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Abstract
The use of bacteria has been considered as a suitable alternative for metalloids remediation. We isolated 84 tellurite-
resistant bacteria, and characterized tellurite-resistant and tellurite-reducing bacterial strains from samples collected in 
Iran. We report here a halophilic Gram-positive strain can tolerate and accumulate equal to 26.39 mM (6598.66 µg/ml) 
concentrations of potassium tellurite from media. This strain were identified according to the 16S rRNA gene sequence 
as Staphylococcus xylosus. Here we show for the first time that S. xylosus can be efficiently remediate  K2TeO3. Cell aggre-
gation in the presence of tellurite was visually observed by colony color changes to black in media. Reduction of Te to 
 Te0 determined with the spectrophotometric measurement method and sodium diethyldithiocarbamate trihydrate rea-
gent (DDTC, A340nm). In order to provide high tellurite remediation, the optimum growth conditions of this bacterium 
were determined. The best terms are included 0.4 mM of oxyanion, 40 °C growth temperature, pH 6–8, 400 mM NaCl, 
and 50 RPM under aerobic conditions. Resistant to tellurite and a high level of tellurite reduction by S. xylosus might be 
interesting for further industrial applications.
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1 Introduction

Tellurium  (Te0) as a rare metalloid is a member of the 
group 16 of the Periodic Table which its biological role 
hasn’t been determined yet [1, 2]. The tellurium oxyanion 
tellurite are well-known for their extremely toxicity for 
most bacteria and comparatively uncommon in the envi-
ronment, they can be detectable at high concentrations 
specially near waste discharge fields as well as widespread 
in soil, silt, and wastewater that they have been consid-
ered serious environmental pollutants [3–5]. Utilization of 

tellurium, which has been used enormously in metallurgy, 
electronics, and applied chemical industries, is increasing 
highly harmful redox state of this elemental form, the oxy-
anion tellurite  (TeO3

2−) [6, 7]. However, tellurium’s toxicity 
in human is not explored as in others but more than 4 mM 
(1 mg/ml) tellurite concentration is highly toxic to prokary-
otic and eukaryotic cells [2, 8].

Environmentally, tellurite  (TeO3
2−) is most abundant 

and its toxicity has been to a large extend associated to 
act as a strong oxidizing agent [4]. The production of 
reactive oxygen species (ROS) is another hypothesis [9]. 
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Interestingly, production of ROS is enhanced by condi-
tions such as drought, salt, and temperature stresses, as 
well as by the combination of these conditions [1, 10]. 
On the other hand, some investigation has been recom-
mended thiol biochemistry and metabolism probably 
play a major role in tellurite toxicity and also tolerance 
of bacteria to this oxyanion [11, 12].

Hitherto, the tellurite toxicity’s molecular basis 
remains debatable. It has been suggested that gener-
ating non-functional proteins occurs in replacement S 
by Te in some amino acids [5, 13]. The tellurite resist-
ance mechanisms in bacteria have been proposed as 
the non-enzymatic or enzymatic reduction of tellurite to 
amorphous elemental tellurium which results in immo-
bilization and detoxification [1, 14]. Insoluble elemental 
tellurium found as extracellular or intracellular black 
inclusions in some bacterial-selective growth media [1, 
15, 16].

Accumulation of Toxic oxyanions such as tellurite in 
near of waste discharge sites has expected to increase over 
water and soil contamination [7, 17]. Today, the technolo-
gies of microbial bioremediation of toxic compounds and 
wastewater purification are becoming more popular [18]. 
Although rare in the bacteria, tellurite resistance occurs 
quite naturally in Corynebacterium diphtheriae, Streptococ-
cus faecalis, some of the strain of genus Staphylococcus 
and some species of aerobic phototrophic bacteria [19]. 
Alternatively halophilic and halotolerant microorganisms 
could be contemplated appropriate candidates for bio-
transformation and bioremediation of toxigenic metals 
due to their capability of growth in high concentration 
of ions [17]. Resistance to tellurite has been reported in 
both Gram-positive and Gram-negative bacteria as well as 
anaerobic and aerobic bacteria [2, 17, 20, 21].

Bacteria that are resistant to tellurite commonly 
decrease the toxicity and exchange it to elemental tellu-
rium  (Te0) which gather as black shade intracellular resi-
due. Investigating the molecular mechanisms implying 
tellurite resistance mechanism is considerable interest in 
the application of bioremediation [6, 8, 22]. Since tellur-
ite is toxic and environmentally important, determining 
tellurite-resistant bacteria, and moderately halophilic bac-
teria for bioremediation of polluted region with tellurite 
oxyanions is a very interesting issue for researchers [4, 17].

