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ABSTRACT  

Aims: To isolate, identify, and characterize heterotrophic bacteria in acid-mine drainage that mediate oxidation of 

As(III). 

Methods and Results: Samples of acid-mine drainage were collected over a period of 14 months. Heterotrophic 

and non-obligatory acidophilic bacteria in the samples were cultured on a solid medium (pH 7Æ0–7Æ2), and three 

strains were isolated. The three different strains belong to the genus Thiomonas, and have more than 99% homology 

with the group Ynys1. Culturing in mineral media demonstrated that the isolated strains used thiosulphate as an 

energy source, and oxidized iron in the presence of thiosulphate. However, none of the strains were able to oxidize 

arsenic in the presence of thiosulphate, nor could they use iron or arsenic alone as an energy source. In vitro 

experiments demonstrated that two of the Thiomonas strains were able to oxidize more than 90% of the As(III) 

present in the acid-mine drainage, whereas no abiotic oxidation of arsenic occurred. 

Conclusions: Two strains of newly identified Thiomonas sp. found in acid-mine drainage are capable of oxidizing 

arsenic. 

Significance and Impact of Study: These results represent the first reported oxidation of arsenic by Thiomonas 

sp. Biologically mediated oxidation and subsequent immobilization of arsenic is of great interest for the remediation 

of contaminated mine sites. 
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INTRODUCTION  

Arsenic is relatively abundant in the earth’s crust with an 

average  concentration  of  about  3 mg kg–1,  and  is  mainly 

associated with sulphur minerals (Amran et al. 1995). 

Anthropogenic dispersion of arsenic dates back to the 

industrial revolution, resulting mostly from mining and 

metallurgy (North et al. 1997). The milling and processing 

of sulphide-rich ores often produces large quantities of 
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wastes that may contain significant amounts of arsenic-rich 

pyrite. When exposed to meteoric water, this material 

generates acidic water (acid-mine drainage; AMD) contain- 

ing high concentrations of sulphate, iron, and arsenic. 

Arsenic is a recognized carcinogen present worldwide in 

surface and ground water (Nordstrom 2002), and the World 

Health Organization has recently recommended lowering 

drinking water standards from 40–50 lg l–1 to 10–20 lg l–1 

because of human health effects related to arsenic (Smith 

et al. 1999, 2002). 

Changes in the oxidation state of arsenic have implications 

for its mobility and toxicity in aquatic systems. In surface 

waters, arsenic occurs principally as As(III) (arsenite) and 



 

 



precipitation with Fe(III) results in a rapid decrease in the 

concentration of dissolved arsenic in Reigous Creek. 

 

 

MATERIALS AND METHODS  

Sampling 

Samples were collected every 3–4 weeks from June 2001 

to August 2002 at four locations along the first 150 m of 

Reigous Creek (Fig. 1). The sample sites were Reigous 

Spring (S1); 3 m downstream of the spring (COWA); 

30 m downstream (COWG); and 150 m downstream 

(COWS). Samples for enumeration   of   viable   bacteria 

and bacterial isolation   were   collected   in   sterile   vials 

and processed for microbiological studies within 5 h of 

sampling. 

 

Culturing media and bacterial isolation 

Demineralized water (MILLIQTM, Millipore) was used for 

the preparation of all media, and pH was adjusted with 

H2SO4. The media were sterilized by autoclaving at 120°C 

for 15 min except where otherwise indicated. 

Because this study focused on identification of heterotro- 

phic and non-obligatory acidophilic bacteria, the isolation of 

the different types of heterotrophic bacteria present in 

Reigous Creek was carried out on medium R2A (Difco 

Laboratory). This medium is recommended for the culture 

of environmental organoheterotrophic bacteria, and its 

neutral  pH  (7Æ0–7Æ2)  allows  for  the  selection  of  bacteria 

not necessarily acidophilic (Reasoner and Geldreich 1985). 

Because R2A was relatively inefficient for the subcultur- 

ing of isolated bacteria, we synthesized a new liquid organic 

medium for this purpose. This medium was also used to 

conserve bacteria at room temperature and to prepare 

inocula of pure strains. It was made by dissolving 2 g of 

(NH4)2SO4, 0Æ1 g of KCl, 0Æ5 g of K2HPO4, 1 g of Na2S2O3, 

and 0Æ5 g of MgSO4Æ7H2O in 480 ml of H2O. The pH was 

then  adjusted  to  3Æ0  and  the  solution  was  autoclaved.  One 

hundred milligrams of As were added, using a solution of 

As(III) prepared from NaAsO2 and filtered through 0Æ2-lm 

pore size NucleoporeTM membranes.   After   addition of 

10 ml of a glucose solution (10%) and of yeast extract (1%), 

separately autoclaved, the volume was adjusted to 1000 ml 

with sterile water. 

