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Abstract

The present work describes a research approach to 
the aerobic bioleaching of U (IV) ores. Three strains 
(Acidithiobacillus sp.) isolated from sulfur springs in 
Ramsar province, Iran and nucleotide sequences 
of gene fragments of examined Acidithiobacillus 
sp. strains were recorded in NCBI .Then, uranium 
bioleaching experiment carried out with native 
bacteria in different pulp densities. In following, 
the performance of the isolates was improved 
progressively by optimizing the pH and initial iron 
concentrations. The results showed that total uranium 
extraction was achieved with 100% efficiency using 
native isolated Acidithiobacillus sp. strain FJ2 in 2.5, 
5, 7.5 and 10% pulp densities of the ore. Whereas, the 
isolates could leach the U (VI) with 68% efficiency at 
12.5% ore pulp density. In addition, Acidithiobacillus 
sp. strain FJ1 leaded to 100% uranium extraction at 
2.5% pulp density and 59%at 5% pulp density of the 
ore. As well, determined optimized values showed 
that initial ferrous iron concentration at 2.5 g/L and 
initial pH at 2, gives maximum uranium extraction 
yields. This is very promising results since, the native 
isolated strains especially Acidithiobacillus sp. strain 
FJ2 can be used as a capable bacteria in uranium 
extraction process.

Keywords: Acidithiobacillus sp.; Isolation; 
Characterization; Bioleaching; Uranium.

1. Introduction

Bioleaching, known as biooxidation or biomining, is 
the use of microorganisms to extract metals from 
the ores. This process uses a natural ability of 
microorganisms to transform metals present in the 
ore in a solid form to a dissolved form [1]. This process 
is cheaper and easier to conduct in comparison to 

conventional techniques. Bioleaching of low grade 
ores is becoming a common alternative since it is 
an economically viable phenomenon. Moreover, the 
microorganisms used in these processes are able to 
grow in highly acidic environments (pH values 1.5 and 
3) with high heavy metal ion contents [2]. In addition, 
the flexibility of microorganisms without problems 
adapted to different extreme living conditions is a 
promising advantage [1]. 

Uranium is an important natural resource used for 
the generation of nuclear energy, as the raw material 
[3]. The major minerals of uranium are uraninite, 
carnotite, pitchblende, coffinite, tobernite, autunite, 
and tyuyamunite. Extraction of uranium from low 
grade ore requires large amounts of energy that it 
is not economical to extract uranium by chemical 
leaching as the very low content of uranium in 
weight [4]. So, using of an economic way such as 
bioleaching for recovery of uranium is very important 
in industry. Bioleaching of uranium minerals is 
accomplished by oxidation of the insoluble U4+ form 
to the acid soluble U6+ form in an acid environment. 
The indirect mechanism by using ferric ions as 
an oxidant is proposed for the uranium bioleach 
process [5]. Meanwhile, some heavy metals such as 
nickel, aluminum, copper, and zinc extracted in the 
bioleaching process. Even, those metals can exert 
a toxic effect if they exceed a certain concentration 
which again depends on the organism. The toxicity of 
a metal primarily depends on its interaction with the 
organism or reactions with biomolecules. Thus, the 
chemical and physical properties of the metal as well 
as its concentration can help to predict its toxicity [6].

The microorganisms used for bioleaching are 
acidophil, such as Acidithiobacillus ferrooxidans and 
Acidithiobacillus thiooxidans that gain energy by 