The aim of this study was a successful attempt to isola-
tion, characterization and identification the microorgan-
isms capable of transforming toxic  TeO3

2− into non-toxic 
elemental tellurium and to investigate their ability in tel-
lurite removal from contaminated sites for potential bio-
technological applications. These bacteria were retrieved 
from samples picked in dyeing and weaving industrial 
wastewater evacuated in extreme environment likely dry, 
heat and salty desert.

2  Materials and methods

2.1  Isolation, characterization and culture 
conditions of industrial wastewater 
tellurite‑resistant bacteria

In total, 84 tellurite resistant bacteria were isolated from 
15 environmental samples of wastewater, sediments 
around the factories, and residue waters in washing 
tankers were collected of Iran during the summer. Sam-
ples were enriched for tellurite resistant bacteria using 
Luria–Bertani culture media (Merck) [1]. Suspension of 
Isolated strains comprising nearly 1.5 × 108 CFU ml−1 was 
grown routinely in LB medium with different  K2TeO3 con-
centrations of 0.4–36 mM (100–9000 µg ml−1), at 37 °C 
with agitation at 100 rpm for 1 day (24 h). All tests were 
performed at least in triplicate [23]. Pure cultures with 
the highest resistance to tellurite carried in Tryptic soy 
broth (TSB) media with 20% glycerol, allowing the bac-
teria stored in − 20 °C for 6 months.

After purification, the morphology of all isolated 
bacteria utilizing a low voltage electronic microscope, 
Gram-reaction, colony and cell morphology and motility 
were determined as demonstrated by Arenas et al. [1]. 
Growth curves as well as progression parameters such as 
optimal temperature and range, pH, Agitation and dif-
ferent NaCl concentrations range (0–20% w/v) (Merck) 
was determined for each isolate as described previously 
[1, 17, 23]. Other physiological and biochemical charac-
terizations of selected tellurite-resistant bacteria likely 
Catalase, Oxidase, Voges–Proskauer (VP) test, Enzyme 
activity etc., were determined [24]. Further analyses were 
accomplished at the respective strain’s optimal growth 
parameters.

2.2  Identification of  QWTm6 tellurite‑resistant 
bacteria

For identification the accurate isolates, the linear amplifica-
tion using DNA extraction kit (DNP Tm Kit, Cinnagene Inc., 
Iran) of their 16S rRNA gene was applied using the follow-
ing the manufacturer’s recommended procedure and uni-
versal primers (8-27F-5′-AGA GTT TGA TCC TGG CTC AG-3′ and 
1492R-5′-GGT TAC CTT GTT ACG ACT TC-3′ and 1541R-5′-AAG 
GAG GTG ATC CAG CCG CA-3′) [25, 26]. The reaction mixture 
was incubated at 94 °C for 5 min (1 cycle) followed by 30 
cycles of 30 s at 94 °C, annealing for 1 min at 57 °C (30 
cycles), and extension for 1 min at 72 °C (30 cycles). Then, 
the reaction mixture was kept for 10 min at 72 °C, cooled 
to 4 °C, and PCR product purified by 1% (w/v) agarose gel 
and sequenced by Seqlab Laboratory (Germany) [27].
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Phylogenetic trees of the amplified sequence of 16S 
rRNA of S. xulosys with closely related Staphylococcus 
were formed utilizing the neighbor-joining technique 
as executed in the CLC Sequence Viewer version 6.5.1. 
Software.

2.3  Determination of tellurium oxyanion tolerance 
and antimicrobial disk assay

Agar diffusion method was used to measure the resist-
ance of  QWTm6 strain to toxic oxyanion of tellurite [24]. 
After pouring molten nutrient agar in addition to vari-
ous concentrations of  K2TeO3 of 0.1 mM up to 36 mM 
(25–9000  µg  ml−1) into plates, bacterial suspension 
(adjusted to 1.5 × 108 CFU ml−1) was inoculated on every 
plate and then incubated at 37 °C for 7 days with shaking.

Minimum inhibitory concentration (MIC) for tellurite 
was evaluated. Each plate was assembled in triplicates. 
Overnight cultures of elected strains were diluted with 
LB medium, and were spread on LB-agar (2%) plates 
[28]. Antibiotic disks were put in the middle of the plates, 
growth inhibition zones were measured after incubation 
24 h at 37 °C [29].

2.4  Features impacting or influencing tellurite 
removal

Capability of tellurite removal by the strains were evalu-
ated at varied pH values of 5–11, vigorous agitation 
(50–200 rpm), and temperatures ranging from 5 to 60 °C 
in basal medium supplemented with 0.5 mM potassium 
tellurite. To identify the efficacy of diverse concentration 
of sodium chloride (Merck) on tellurite removal, NaCl 
(50–450 mM) were included to the basal medium.

