuric acid; the
other soil sample named Nor-1 was collected from
normal arable soil which has a distance of 200 meter
from soil sample Sul-1 collection site. Samples for
physicochemical properties analysis were maintained
at 4 °C. Samples for DNA extraction were collected
into a dry ice-ethanol bath for flash-freezing, and then
stored at —70 °C until processing.

2.2 Construction of 16S rRNA gene libraries

The total community DNA of two soil samples

http://journals.im.ac.cn/wswxtbcn

was extracted using previous reported method!™").
Briefly, the soil sample was grinded in a mortar under
liquid nitrogen. The grinded soil was mixed with the
extraction buffer (200 mmol/L Tris-HCI; 100 mmol/L
EDTA; 100 mmol/L Sodium phosphate; 1.5 mol/L
NaCl; 1% [W/V] CTAB. pH 8.0) containing 1 g/L
protease K, followed by three freezing-thawing cycles
and then incubation at 65 °C for 2 hours. After chlo-
roform-isopentanol extraction, the total DNA was pre-
cipitated with cold isopropyl, washed with 70%
ice-cold alcohol, and purified by Sephedex G-200.

Primers 27F and 1492R™® were used to amplify
the 16S rRNA gene fragments with template DNA
originating from the two soil samples. The PCR mix-
ture consisted of 1xPCR buffer, 200 mmol/L dNTP,
0.25 mmol/L each of the forward and reverse primers,
0.5 U Tag polymerase (TaKaRa, Dalian, China) and
1 uL of DNA in a final volume of 25 puL. Polymerase
chain reaction consisted of a denaturing step at 94 °C
for 3 min before 30 cycles as follows: 94 °C for 45 s,
55 °C for 45 s and 72 °C for 1.5 min, and a final ex-
tension step for 10 min at 72 °C. 5 uL aliquots of the
reaction mixtures were analyzed by 1% agarose gel
electrophoresis to confirm the presence of products.
The amplified 16S rRNA gene segments were purified
by QIAquick Gel Extraction Kit (Qiagen, USA) and
ligated with pGEM-T easy Vector (Promega, USA)
following the protocols recommended by the manu-
facture, then electroporated into E. coli JM109 by
standard method™. Approx. 1 000 white transfor-
mants were random collected and stored each one soil
16S rRNA gene library.

2.3 Amplified ribosomal DNA restriction analy-
sis and sequencing

The clones of two soil 16S rRNA gene libraries
were extracted using Tiangen Plasmid Extraction Kit
(Tiangen, China). one pg aliquots of plasmid was di-
gested separately with the restriction endonuclease
Hinf I and Csp6 | for 3 h at 37 °C with buffer supplied
by the manufacturer (Promega, USA). Restriction
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fragments were analyzed by 1% agarose gel electro-
phoresis. The gel was digitalized using a scanner and
the images were contrasted using the NIH Image Pro-
gram 1.59 (National Institutes of Health, Bethesda,
MD, USA). Each unique pattern clones were selected
to further sequencing. Sequencing was performed in
Shanghai Sangon Sequencing Centre.

2.4 Phylogenetic analysis

For phylogenetic analysis, the 16S rRNA gene
sequences were first screened using the Naive Bayes-
ian Classifier of Ribosomal Database Project Il to
identify taxonomy®. The 16S rRNA gene sequences
of all related available in GenBank database were ex-
tracted after using BLAST to determine their closest
neighbor. After a complete alignment in clustalX pro-
grams (version 1.83)Y, the same parts of the 16S
rRNA gene sequences were selected for phylogenetic
analyses using default parameters in the MEGA soft-
ware package v.3.1%%2. Phylogenetic distances were
calculated by the neighbour joining (NJ) method using
the Kimura 2-parameter model in MEGA. The phy-
logenetic relationships were also confirmed by the
Likelihood and parsimony programs in the same
package. The bootstrapping supports for the trees were
calculated from a sample of 1 000 replicates.

2.5 Nucleotide sequence accession numbers

The nucleotide sequences determined in this
study have been deposited in the National Center for
Biotechnology Information (NCBI) database under
accession No. JF747160-JF747201.

