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Abstract
The aim of this study is the isolation of the native 

bacteria from uranium mine with the potency of 
uranium removal in waste via reduction. The isolates 
is described as E. faecalis FJ4, L. garvieae FJ5, L. 
garvieae FJ6 and E. faecalis FJ7 seeing that Gram-
positive, cocci and facultative anaerobic bacteria. 
The isolates in the presence of U (VI) aqueous 
solutions led to formation of a black precipitate under 
anaerobic condition. ICP analysis of the solution in 
2nd and 4th days of incubation indicated successful 
uranium removal of the solution. Moreover, analysis 
of the precipitate using UV-vis confirmed the 
reduction of U (VI) to U (IV). As a conclusion, the 
native isolates showed the ability of uranium removal 
from the contaminated wastes with uranium.

Keywords: Isolation; Characterization; Enterococcus 
faecalis; Lactococcus garvieae; Uranium reduction.

1. Introduction
The diffusion of radionuclides from radionuclide 

contaminated sites and their mobility in the 
environment is a subject of public concern [1]. 
Radioactive waste microbiology started with the 
understanding that bacteria could be present in 
disposal of waste and the effects of microbial activity 
could have deep influences on waste containment 
[2]. Bacteria can potentially affect radionuclide 
migration using various processes. Bacteria decline 
radionuclide migration by reduction, sorption, 
altering bulk pore water chemistry, producing organic 
complexing ligands and by direct accumulation onto 
or into cells [3]. Furthermore, bacteria can also cause 
corrosion and hence potentially affect the longevity of 
the metal waste containers in a repository [4].

Uranium as natural sources of radioactivity is present 
in earth's crust at concentration of 1.8 ppm [1]. As 

explained above, bacterial reduction is an effective way 
for decline radionuclide migration (including uranium). 
This process is a microbial reaction between dissolved 
uranium, U (VI), and some kinds of bacteria in which 
electrons are transported from an electron donor to U 
(VI), as final electron accepter. Moreover, bioreduction 
is mediated by catalytic intermediary of reducing 
enzymes of bacteria that results in uranium reduction to 
the non-soluble form, U (IV), [5, 6]. 

The reduction of soluble U (VI) to insoluble U (IV) 
has been suggested as a device for inhibiting the 
migration of this toxic metal with ground water [5, 7]. 
Bacterial reduction of U (VI) is a suitable method that 
was first reported in crude extracts from Micrococcus 
lactilyticus by assaying the consumption of hydrogen 
which was dependent on the existence of U (VI) [8]. 
Nowadays more than 25 species of phylogenetically 
diverse prokaryotes are identified that be involved in 
the reduction of radionuclides [9]. A number of these 
prokaryotes conserve energy from U (VI) reduction 
for their growth, and some of them reduce uranium 
without energy gain [5, 10, 11, 12, 13]. Studies 
about bioreduction by TEM analysis indicated that 
the precipitated uraninite has been located in the 
periplasm and outside of Gram-negative and Gram-
positive bacterial cells [14, 15, 16]. The research 
suggested that U (VI) complexes do not generally have 
access to intracellular enzymes [6]. Microorganisms 
are able to precipitate metals and radionuclides as 
carbonates and hydroxides by localized alkalinization 
at the cell surface [17]. On the other hand, metals 
can precipitate with enzymatically-generated ligands, 
e.g., phosphate, sulfide, oxalate, etc. [18, 19, 20]. 

The aim of this study is the isolation and 
characterization of native bacteria with novel ability of 
uranium reduction from Bandar Abbas uranium mine, 
Iran. For this purpose, after isolation process, the 
ability of isolates for uranium removal from aqueous 
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solutions was investigated and the mechanism of 
removal was studied using UV spectrums.

2. Materials and Methods

2.1 Bacteria isolation
Sampling: Four samples collected from the area 

depths of water, sledge and soil of Bandar Abbas 
uranium mine, Iran. The samples were stored 
anaerobically at 4°C before it was shipped to the 
laboratory.

Strain purifications: Anaerobic techniques [21] 
were used for the enrichment and isolation of the 
strains. The vials were purged with oxygen free gas 
for making anaerobic atmospheres. The vials were 
containing 9 ml of egg yolk medium and 0.5 g of 
the samples. Modified egg yolk medium contained 
proteose peptone (40 g/liter), sodium chloride (2.0 
g/liter), Na2HPO4 (5.0 g/liter), KH2PO4 (5.0 g/liter), 
MgSO4 (0.1 g/liter), glucose (2.0 g/liter), egg yolk 
suspension (100 mL) and demineralized water (1000 
mL). All cultures were incubated at 30°C. After 10 
days, the cultures were serially diluted with the same 
anaerobic medium. The culture in the last positive 
dilution was purified by repeated plating onto the 
anaerobic agar plates with egg yolk agar medium.