Review Article

mailto:ffatemi@aeoi.org.ir


Electronic Journal of Biology, 2015, Vol.11(4): 138-146

ISSN 1860-3122 - 139 -

oxidization of ferrous iron, sulfur and reduced inorganic 
sulfur compounds [7]. On the basis of the results 
of 16S rRNA sequence analysis, Acidithiobacillus 
ferrooxidans and Acidithiobacillus thiooxidans were 
combined into a genus, Acidithiobacillus, within the 
γ-subclass of the Proteobacteria. Various strains 
of this species have been isolated from natural 
resources (rocks, ores and mine waters) [8]. It 
should be noted that biotechnology is an area that 
has produced a considerable increase in recent 
years, mainly because occurrence of microbiological 
techniques and molecular biology, which help to 
isolate and identify the new native species that 
are related to more efficient dissolution of minerals 
[9]. So, in this study, we describe the isolation and 
identification of native Acidithiobacillus sp. from Iran 
capable of bioleaching in valuable efficiency. In this 
way, the effectiveness of the isolated bacteria in 
uranium extraction was considered at different ore 
pulp densities (2.5, 5, 7.5, 10 and 12.5%). Also, the 
performance of the isolates by optimizing the pH and 
initial iron concentrations were evaluated.

2. Materials and Method

2.1 Sampling sites

The water samples collected from 3 different sulfur 
springs of Ramsar, Iran (Kash, Khak-e-sefid and 
Bonyad). The samples were collected from the boiling 
site of the springs and carried out with sterilized 
falcons which one-third of space was left blank. 
Then, the samples were stored in ice box brought to 
the laboratory.

2.2 Isolation and identification of bacteria

Isolation of native Acidithiobacillus was carried 
out using 9k and Starkey medium [10]. 9k medium 
contained (gL−1) (NH4)2SO4 3.0, KCl 0.1, K2HPO4 0.5, 
MgSO4.7H2O 0.5, Ca(NO3)2 0.01, FeSO4.7H2O 44.3. 
The Starkey medium contained (gL−1) (NH4)2SO4 1.0, 
CaCl2.2H2O 0.14, KH2PO4 3.0, Mgcl2·6H2O 0.1 and 10 
g Sulfur. The pH of the medium was adjusted to 2.0 
and 4.0 using 10 N H2SO4 and NaOH, respectively 
[11,12]. The media were sterilized by an autoclave. 
Enrichment of microorganisms was carried out with 
100 mL liquid medium in 250 mL Erlenmeyer flasks 
at 30oC on a shaker incubator at 180 rpm. In order to 
do the purification, solid 9k and Starkey medium with 
1.5% agar were used. The plates were incubated 
for about 1 week at 30oC. By repeating the above 
plating method, isolated bacteria were obtained. The 
isolates were identified by phenotypic and genotypic 
characteristics, which are described below:

2.3 Phenotypic characteristics

The bacteria were identified by morphological 
examinations, biochemical and physiological 
characterizations. The parameters included colony 
characteristics, shape, color, motility, Gram’s 
reaction, oxidase, catalase, urease, H2S and Indole 
productions, citrate utilization, Methyl-Red test (M-
R), Voges-Proskauer (V-P) reaction, carbohydrate 
metabolism (acid-gas production), starch hydrolysis, 
growth at different pH and temperature, growth in 
aerobic and anaerobic condition, growth curve and 
variation of pH and Eh, conducted in accordance 
with described in Bergey’s Manual of Determinative 
Bacteria [13].

2.4 Genotypic characteristics

Genomic DNA was extracted with DNA extraction 
kit (Cinnaclone, Iran). In following, 16S rRNA 
were amplified using universal primers (27 F 
(5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492 
R (5′-GGTTACCTTGTTACGACTT-3′)) [14]. PCR 
amplifications were carried out using HotStar 
HiFidelity PCR (Qiagen, Germany). The PCR program 
consisted of one cycle of DNA denaturation for 5 min 
at 95oC and then 35 cycles were performed using the 
following parameters: 1 min at 94oC to denature, 1 
min at 51.3oC to anneal and 1 min at 72oC to extend, 
followed by a final extension of 15 min at 72oC. PCR 
products were analyzed by electrophoresis in 1.5% 
agarose gel and bands were observed by illuminating 
Safe stain stained gels on a UV transilluminator. 
After that, 16S rRNA fragments were extracted from 
agarose gel using gel purification kit (Bioneer, Korea) 
and PCR products sequenced. Finally, Sequence 
alignment was performed on the National Center for 
Biotechnology Information (NCBI) website (http://
www.ncbi.nlm.nih.gov/BLAST/) and the phylogenetic 
trees were constructed.