3 Results

3.1 Physicochemical properties of the soil sam-
ples

Both Sul-1 soil sample from the outlet of Foshan
chemical factory and Nor-1 soil from a normal arable
soil were characterized by clay loam texture and a low
content of organic matter, Sul-1 soil was characterized

with a moderately acid pH while Nor-1 was charac-
terized with a neutralized pH (Table 1). Sulphate
concentration in Sul-1 soil sample is as high as
560 mg/kg, while there is low sulphate concentration
of 16 mg/kg in sample Nor-1. This may suggested
that the outlet soil of Foshan chemical factory have
been polluted because of long time draining with ex-
ceeded levels of sulphate imposed by the Chinese
Integrated wastewater discharge standard for indus-
trial sites (5 mg/kg). The Sur-1 soil sample also has
been polluted by arsenic with higher concentration of
124 mg/kg (Table 1).

Table 1 Physicochemical properties analysis of soil samples
from the outlet of Foshan chemical factory (Sul-1) and nor-
mal arable soil (Nor-1)

F1 BT Bk O IERE SR Sul-1)F0E @+
13 HE S (Nor-1) BB 11 14 R

Parameters

BH Nor-1 Sul-1
Textural classes £5HJ4F1IE (%)
Clay i 45.0 40.0
Sand #>hi 25.0 30.0
Silt ¥ ki 30.0 30.0
pH 6.5 5.5
SO, TR (ppm) 16.0 560.0
Fe?* 4#%(ppm) ND 10.0
As fifi(ppm) ND 124.0
Organic matter 5 ML) (%) 6.5 3.8

Note: ND: Not determined.
T ND: ARSI F).

3.2 Bacteria community diversity of normal ar-
able soil sample

A total of 65 clones of Nor-1 soil 16S rRNA gene
library were checked by amplified ribosomal DNA
restriction analysis and 23 clones with unique double
digestion banding patterns (data not shown) were se-
lected for sequencing. After checked by the Naive
Bayesian Classifier of Ribosomal Database Project I,
The 23 unique clone sequences were classified into 5
bacterial phylum including Acidobacteria (12.3%,
8/65), Actinobacteria (3.1%, 2/65), Firmicutes (21.5%,
14/65), Nitrospira (3.1%, 2/65) and Proteobacteria
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(60%, 39/65) (Table 2). In the case of the Acidobacte-
ria, Clone Norl/2, Norl/4 and Norl/6 belong to Aci-
dobacteria. Their closest relatives were from uncul-
tured bacteria with sequence identity of between 95
and 99%. Clone Norl12/2, Norl12/4, Nor12/13 and
Norl11/11 were classified into phylum Firmicutes,
three genus were identified including Clostridium,
Desulfotomaculum and Oscillospira in phylum Fir-
micutes. In the case of Proteobacteria, the major
clones belong to Betaproteobacteria (61.5%, 24/39)
and Gammaproteobacteria (28.2%, 11/39). In Be-
taproteobacteria, three sequences clustered as Coma-
monadaceae, but other genus, including Acidovorax,
Achromobacter and Naxibacter were also represented

in the set, and only one clone was identified into each
genus. Clone Norll/5 was affiliated with Achromo-
bacter xylosoxidans strain M66 with 99% sequence
identity. This bacterium normally inhabits aquatic
sources in the environment and hospital as well as the
human gut, but may cause nosocomial and commu-
nity-acquired infections, but this bacterium is not ob-
viously danger to health human. Clone Norl11/10,
Norl11/12 and Nor12/19 were affiliated with Coma-
monadaceae are the most abundant composition of
Nor-1 soil bacteria community, and may have impor-
tant roles in Nor-1 soil bacteria community. The rest
clone Norl/15 and Norl/16 were affiliated with un-
cultured bacteria with sequence identity of between 98

Table 2 Taxonomic affiliation of 16S rRNA gene sequences from a normal arable soil (Nor-1) according to their ARDRA patterns