2.2 Bioreduction experiment
Isolate cultivations: The isolates cultivated in 

Tryptic Soy Broth (TSB) medium under anaerobic 
conditions. The pH mediums was adjusted to 7.26 
and incubated to 30°C for 24 hours. The cell samples 
were harvested by centrifuge at 4500 rpm for 25 
minutes and then washed with sodium bicarbonate 
solution (2 g L–1). The washed cells were suspended 
in the sodium bicarbonate solution as inoculums and 
the pH was adjusted to 7.26.

Bioreduction solutions: The medium used for 
bioreduction was contained the following solutions: 
salts including (g L–1) NH4Cl (0.25), KCl (0.5), 
CaCl2.2H2O (0.15), NaCl (1.0), MgCl2.6H2O (0.62) 
and vitamins including (mg L–1) p-aminobenzoic acid 
(0.05), thiamine-HCl (0.02), pyridoxine-HCl (0.1), 
cyanocobalamin (0.001) and trace minerals including 
(mg L–1) MnCl2.4H2O (0.1), CoCl2.6H2O (0.12), ZnCl2 
(0.07), H3BO3 (0.06), NiCl2.6H2O (0.025), CuCl2.2H2O 
(0.015), Na2MoO4.2H2O (0.025), FeCl2.4H2O (1.5). In 
following, 10 mM of sodium lactate (50% syrup) was 
added as electron donor. The uranium (up to 0.5 mM) 
was added as the species uranyl acetate. The pH 
was adjusted by sodium bicarbonate [22].

Anaerobic cultivations 
After pH adjustment, 9 mL volumes of mediums 

were transferred to 25 mL Balch-type vials. Then, 

the vials were urged with a mixed gas (90% N2 and 
10% CO2) by a stainless steel cannula as nozzle for 5 
minutes and immediately the sealing of vials carried 
out with rubber and aluminum caps. In following, 
hydrogen gas from a continuous H2-generator was 
injected into the vials by a thin needle up to pressure 
+0.6 bars. Presence of H2 gas in the vials at a positive 
pressure guarantees that any remaining or probable 
oxygen leakage toward inside, will be vanished via 
water forming reaction [7,23]. After that, one mL 
of the inoculums was injected to each anaerobic 
vials containing 9mL reduction solution which were 
incubated at 30°C. It should be noted that, two 
control samples including cell-free control for abiotic 
precipitation and U-free medium control for assuring 
uranium precipitation - not the cells- were provided.

Analysis of U (IV) and U (VI)
Soluble uranium (IV) was determined by Inductively 

Coupled Plasma Spectrometry (ICP, Perkin Elmer 
Optima 2000 DV). The culture samples were 
transferred to a centrifuge tube under anaerobic 
conditions (glove box). Then, the pH was adjusted to 
11 with 1 N NaOH to precipitate the uranium and the 
cultures were centrifuged at 4500 rpm for 20 min. The 
supernatant discarded, and the pellet resuspended 
in 2 mL of a 10 mM citric acid solution to extract the 
uranium species. The solutions were filtered by 0.45 
µm membrane filters and analyzed by UV-visible 
light (UV-vis) spectrophotometry to determine the 
absorption spectra of uranium (IV) [24].

2.3 Characterization of uranium reducer strains
Phenotypic characteristics: The Gram staining 

and microscopic observations of the isolates were 
carried out in exponential growth phase. Diagnosis 
obligate or facultative anaerobic of isolates was 
carried out using bacterial culture under aerobic and 
anaerobic conditions.

Genotypic characteristics: The DNAs were 
extracted from the isolates using DNA extraction 
kit (Cinna Clone) according to the manufacturer's 
instructions. The primers used for PCR 
amplification of the 16S rRNA sequences were 27F 
(5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R 
(5′-GGTTACCTTGTTACGACTT-3′). The PCR 
amplification was carried out as follows: 50 ng of 
genomic DNA, 0.75 µL MgCl2, 0.5 µL dNTPs, 1 µL 
each of sense and antisense primers, 2.5 µL of 10X 
reaction buffer (Thermo Scientific) and 0.4 µL of pfu 
DNA polymerase (Vivantis) in a total volume of 25 
µL. The reaction mixtures were amplified in a thermal 
cycler (PeQ lab, England) by use of the following 
program: 95°C for 3 min, followed by 30 cycles 
consisting of denaturation at 95°C for 30 s, annealing 
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at 50°C for 30 s and extension at 72°C for 90 s. The 
final extension step was 72°C for 7 min. After that, 
the PCR products were purified and sequenced. 
Finally, sequence alignment was performed by 
BioEdit software and were searched for homology by 
BlastN at the NCBI server (http:// www.ncbi.nlm.nih.
gov/BLAST/Blast) and submitted to Genbank. Also, 
a phylogenetic tree was constructed with MEGA 5 
software based on the 16S rRNA sequences of other 
closer strains.