2.5 Mineral characterizations

The sample of low grade uranium ore collected from 
Saghand mining area of Yazd province in Iran. The 
composition analysis of the ore was carried out by 
XRF as shown in Table 1. According to the XRF 
analysis of the ore, main minerals in the ore sample 
are pyrite, quartz and also uraninite as the main 
uranium-bearing mineral in the ore. 

2.6 Uranium bioleaching analysis

Uranium leaching experiments were carried out 
with the above isolated and characterized bacteria 

MgO Al2O3 SiO2 P2O5 S Cl K2O CaO TiO2 V2O5 Cr2O3 Fe2O3 UO2
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%

0.26 Wt 
%
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Wt %
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Table 1. Chemical compositions of the ore sample.
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done in 250 mL Erlenmeyer flasks containing 100mL 
of 9K medium plus different pulp densities (2.5, 5, 
7.5, 10, 12.5% w/v) of ore powder (d80=170 µm). 
10 N H2SO4 was used to adjust the pH value of 
the leaching solutions. The same numbers of cells 
were used as inoculums (10%) and the experiments 
carried out at 30°C fewer than 150 rpm of shaking 
incubator. 3 mL of samples were removed every 
day for determining the concentrations of soluble 
uranium and ferrous iron by an atomic absorption 
spectrophotometer described by Golmohammadi 
[15]. When uranium extraction rate reached to 100%, 
10 mL of the supernatant was removed and added 
to a 250 mL Erlenmeyer flask containing 90 ml 9k 
medium with higher pulp density as inoculums. The 
lost water in the medium was supplemented with 9K 
medium after each sampling.

2.7 Leach liquor compositions

The leach liquor compositions are one of the main 
factors in uranium extraction. Leach liquor sampling 
was conducted, when yields of up to 100% uranium 
extraction were obtained in different pulp densities. 
Analyses of the leach liquors composition were 
carried out by inductively coupled plasma-mass 
spectrometry (ICP-MS) technique (Perkin Elmer). 

2.8 Optimization of bioleaching process

To achieve the maximum uranium extraction by native 
efficient bacterium, the composition of medium and 
growth conditions were optimized by varying two key 
parameters. The influence of different pH (1.5, 2 and 
2.5) at 12.5% pulp density was considered into 9K 
medium in a rotary shaker at 150 rpm and 30oC. In 
addition, the effect of initial concentrations of Fe2+ (2, 
2.5 and 3 gL−1) was studied at optimum determined 
pH. In following, uranium extraction yields were 
monitored in leach liquors.

2.9 Statistical analysis

Data are presented as means  Standard Error 
of Mean (SEM) of three samples (triplicate). The 
results were subjected to one-way ANOVA followed 
by Tukey’s HSD using SPSS (version 22) software. 
Significant levels were defined as P<0.05.

3. Results

3.1 Isolation and identification of the bacteria

In total, six bacteria isolated from different samples 
of the 9k and Starkey mediums. Between them, 
3 isolated bacteria were selected based on the 
best enhanced raise of Eh. These bacteria were 
considered as efficient sulfur and iron oxidizing 
bacteria coded as FJ1-3 (FJ1 strain isolated from 
Kash spring, FJ2 isolated from Khak-e-Sefid spring 
and FJ3 isolated from Bonyad spring). FJ2 and FJ3 

bacteria grew in 9k liquid medium and FJ1 bacterium 
grew in Starkey liquid medium within 10-12 days. 
The isolated bacteria spread on 9k and Starkey 
solid medium. Single colonies appeared on the solid 
medium after 7 days incubation at 30oC.

3.2 Phenotypic characteristics 

The isolates bacteria subjected to different 
morphological and biochemical characterization as 
described in Table 2. FJ2 and FJ3strains colonies 
on 9k solid medium were round, convex, smooth 
and brick color. FJ1strain colonies on Starkey solid 
medium were round, convex, smooth and green 
in color. Microscopic observations of the isolated 
bacteria revealed that all of them are rod shaped and 
motile. The isolates were Gram negative, acidophil, 
mesophil and aerobic. 