%<2 1R¥E ARDRA S4B T 1E £ (Nor-1)F 16S rRNA ZEEFFIRI SR E

Clone Phylogenetic assignment Closest relative strain/clone and GenBank accession number Identity Number
FERET RYEHRF I RIRG R B TR ) 781 FIEE (%) Ko
Nor1/2 Acidobacteria Uncultured acidobacterium sp. clone 64 (EU223942) 99 2
Norl/4 Uncultured acidobacteria bacterium clone 01 (AB252947) 95 4
Nor1/6 Uncultured acidobacteria bacterium clone 2h-29 (FJ444657) 99 2
Nor1/5 Actinobacteria Micrococcus lylae strain d10 (AJ298940) 99 2
Nor12/2 Firmicutes Clostridium crotonatovorans strain R6B (AY742899) 96 2
Nor12/13 Clostridium metallolevans strain ASI1 (DQ133569) 92 2
Nor12/4 Desulfotomaculum guttoideum strain DSM 4024 ( NR_026409 ) 99 4
Nor11/11 Oscillospiraceae bacterium NML 061048 (EU149939 ) 99 6
Nor1/9 Nitrospira Nitrospira sp. (AF035813) 99 2
Nor1/13 Alphaproteobacteria Amaricoccus veronensis strain Ben102 (NR_029203) 96 1
Nor1/18 Betaproteobacteria Acidovorax sp. 4_C16_23 ( EF540489) 99 4
Nor11/5 Achromobacter xylosoxidans strain M66 ( HQ676601) 99 3
Nor11/10 Comamonas testosteroni strain F4 ( FJ967838) 100 4
Nor11/12 Comamonas testosteroni strain F4 ( F1967838) 99 3
Nor1/19 Uncultured Comamonadaceae bacterium clone LrhB76 (AM159380) 99 3
Norl/1 Naxibacter haematophilus strain Ag15 (EU554441) 99 1
Nor1/15 Uncultured bacterium clone SAV07F01 ( EU542355) 98 5
Norl/16 Uncultured bacterium clone WW1_b49 ( GQ264246) 99 1
Nor1/11 Deltaproteobacteria Uncultured bacterium clone BaMNPK2RC24 (FR751122) 98 3
Nor12/20 Gammaproteobacteria Citrobacter sp. CST-5.1 ( HQ123576) 99 2
Nor12/3 Klebsiella variicola strain C109 (HQ407284) 99 4
Nor12/23 Klebsiella variicola strain C109 (HQ407284) 99 3
Nor11/17 Pseudomonas sp. BCBo5 ( EU140959) 99 2
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and 99%. In Gammaproteobacteria, three genus were
identified including Pseudomonas, Klebsiella and
Citrobacter. Clone Nor11/17 belongs to genus Pseu-
domonas. The genus Pseudomonas contains more
than 140 species; most Pseudomonas strains known
to cause disease in humans are associated with op-
portunistic infections. It is a ubiquitous free-living
bacterium and is found in most moist environments,
although it seldom causes disease in healthy indi-
viduals. Clone Norl1/17 is not related with oppor-
tunistic pathogen Pseudomonas strain. So they
should be normal soil Pseudomonas stains exist in
arable soil. Clone Nor12/3 and Nor12/23 were affili-
ated with Klebsiella variicola strain C109 with 99%
sequence identity which usually found in the roots of
plants such as wheat, rice, and corn, where they act
as nitrogen-fixing bacteria. Clone Nor12/20 was af-
filiated with Citrobacter sp. CST-5.1 which usually
found almost everywhere in soil, water, wastewater
and human intestine.

3.3 Bacteria community diversity of arsenic and
sulphate polluted soil sample

For phylogenetic analysis of Sul-1 soil bacteria
community, 19 unique clones from total 44 clones
were selected for sequencing. The 19 unique clone
sequences were classified into 2 bacterial phylum in-
cluding Firmicutes (29.5%, 13/44), and Proteobacteria
(70.5%, 31/44) (Table 3). In phylum Proteobacteria,
the major clones also belong to Betaproteobacteria

(64.5%, 20/31) and Gammaproteobacteria (29%, 9/31).

But there is dramatic different bacteria community
structure of Sul-1 soil compared with bacteria com-
munity of Nor-1 soil. In Betaproteobacteria, the ma-
jority of clones were affiliated with uncultured bacte-
ria with sequence identity of between 97 and 99%.
While clone Sul1/2, Sul1/7 and Sul1/12 were affiliated
with Methyloversatilis universalis strain 500 with 98%
sequence identity. Those clones represented the most
abundant composition of Sul-1 soil bacteria commu-