3. Results and Discussion

3.1 Isolation and purification
The bacterial cells have adapted to the 

environments contaminated with toxic metals, in 
order to grow and survive and use the essential 
metals to drive their metabolic machinery, and also 
protect themselves against toxic elements such as 
radionuclides through different mechanisms such 
as bioreduction, biosorption and etc. [25, 26, 27]. 
So, improved remediation will be achieved when 
the isolation of the bacteria was performed from the 
native environment.

In this study, the samples obtained from water, 
sledge and soil of Bandar Abbas uranium mine, Iran, 
were inoculated onto modified egg yolk medium. 
After 10 days of incubation at 30°C, the bacteria were 
developed in the purging vials which were oxygen 
free gas. The grown cells of bacteria were inoculated 
onto solid medium under anaerobic conditions. Such 
ordinary purification procedures were repeated 
several times, finally pure cultures were obtained. 
The results indicated that, the colonies of all samples 
were smooth, spherical and milky in color. After 
isolation, in order to coding the strains, they were 
called FJ4, FJ5, FJ6 and FJ7.

3.2 Uranium bioreduction
To identify the ability of the isolates in the uranium 

reduction, inoculums were injected into the anaerobic 
vials containing reduction solution and incubated at 
30°C. The results showed that, a dark precipitate 

formed during incubation time, while the yellow color 
of solution disappeared due to transportation of 
uranium from the solution phase to the precipitate. 
These happened in all vials except control samples. 
Figure 1 showed the morphological feature of the 
precipitates of uranium bioreduction. 

Analysis of the solution in 2nd and 4th days of 
incubation using ICP, confirmed the uranium removal 
of the solution showed in Table 1 pointing to that the 
isolates are capable of uranium removal. The results 
indicated that, the concentration of U(VI) in solutions 
was 24, 27, 27, 46, 127 and 0 ppm for FJ4, FJ5, 
FJ6, FJ7 strains, cell-free control and U-free medium 
control in 2nd day, while the amount was reduced to 
>1, >1, >1, 15, 68 and 0 ppm in 4th day, respectively. 

In addition, the absorption spectra determination 
of uranium (IV) in precipitates showed the major 
and minor peaks at about 662 nm and 560 nm, 
respectively (Figure 2). Gao and Francis (Gao and 
Francis 2008) [24] reported that respective UV-vis 
spectra for U (IV) is 662 nm and 560 nm that confirm 
our results in the present study. According to Figure 
2, it was clear that U (VI) was removed from the 
solution and converted to U (IV) in the precipitate 
due to presence and activity of the bacterial cells. 
The significant decrease in solubility beside the 
reduction of U (VI) to U (IV), producing the insoluble 
uraninite, has been viewed as a potential mechanism 
for clearing of environmental uranium contamination. 
In the past years, it has been tightly established that 
some species of bacteria show this ability.

It can be deduced that removal of U during 
experiments can be attributed primarily to reductive 
precipitation of UO2, and not to adsorption onto 
the bacterial cell membranes. Lovley, 1993 [28] 
explained that bacterial dissimilatory U (VI) reduction, 
that leading to U (IV) precipitation as UO2, has been 
proposed as an alternative means of promoting U 
mineralization. Also, initial uranium bioreduction 
experiments used X-ray diffraction (XRD) and 
transmission electron microscopy (TEM) to identify 
the black mineral precipitate formed as uraninite UO2 
[14, 29].

The following equation is summary of uranium 
reduction process by bacteria [7].

Name of 
samples

U(VI) 
concentration 
after 2 days 
incubation

U(VI) concentration 
after 4 days 
incubation

FJ4 24 ppm >1 ppm
FJ5 27 ppm >1 ppm
FJ6 27 ppm >1 ppm
FJ7 46 ppm 15 ppm

Cell-free 
Control 127 ppm 68 ppm

U- free medium 0 ppm 0 ppm

Table 1. The results of solution analysis by ICP method.

Figure 1. Formation of black precipitate during bioreduction 
experiments using isolated bacteria.
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( ) ( )BacteriaU VI electron donor U IV oxidized electron donor+ → +

It should be noted that, uranium bio-reduction 
is an anaerobic process. Thus, in the absence of 
oxygen, U (VI) plays the role of electron acceptor 
instead of oxygen [6]. Uranium bio-reduction is a 
microbial reaction between U (VI) and some kinds of 
bacteria in which electrons are transported from an 
electron donor to U (VI), as final electron accepter. 
This process is mediated by catalytic intermediary 
of reducing enzymes of the bacteria that results in 
uranium reduction to the non-soluble form, U (IV). 
The researchers reported that reduction of soluble 
U(VI) to insoluble U(IV) has been proposed as a 
mechanism for preventing the migration of this toxic 
element with ground water [7, 8]. 