Table 2. Primary identification of isolates.

Characters FJ2 FJ3 FJ1
Shape Rod Rod Rod
Motile + + +
Aerobic growth + + +
Gram stain - - -
Catalase - - -
Oxidase + + +
MR + + -
VP - - +
Citrate utilization + - -
H2S production + + +
Urease - - -
Starch hydrolysis + + -

The variations of pH, Eh and growth curve were 
exhibited in Figures 1A-1C. As it is clear from Figure 
1A, amount of pH in 9k medium containing FJ2 
and FJ3 strains, increased during the first 24hr of 
incubation from 2 to 2.4. Afterward, the amount of 
pH decrease to 1.6 within 15 days. Starkey medium 
including FJ1 strain didn't have any increase in 
amount of pH. The initial pH in incubated flask was 2, 
which was dropped to 0.5 in 15 days. 
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Figure 1A. pH variations of FJ1, FJ2 and FJ3 strains in 
liquid medium.
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Figure 1B. Eh variations of FJ1, FJ2 and FJ3 strains in 
liquid medium.
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Figure 1C. Growth curves of FJ1, FJ2 and FJ3 strains in 
liquid medium.

As shown in Figure 1B, Eh value increase was 
observed in all of the isolated bacteria, triggered by 
the oxidation of ferrous iron and sulfur. Eh value of 9k 
medium containing FJ2 strain, begins to rise quickly 
from 320 mV to 665 mV during 4 days and then rise 
slowly to 698 mV. While, the Eh value increased from 
318 mV to 650 mV (P<0.05) in FJ3 strain. Also, the 
Eh value of Starkey medium including FJ1 strain 
increased from 321 mV to 468 mV. 

The growth curves for FJ1-3 strains were shown in 
Figure 1C. The results showed that all three bacteria 
didn't show any lag phase within 24 hr, whereas after 
4 days of incubation, the stationary phase of FJ2 and 
FJ3 strains were started. Although, after 5 days of FJ1 
strain incubated in Starkey medium, the stationary 
phase was obtained indicating the difference in days 
of beginning stationary phase. Finally, based on 
morphological and biochemical tests, the isolated 
bacteria were identified as Acidithiobacillus sp. 

3.3 Genotypic characteristics 

The three isolated were further identified by partial 
nucleotide sequence of 16S rRNA. Amplification 
conditions were optimized using genomic DNA from 

pure cultures of FJ1-3 as templates. Electrophoresis 
analysis of the PCR products of FJ1-3 showed 
specific amplification of a single fragment band 

1465bp of 16S rRNA (Figure 2). The determined 
partial nucleotides sequences of 16S rRNA were 
used to find most likeness with the bacterial 
strains in the GenBank database. A comparative 
phylogenetic analysis of the 16S rRNA genes of the 
isolated bacteria were performed with some strains 
of Acidithiobacillus sp. and theirs phylogenetic tree 
were shown in Figure 3. It revealed that the FJ1 strain 
most closely related to Acidithiobacillus sp. SM-2 with 
99% similarity, FJ2 strain was most closely related to 
Acidithiobacillus ferrooxidans ATCC 23270 with 99% 
similarity and the FJ3 strain most closely related to 
Acidithiobacillus ferrooxidans ATCC 53993 with 99% 
similarity. Nucleotide sequences of gene fragments of 
examined Acidithiobacillus sp. strains were recorded 
in NCBI database (accession numbers of deposits 
KP763724, KP779620 and KP779621).