To test the lithotrophic growth ability of the isolated 

strains, five mineral media were synthesized. These media 

used the same base, to which thiosulfate, Fe(II), As(III), 

Fe(II) and thiosulphate together, or As(III) and thiosulphate 

together were added. The media base was prepared by 

dissolving   2 g   of   (NH4)2SO4,   0Æ1 g   of   KCl,   0Æ5 g   of 

K2HPO4, and 0Æ5 g of MgSO4Æ7H2O in 500 ml of MILLIQ 

water. The pH was adjusted to 3 and the solution sterilized. 

The volume was completed to 1000 ml using a solution 

of   either   1 g l–1   of   sodium   thiosulphate,   2Æ2 g l–1   of 

FeSO4Æ7H2O   (plus   1 g l–1   of   sodium   thiosulphate   for 

the   Fe-thiosulphate   combination),   or   173Æ2 mg l–1   of 

NaAsO2 (plus 1 g l–1 of sodium thiosulphate for the As-
thiosulphate combination). The solutions were sterilized by 

filtration through a 0Æ2-lm pore size membrane. 

 
Bacterial enumeration and characterization 

After culturing on the R2A medium, the number of colony 

forming units (CFUs) was counted on three replicates. In 

addition, individual colony types were characterized by their 

morphology on solid R2A medium and the isolated strains 

were observed after Gram staining and by epifluorescent 

microscopy after DAPI staining. The isolates were purified 

by repeated single colony isolation. The number of total 

bacteria in the creek samples was counted after DAPI 

staining. 

 

DNA isolation and amplification of the rrs gene 

encoding 16S rRNA 

DNA was extracted and purified with the IsoQuick Nucleic 

Acid Extraction kit (ORCA Research, Bothell, WA). 

Extracted DNA was amplified using universal 16S rRNA 

primers A, corresponding to positions 8–28 of Escherichia 

coli 16S rRNA (Edwards et al. 1989), and rJ, corresponding 

to the complement of positions 1510–1492 (Janvier and 

Grimont 1995). The amplification reaction was carried out 

in a final volume  of  100 ll,  with  1 ll  DNA  template, 

20 pmol ll–1   of   each   primer,   200 lmol l–1   of   dATP, 

dTTP,  dGTP,  and  dCTP,  50 mmol l–1  MgCl2,  2Æ5  units 

of Taq polymerase, and reaction buffer ·10 (Amersham 

International, Amersham, UK). Initial denaturation was 

carried out for 4 min at 94°C. Thirty-five cycles of 

amplification were performed in a DNA Thermal Cycler 

9700 (PE Applied Biosystems, Foster City, CA). Each cycle 

consisted of three steps: denaturation at 94°C for 1 min, 

annealing at 49°C for 1 min, and extension at 72°C for 

2 min. The final extension was performed at 72°C for 

5 min. 

Amplification products were detected by electrophoresis 

on   0Æ8%  w/v  agarose  gels  in  Tris-borate  EDTA   buf- 

fer  (0Æ089 mol l–1 Tris-borate,  0Æ018 mol l–1  EDTA),  with 

a 1 kb DNA ladder (Gibco BRL, Gaithersburg, MD) as a 

molecular size marker. The amplified product was 

sequenced by Genome Express (Montreuil, France) with 

three primers, E, rE, and D, in conserved regions of E. coli 

16S rRNA. Primer E corresponded to positions 787–806, rE 

corresponded to the complement of the E primer, and D 

corresponded to positions 519–536 (numbering according to 

Brosius et al. 1978). 



 

 



 

 



 

 



Additional molecular ecological investigation is needed to 

better determine the structure of the natural bacterial 

community in Carnoulès AMD. 

The results of this study demonstrate, for the first time, 

the ability of strains of Thiomonas group Ynys1 to oxidize 

As(III) to As(V) in vitro. The bacterial strains B2 and B3 did 

not, however, oxidize As(III) when it was the only energy 

source present. Their capacity to oxidize As(III) is clearly 

dependent on the presence of one to more other chemical 

species present in Carnoulès AMD. 

In the Reigous Spring system, the precipitates are 

composed primarily of As(V) and Fe(III) with small 

amounts of As(III) and Fe(II), whereas the species in the 

aqueous phase consist entirely of As(III) and Fe(II) (Leblanc 

et al. 2002). None of the Thiomonas strains can be directly 

responsible for the formation of the As(V)–Fe(III) precipi- 

tates, as this requires Fe oxidation, and none of the three 

strains were capable of oxidizing Fe in Reigous Creek water. 

The precipitation therefore is most likely mediated by iron- 

oxidizing bacteria such as A. ferrooxidans identified at the 

site (Leblanc et al. 2002), or by L. ferrooxidans, which is 

common in AMD (Schrenk et al. 1998). We suggest, 

however, that Thiomonas strains B2 and B3 may be 

responsible in part for the oxidation of arsenic so that it 

then co-precipitates with Fe(III) as As(V). At the Carnoule`s 

mine site, it is likely that the co-existence of Thiomonas and 

A. ferrooxidans result in the precipitation of arsenic and the 

overall bioremediation of AMD. 
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