nity. Interestingly, Clone Sull/3 was affiliated with
uncultured bacterium clone EJ10-Ash91-53 with 99%
sequence identity, and also was affiliated with Thioba-
cillus plumbophilus strain DSM 6690 with 97% se-
guence identity. Because of high concentration of sul-
phate in Sul-1 soil sample, clone Sull/3 may represent
major reducing sulphate bacteria which have impor-
tant role in Sul-1 soil. In Gammaproteobacteria, three
genus were identified including Acinetobacter, Areni-
monas, and Enterobacter. Clone Sull1/15, Sull2/7
and Sul12/11 were affiliated with genus Acinetobacter
which are important soil organisms where they con-
tribute to the mineralization of, for example, aromatic
compounds. And some Acinetobacter have ability of
degradation of arsenic contaminants. Clone Sull/1 was
affiliated with Arenimonas malthae strain CC-JY-1
with low identity of 92% may represent a new Areni-
monas genus strains. Clone Sull1/5 was affiliated with
Enterobacter aerogenes strain C1111 which is gener-
ally found in the human gastrointestinal tract and does
not generally cause disease in healthy individuals. It
has been found to live in various wastes, hygenic
chemicals, and soil.

3.4 Comparatively phylogenetic relationship be-
tween Nor-1 soil and Sul-1 soil bacteria
community

To investigate the phylogenetic relationship be-
tween Nor-1 soil bacteria community and Sul-1 soil
bacteria community, we constructed a comprehensive
phylogenetic tree using the available related 16S
rRNA gene sequences (Fig. 1). Clone sequences of
Nor-1 soil 16S rRNA gene liabary were classified into
5 bacterial phyla including Firmicutes, Nitrospira, Ac-
tinobacteria, Acidobacteria and Proteobacteria, while
Clone sequences of Sul-1 soil 16S rRNA gene liabary
were only classified into 2 bacterial phylum including
Firmicutes and Proteobacteria. This result suggested
that the high concentration of arsenic and sulphate
influenced the bacterial populations of Sul-1 soil

http://journals.im.ac.cn/wswxtbcn
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Table 3 Taxonomic affiliation of 16S rRNA gene sequences from an arsenic and sulphate polluted soil (Sul-1)
according to their ARDRA patterns

% 3 1R¥E ARDRA #7525 R HiER 21 55 T 1EHE A (Sul-1)F 16S rRNA EE FHIM D LM E

Clone Phylogenetic assignment Closest relative strain/clone and GenBank accession number Identity Number
SiRET ARG FR P Ss SEN 1IN I8N R HRALUE (%) e
Sul11/9 Firmicutes Lysinibacillus sp. 210_61 (GQ199763) 100 3
Sull2/1 Uncultured bacterium clone G35_D8_L_B_E12 (EF559159) 96 2
Sull2/8 Clostridium butyricum strain IDCC 5101 ( EF533982) 94 1
Sul12/6 Clostridium sp. BG-C131 (FJ384387) 99 4
Sul12/9 Clostridium sp. BG-C131 (FJ384387) 99 3
Sul1/4 Alphaproteobacteria Sphingomonas sp. PW-1 (AB255386) 100 2
Sul1/10 Betaproteobacteria Uncultured bacterium clone BSS150 (HQ397479) 99 3
Sul1/13 Uncultured bacterium clone BSS150 (HQ397479) 99 &
Sul1/11 Uncultured bacterium clone PP4-54 (EU148976) 99 1
Sul1/2 Methyloversatilis universalis strain 500 (DQ923115) 98 6
Sul1/7 Methyloversatilis universalis strain 500 (DQ923115) 98 1
Sul1/12 Methyloversatilis universalis strain 500 (DQ923115) 98 2
Sull/14 Uncultured bacterium clone DF5IPCant18c04 (GQ921433) 97 1
Sull/3 Uncultured bacterium clone EJ10-Ash91-53 ( HQ900305) 99 3
Sul11/15 Gammaproteobacteria Acinetobacter calcoaceticus strain GWRVA20 ( EU921458) 99 3
Sul12/7 Acinetobacter sp. C-4 (HQ896038) 99 1
Sul12/11 Acinetobacter sp. SeaH-As2w (FJ607348) 99 2
Sull/1 Arenimonas malthae strain CC-JY-1 ( DQ239766) 92 1
Sul11/5 Enterobacter aerogenes strain C1111 (AB244467) 100 2