3.4 Uranium bioleaching experiments

The results related to bioleaching experiments 
(uranium extraction yields, days of extraction and Eh) 
were indicated in Table 3. Bio-dissolution of uranium 
was investigated in different pulp densities (2.5-
12.5% (w/v)) at pH 2, 35°C with 10% (v/v) inoculums 
while shaking at 150 rpm. From the results shown 
in Table 3, it was clear that 100% bio-recovery of 
uranium were obtained after 2 days incubation at 
2.5% (w/v) of pulp density, using FJ2 and FJ3 strains. 
In addition, at pulp densities of 5, 7.5 and 10% (w/v), 
the 100% of uranium dissolution observed after 5, 
10, 17 days incubation. While, uranium yields was 
68% and 60% (P<0.05) at 12.5% pulp density within 
20 days, respectively. As shown in Table 3, using FJ1 
strain, 100% of uranium extraction was observed 
after 4 days incubation at pulp density of 2.5% (w/v). 
The amount of uranium extraction at a pulp density 
of 5% (w/v) was found to be only 59% within 10 days. 
The results showed that, the rate of bio-recovery of 
uranium decreased with increasing pulp density.

Figure 2. Agarose gel electrophoresis of PCR products. 
The 16S rRNA fragments were amplified using the primer 
pair 27F, 1492R.
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In every experiment, the variations of Eh value 
under different pulp densities indicate that Eh 
value is generally increasing, which was triggered 
by oxidation potential, either by a chemical or 
microbiologically mediated mechanisms. In addition, 
the results indicated that, oxidation potential varied 
for bioleaching pulp densities had an influence on 
bacterial growth as well as metal dissolution rate 
(Table 3).

3.5 Analyses of the leach liquor compositions

Figure 4A-4C presents the leach liquor compositions 
taken from medium containing different pulp 
densities. The leach liquors were contained valuable 
metals such as Al, Co, Cr, Cu, Ni, Zn, Mo and Pb. 

From results, it is evident that there is high proportion 
of Al and Ni compared to other analyzed metals. 
Co is the next element followed by Zn, Cr and Cu 
in that order. As shown in Figure 4A-4C, the metal 
leaching concentration increased with increasing 
pulp densities. The leaching concentration of Al and 
Ni were 993 µg/L and 648 µg/L at 2.5% (w/v) pulp 
density rising up to 23050 µg/L and 10290 µg/L at 
12.5% (w/v) of pulp density, in the presence of FJ2 
strain.

3.6 Optimization of initial ferrous iron 
concentration and pH

The results in Figure 5 showed that the maximum 
uranium extraction (67%) was achieved at pH 2, using 

Figure 3. Phylogenetic tree of A. ferrooxidans sp. strains based on 16S rRNA.

Strains Pulp densities Uranium extraction (%) Days of extraction Primary Eh (mV) Eh (In last day)(mV)
FJ2

2.5% 100 ± 3.4 2 390 ± 13 501 ± 14
5% 100 ± 3.1 5 400 ± 20 542 ± 23.5
7.5% 100 ± 4.1 10 399 ± 11.1 529 ± 18.4
10% 100 ± 3.8 17 380 ± 12.3 527 ± 12.1
12.5% 68 ± 2.6* 20 384 ± 21 525 ± 14.8

FJ3
2.5% 100 ± 4.2 2 395 ± 10 500±8
5% 100 ± 3.4 5 391 ± 7.2 545 ± 10.3
7.5% 100 ± 3.7 10 385 ± 14.3 531 ± 19.1
10% 100 ± 2.4 17 394 ± 15.4 530 ± 15.5
12.5% 60 ± 3* 20 389 ± 22 526 ± 19.8

FJ1
2.5% 100 ± 2.6 4 352 ± 15.2 428 ± 23.5
5% 59 ± 3.3 10 347± 17.8 418 ± 18.6

Table 3. Bio-recovery of uranium using FJ1, FJ2 and FJ3 strains isolated from sulfur springs.

Data are mean ± SEM of three analyses. 
* P<0.05 is considered significantly different in uranium extraction yields.
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most efficient native bacterium (Acidithiobacillus sp. 
strain FJ2). Acidity beyond 2 has an adverse effect on 
the leaching efficiency of the isolate indicating lower 
uranium yields (41%). It is also found that decrease 
the pH to 1.5 will decline the efficiency of bacterium 
in support of the uranium extraction yields to 45% 
(Figure 5). 