There are different mechanisms for different 
species in order that cells transfer electrons from the 
electron donor to an electron acceptor such as U (VI) 
that is debated. Although, U(VI) can be significantly 
soluble in certain environmental conditions and 
therefore may diffuse into the direct contact with a cell. 
Bacteria are also capable of transferring electrons to 
solid electron acceptors such as sorbed/precipitated 
U (VI). Therefore, bacteria must have evolved 
mechanisms for transporting electrons from the 
central metabolism to the outside of the cytoplasmic 
membrane, the periplasm and the outer membrane 
and potentially extracellular space. These include 
the use of electron-carriers such as cytochromes or 

flavins or through the expression of conductive cell 
surface appendages such as pili. It should be noted 
that, the mechanisms of U (VI) bioreduction are not 
yet fully resolved, especially the significance of the 
role played by pili and electron shuttles [30].

3.3 Characterization of the isolates
Phenotypic characterization: The compound 

microscopic observations of the isolated strains 
revealed that, all strains were Gram-positive and 
facultative anaerobic. Furthermore, two of the 
samples were cocci in clusters, short chains, 
diplococcic, single cocci and another isolates were 
ovoid coccus, occurring in pairs and short chains.

Genotypic characterization: Maximum likelihood 
tree building is shown in Figure 3. The data presented 
showed that L. garvieae and E. faecalis, which both 
have ability to uranium reduction, can be easily 
differentiated by the proposed PCR assay. The PCR 
assay that we have developed is a convenient, fast, 
and simple technique that can be accomplished in 5 
h and that can be applied to the specific identification 
of L. garvieae and E. faecalis.

The PCR assay resulted in the amplification of a 
band of 1465 bp in size detected for all the strains. 
Following sequences, BLAST search, alignments 
and analysis of the 16S rRNA gene sequences 
indicated that the 2 bacterial strains feel righted to 
phylogenetically different groups. Strain FJ4 had 

Figure 2. The analysis results of the precipitates using UV-vis in presence of isolated strains.
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16S rRNA gene similarities of 99%-98% belonged 
to the members of the genus Enterococcus, with 
the highest similarity to E. faecalis. Strain FJ5 had 
16S rRNA gene similarities of 99%–97% belonged 
to the members of the genus Lactococcus, with the 
highest similarity to L. garvieae. Strain FJ6 had 
16S rRNA gene similarities of 99%–98% related to 
the members of the genus Lactococcus, with the 
highest similarity to L. garvieae. Strain FJ7 had 
16S rRNA gene similarities of 98%-97% belonged 
to the members of the genus Enterococcus, with 
the highest similarity to E. faecalis. Nucleotide 
sequences of examined strains gene fragments 
were recorded in NCBI database (accession 
numbers of deposits KX671994.1, KX671995.1, 
KX671996.1 and KX671997.1 related to 
Enterococcus faecalis strain FJ4, Lactococcus 
garvieae strain FJ5, Lactococcus garvieae 
strain FJ6 and Enterococcus faecalis strain FJ7, 
respectively. 

Many researchers have been isolated L. garvieae 
and E. faecalis from various environments [31, 32, 
33], but there is no report about the isolation of these 
bacteria from uranium mine. In addition, according 
to our researches, no evidence exists regarding the 
ability of L. garvieae for uranium reduction. It should 
be noted that, there is just a thesis about existence 
of E. faecalis capable of uranium reduction [34]. In 
the present study, we succeeded to isolate native 
bacteria with the ability of uranium reduction, from 
uranium mine, under anaerobic condition for the first 
time.

4. Conclusion
The results of this study showed the successful 

isolation of native uranium reducer bacteria from 
Iranian uranium mine. In the present study, we 
isolated 4 native strains capable of uranium 
reduction under anaerobic condition. Analysis 
of the precipitate by UV-vis confirmed that the 
mechanism of uranium removal is microbial 
reduction from U(VI) to U(IV). In addition, the results 
of the characterization revealed that all strains 
were Gram-positive, facultative anaerobic and 
cocci. Sequencing of 16S rRNA indicated that, the 
isolates are members of the genus Enterococcus 
and Lactococcus. Finally, we reported for the first 
time that the native strains including E. faecalis 
FJ4, L. garvieae FJ5, L. garvieae FJ6 and E. 
faecalis FJ7 were found as able native bacteria for 
microbial reduction of U(VI) from aqueous solution.
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