leading to construction of obviously specific bacteria
community. The majority of sequences identified as
belong to Beta and Gammaproteobacteria from Sul-1
soil 16S rRNA gene library also have different phy-
logenetic relationship with those from Nor-1 soil 16S
rRNA gene library. The majority of clone sequences
from Sul-1 soil 16S rRNA gene library which belong
to Betaproteobacteria were clustered into one
phylogenetic clade, while the majority of clone se-
quences from Nor-1 soil 16S rRNA gene library
were clustered into another phylogenetic clade. In
bacteria phylum Firmicutes which were distributed
to a large number of phylotypes in both Nor-1 and
Sul-1 soil 16S rRNA gene library show more com-
plicate phylogenetic relationship. In our study, Aci-
dobacteria, Actinobacteria, Nitrospira, Alphapro-
teobacteria and Deltaproteobacteria could be con-
sidered as rare phyla of Nor-1 soil bacteria commu-

http://journals.im.ac.cn/wswxtbcn

nity with only one to four sequences. And those
phyla except Alphaproteobacteria even cannot be
detected in Sul-1 soil 16S rRNA gene library.

4 Discussion

The long time arsenic and sulphate contaminant
into the studied soil has induced a shift of the commu-
nity structure in response to perturbation. The phylum
of Proteobacteria is the most abundant bacteria in soil
libraries®®!. The Proteobacteria encompass enormous
morphological, physiological and metabolic diversity,
and are of great importance to global carbon, nitrogen
and sulfur cycles. In Both Nor-1 and Sul-1 soils bacte-
ria community, our results are in agreement with most
studies showing the importance of the Proteobacteria,
especially the Beta and Gamma division. Analyses of
the total community 16S rRNA gene sequences of
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Uncultured bacterium clone Sull/2 (JF747184)
Uncultured bacterium clone Sull/11 (JF747189)
70 I Uncultured bacterium clone Sull/7 (JE747187)
99 | Uncultured bacterium clone Sull/12 (JF747190)
90 Uncultured bacterium clone PP4-54 (EU148976)
Methyloversatilis universalis strain 500 (DQ923115)
66 —99E Unéultured bacterium clone Sull/14 (JF747192)
Uncultured bacterium clone DFSIPCant18c04 (GQ921433)
99 — Uncultured bacterium clone Norl/16 (JF747162)
Uncultured bacterium clone WW1_b49 (GQ264246)
499[ Uncultured bacterium clone Norl1/5 (JF747173)
Achromobacter xylosoxidans strain M66 (HQ676601)
_99[ Uncultured bacterium clone Norl/19 (JE747164)
Uncultured bacterium clone LrhB76 (AM159380)
99, Uncultured bacterium clone Norl/18 ( JE747163)
Acidovorax sp. 4_C16_23 (EF540489)
99 Uncultured bacterium clone Norl11/10 (JF747174)
69

Uncultured bacterium clone Nor11/12 (JE747160)
Comamonas testosteroni strain F4 (FJ967838)

99

93

99 1 Uncultured bacterium clone Sull/3 (JF747185)

4995 Uncultured bacterium clone EJ10-Ash91-53 (HQ900305)
Thiobacillus plumbophilus DSM 6690 (AJ316618)

99 — Uncultured bacterium clone Norl/15 (JF747161)
Uncultured bacterium clone SAVO7F01 (EU542355)
Aminomonas aminovorus C2A1 (AY027801)

Uncultured bacterium clone Sull/13 (JF747191)

Uncultured bacterium clone Sull/10 (JF747188)

Uncultured bacterium clone BSS150 (HQ397479)
Uncultured bacterium clone Norl/1 (JE747165)

99 'Naxibacter haematophilus strain Agl5 (EU554441)

84

{ Uncultured bacterium clone Sull/1 (JF747183)
99 Arenimonas malthae strain CC-JY-1 (DQ239766)

Uncultured bacterium clone Sull1/15 (JF747195)
99| Acinetobacter sp. C-4 (HQ896038)
99 Acinetobacter calcoaceticus strain GWRVA20 (EU921458)
Uncultured bacterium clone Sull12/7 (JF747198)
Uncultured bacterium clone Sul12/11 (JE747201)

99 r Uncultured bacterium clone Norl1/17 (JF747176)

Pseudomonas sp. BCBo5 (EU140959)

Uncultured bacterium clone Nor12/23 (JF747182)

83 [ Klebsiella variicola strain C109 (HQ407284)

99|~ Uncultured bacterium clone Nor12/3 (JF747178)
Uncultured bacterium clone Sull1/5 (JF747193)
Enterobacter aerogenes strain C1111 (AB244467)
Uncultured bacterium clone Nor12/20 (JF747181)
Citrobacter sp. CST-5.1 (HQ123576)