In addition, the effect of a various iron concentrations 
on the activity of native bacteria has been reported 
in Figure 6. It has been observed that there is the 
highest uranium extraction yield (75%) at 2.5 g/L Fe2+ 
concentration. Whereas, lower uranium extraction 
(67 and 60%) was observed at 2 and 3 g/L of Fe2+, 
respectively.

4. Discussion

In the present study, we isolated and characterized 
native Acidithiobacillus sp. strains from sulfur 
springs Ramsar, Iran. In following, we evaluated 
the effectiveness of the native isolated bacteria 
in bioleaching optimized with different initial 
concentrations of ferrous iron and pH.

Our phenotypic characteristics of the isolated native 
bacteria indicated motive, Gram negative and rod 
shape bacteria (Table 2) similar with other researches 
[16,17]. In addition, isolated strains are member of 
genus Acidithiobacillus. It should be noted that since 
their natural habitats are ecologically extremely 
diverse, different Acidithiobacillus strains of the same 
species developing in various ecological niches, are 
characterized by differences in growth rate, tolerance 
to heavy metal ions and activities of ferrous iron and/
or sulfide mineral oxidation [18,19]. Jonhson et al in 
2002 suggested that the bacteria in the same group 
are different strains of a single species rather than 
different species [20]. So, the signature sites in 16S 
rRNA sequences can be used as a molecular marker 
to distinguish the subspecies [21]. Our genotypicale 
consideration indicated that the isolated bacteria in the 
same group have 99% similarity with Acidithiobacillus 
sp. SM-2, Acidithiobacillus ferrooxidans ATCC 23270 
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Figure 4A. Leach liquor compositions. The samples 
taken from medium containing FJ2 strain at different pulp 
densities.
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Figure 4B. Leach liquor compositions. The samples 
taken from medium containing FJ3 strain at different pulp 
densities.
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Figure 5. Uranium extraction potential by Acidithiobacillus 
sp. strain FJ2 under different conditions of pH (1.5, 2 and 
2.5).
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Figure 6. Uranium extraction potential by Acidithiobacillus 
sp. strain FJ2 in the presence of different initial ferrous 
iron concentrations (2, 2.5 and 3 g/L).
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and Acidithiobacillus ferrooxidans ATCC 53993. 

As shown in other studies [22,23], during the incubation 
periods of bacteria, increase in Eh and decrease in 
pH values were observed in mediums (Figure 1A and 
1B). Eh rising during the incubation period (Figure 
1B) were triggered by the oxidation of ferrous iron/or 
sulfur and a chemical or microbiologically mediated 
mechanism [22]. As well, in 9k mediums, an initial 
increase in pH, attributed to the chemical dissolution 
of the concentrate observed between 1 and 2 days 
following medium pH which was declining after 2 
days incubation. Several reasons may be accounted 
for this: generation of ferric ions from ferrous ions by 
bacteria, hydrolysis of ferric ions (reaction 1), sulfuric 
acid production, a precipitation of jarosites (reaction 
2) and the chelating action of EPS which contains 
–OH and –COOH to release H+ into the solution 
(reaction 3) [23-25]:

Fe3+ + H2O → Fe (OH)3 + H+                    (1)

3Fe3+ + X+ + 2HSO4- + 6H2O →      
XFe3(SO4)2(OH)6 + 8H+                            (2)

Where X= K+, Na+, NH4+ and H3O+

Fe3+ + 3EPS − H →Fe (EPS)3+ 3H+             (3)