74
97

96 99 Uncultured bacterium clone Norl/13 (JF747172)
— 99 L~ Amaricoccus veronensis strain Ben102 (NR_029203)
Uncultured bacterium clone Sull/4 (JE747186)

99! Sphingomonas sp. PW-1 (AB255386)
99 — Nitrospira sp. (AF035813)

L Uncultured bacterium clone Nor1/9 (JF747170)

99 — Uncultured bacterium clone BaMNPK2RC24 (FR751122)
A —99|:|: Uncultured bacterium clone Norl/11 (JF747171)
Chondromyces lanuginosus strain KYC2904 (FJ176774)

99 - Uncultured bacterium clone 2h-29 (FJ444657)

K

! Uncultured bacterium clone Norl/6 (JF747169)
99 — Uncultured Acidobacteria bacterium clone 01 (AB252947)

— Uncultured bacterium clone Nor1/4 (JF747167)
99 1 Uncultured bacterium clone Norl/5 (JF747168)

L Micrococcus lylae strain d10 (AJ298940)
99 —— Uncultured bacterium clone Norl/2 (JE747166)

L Uncultured Acidobacterium sp. clone 64 (EU223942)
99, Uncultured bacterium clone Nor11/11 (JE747175)

' Oscillospiraceae bacterium NML 061048 (EU149939)
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67

99, Uncultured bacterium clone Sull1/9 gJF747194)

'Lysinibacillus sp. 210_61 (GQ199763)

9, Uncultured bacterium clone Nor12/4 (JF747179)

Desulfotomaculum guttoideum strain DSM 4024 (NR_026409)
99 - Uncultured bacterium clone Sull2/1 (JF747196)

0.02

L Uncultured bacterium clone G35_D8_L_B_EI12 (EF559159)

499|r Uncultured bacterium clone Nor12/13 (JF747180)
Clostridium metallolevans strain ASI1 (DQ133569)
i|: Uncultured bacterium clone Sul12/8 (JF747199)
C

lostridium butyricum strain IDCC 5101 (EF533982)

9 Uncultured bacterium clone Nor12/2 (JE747177)
99 Clostridium crotonatovorans strain R6B (AY742899)
98 99 Uncultured bacterium clone Sul12/6 (JE747197)

Uncultured bacterium clone Sul12/9 (JE747200)
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Fig. 1 A phylogenetic tree constructed from the 16S rRNA gene clone sequences from Nor-1 and Sul-1 soil samples
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Note: Numbers in parentheses represent the sequences accession number in GenBank. The number at each branch points is the percentage supported
by bootstrap. Bar means 2% sequence divergence. The bold represents the 16S rRNA gene clone sequence from Nor-1 and Sul-1 soil sample. BETA,
GAMMA, ALPHA, DELTA, ACIDO, ACTINO and FIRM mean Betaproteobacteria, Gammaproteobacteria, Alphaproteobacteria, Deltaproteobacte-
ria, Acidobacteria, Actinobacteria and Firmicutes phylogenetic clade respectively.
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Nor-1 and Sul-1 soil suggest that the site harbors a
wide range of microorganisms that has yet to be iso-
lated. It was also showed that the major population
present in the Nor-1 soil belongs to phylum Proteo-
bacteria particularly the Betaproteobacteria, consider-
ing the diversity of potential habitats and the great
genetic diversity of microbes, the majority of the mi-
crobes from arsenic and sulphate polluted soil is still
unknown and could be a potential source of novel
bacteria strains which have ability of suffering high
sulfuric acid and detoxifying arsenic. This study was
the first attempt to analyze the microbial community
of the arsenic and sulphate polluted soil site by using
environmental DNA. An improved understanding of
the microbial diversity in the environment of arsenic
and sulphate polluted soil is needed if the ultimate
goal is to discover novel bacteria strains for industrial
and biotechnological applications of arsenic remedia-
tion. Future work should focus on detecting the pres-
ence of bacteria tolerance high concentration of arse-
nic and sulphate contaminants. Interestingly, a lot of
Acinetobacter related sequences have been detected in
Sul-1 soil bacteria community including clone
Sul11/15, Sul12/7 and Sull12/11. Because Acinetobac-
ter strains are often ubiquitous, exhibit metabolic ver-
satility, those related strains may be good targets for
exploiting novel arsenic detoxification bacteria.
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