Recent studies reported that the bacteria of the 
genus Acidithiobacillus have been widely studied 
for bioleaching, biodegradation and desulfurization 
of heavy metals [9,26-28]. So, in this study, the bio-
extraction ability of these bacteria was considered at 
different pulp densities (2.5 to 12.5% (w/v)) of low 
grade uranium ore sample. The results showed that, 
all of the isolated bacteria are capable of uranium 
extraction. Whereas, the bioleaching yields was 
diminished concomitant with increasing of pulp 
densities (Table 3). This may have occurred due to 
enhancing of inadequate diffusion of oxygen which 
may lead to the decelerated bacterial growth or 
improper growth of bacteria in higher pulp density [29]. 
Additionally, in bioleaching system, the accumulated 
metal ions became toxic for bacteria beyond certain 
concentrations [30]. Ginn et al. have proposed that 
the toxic effects of heavy metals on the growth of 
bacteria are not just a function of the heavy metal 
concentration, but they are also dependent on the 
cumulative contact time [31]. Similarity, in our study 
(Figure 4A-4C) analysis of leach liquor indicated 
that, concentration of metals in leach liquors raised 
with increasing pulp densities. As a stress with 
potentially multiple impacts on different cellular 
components, the effects of high concentrations of 
metals are complex and discerning the role of a few 
physiological parameters [32]. The pronounced strain 
phenotypic and genetic heterogeneity described in A. 

ferrooxidans is also expressed in terms of different 
levels of metal resistance [33]. These differences 
have been attributed to several cellular characteristics 
such as plasmid content, and chromosomally 
mediated resistance mechanisms. However, the 
initial selection of strains that are naturally more 
tolerant to metals like FJ2 strain considered here, or 
other native strains reported by Mykytczuk et al. and 
Das et al., could more improve the development of 
metal tolerance in A. ferrooxidans [32,34].

Furthermore, our study indicated that iron and 
sulfur oxidizing bacteria is more efficient than sulfur 
oxidizing bacteria in uranium bioleaching process 
(Table 3). Other studies confirmed this result 
indicating different effectiveness of these species in 
their ability for metals extraction [35,36]. The effective 
bioleaching of metal from ores depends upon the 
bacterial oxidation of Fe2+ and sulfur into Fe3+ and 
H2SO4, respectively [35]. 

It is clear that improvement in the tolerance of 
these bacteria to heavy metals and other inhibitory 
substances is of particular practical importance. As, 
A. ferrooxidans is a chemolithotrophic and acidophilic 
bacterium used inorganic compounds (iron or sulfur) 
as an energy source, ferrous iron concentration and 
pH has profound effect on the activity of bacteria in 
bioleaching process. As a result, in present study we 
optimized pH and initial concentration of ferrous iron 
on bioleaching process.

The results indicated that the uranium extraction rate 
was low at pH 1.5 and 2.5 whereas it peaked up at 
pH 2.0 (Figure 5). This defined that the acidity of 
the culture medium shows a negative effect on the 
oxidation of ferrous iron and consequently uranium 
extraction as biofilm formation is insignificant at 
pH 1.5 and 2.5 [36]. In addition, at pH above 2, 
the formation of jarosite hinders the iron oxidation 
to some extent. Jarosite creates a physical barrier 
between ferrous and the bacteria surface, which 
hinders the electron transfer from iron as well as 
proton diffusion from bacterial cells [37]. Moreover, 
decrease in the uranium extraction yields was 
observed when the ferrous iron concentrations were 
2 and 3 g/L. While, initial ferrous iron concentration 
of 2.5 g/L led to the maximum uranium extraction 
yields (Figure 6). Studies indicated that with the 
dissolution of minerals, the excess of extracted iron 
ions has a negative effect on the uranium dissolution 
rate. During bioleaching process, Jarosite formed 
gradually, and coated on the surface of the remaining 
unreacted ore. This jarosite precipitation restricted 
the leaching of uranium [38].

5. Conclusion

In this study, we isolated the native acidophilic iron 
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and sulfur oxidizing bacteria from sulfur springs in 
Ramsar province, Iran. According to the physiological 
features, biochemical properties and gene sequence 
analysis, the isolates falls into the Acidithiobacillus 
sp. Our results indicate that the native isolates show 
ability for uranium bioleaching process through 100% 
uranium extraction efficiency in 2.5, 5, 7.5 and 10% 
pulp densities regarding Acidithiobacillus sp. strains 
FJ2and 3. Whereas, Acidithiobacillus sp. strain FJ1 
leaded to 100% uranium extraction at 2.5% pulp 
density only. In addition, the maximum uranium 
extraction yields were found at 2.5 g/L of initial ferrous 
iron concentration and an initial pH of 2.
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