To estimate the effect of initial tellurium concentration, 
cultures that incubated for 1 day were diluted 1:100 with 
new LB medium and at the same time grown with shaking 
(140 rpm), 37 °C. Then,  K2TeO3 (0.1, 0.2, 0.3, 0.4, 0.4, 0.5, 0.6, 
0.7, 0.8, 0.9 and 1 mg ml−1) was added and aliquots were 
picked at various time periods over 144 h and for 10 min 
centrifuged at 10,000 rpm. The method for quantification 
of other remaining extracellular tellurite with the aid of 
Supernatants was colorimetric DDTC-method (340 nm) 
demonstrated by Turner et al. [17, 30]. All experiments 
were done in triplicate.

2.5  Statistical analysis

The normality of data on Tellurite Concentration (TC) was 
tested using Kolmogorov–Smirnov in SPSS software (IBM, 
version 20) and the result showed that data were not nor-
mally distributed (P = 0.000). Therefore, the significant differ-
ence in tellurite concentration among 9 groups was tested 

using One-Way ANOVA with SNK post-hoc test at the signifi-
cance level of 0.0 (Table S1). The variation of TC as depend-
ent variable over time was tested using the linear regression. 
Additionally, strongly autocorrelated time series analysis was 
performed for predicting tellurite bioreduction for the next 
14 days.

3  Results and discussion

3.1  Isolation and identification of  QWTm6 
tellurite‑resistant bacteria

Among 84 tellurite-resistant bacteria isolated from various 
environmental source,  QWTm6 which separated from dye-
ing textile industrial wastewater near salt desert located 
in Qom, Iran, showed compatible growth in LB-agar in 
the presence of  K2TeO3. This strain because of its high 
levels of tellurite resistance and reduction the toxicant, 
was selected for further analysis to estimate its capacity 
to resist and reduce tellurite under different temperatures 
and initial tellurite concentrations (Table 1). The minimum 
inhibitory concentration of  QWTm6 was determined. Based 
on MICs,  QWTm6 strain tolerated relatively high concentra-
tions of tellurite, 26 mM.  QWTm6 is a Gram-positive coccus 
whose optimal growth temperature was 37 °C. Basic mor-
phological traits in an optimal growth situation followed 
by tellurite tolerance of the  QWTm6 strain and optimal 
growth temperature are shown in Table 1.

Biochemical and physiological characterizations of the 
 QWTm6 strain was accomplished (Table S2). Analyzing 
the capability of growth in the presence of various NaCl 
concentrations  QWTm6 grew in up to 20% NaCl. Table S3 
concludes some antibiotic resistance characteristics of the 
 QWTm6 strain.

After determination and comparison of the 16S rRNA 
gene sequence of the  QWtm6 strain with those existed 
in the NCBI database, phylogenetic trees were built. The 
results represented that  QWtm6 strain was similar to Staph-
ylococcus genus (Fig. 1).

For studying tellurite-uptake in tellurite-resistant bac-
teria, S. xylosus strain  QWTm6 was inoculated into fresh LB 
medium. When the bacteria  OD600 were ~ 0.8, the culture 
was adjusted with various tellurite concentrations (Fig. 2) 
and the present tellurite in the supernatants were eval-
uated as described above [30]. Figure 2 exhibits that in 
24 h ~ 62% of the toxic oxyanion was eliminated from the 
culture medium by S. xylosus strain  QWTm6.

3.2  Determination of optimal growth condition 
of  QWTm6 tellurite‑resistant bacteria

Optimal conditions for isolates including incubation 
temperature, pH, Agitation and salt concentrations were 
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determined (Fig. 3a–d). These conditions had remarkable 
impact on potassium tellurite removal and the maximum 
removal in  QWTm6 strain took place at pH value of 8.0, 
40 °C, and 50 rpm.

The maximum removal efficiency in  QWTm6 strain at pH 
value of 8 was 97%. At pHs less than 6 and more than 9, the 
quantity of potassium tellurite removal was significantly 
reduced (Fig.  3a). Te removal in temperature of 40  °C, 
and shaking at 50 rpm were, 46% and 97%, respectively 
(Fig. 3b, c). Temperature decreasing and increasing the 
agitation reduced the elimination of Te from the culture 
media compared to the optimal growth conditions.

To define the effects of different salt concentrations on 
the potassium tellurite removal capacity of the strains, 
NaCl was added to the medium in the concentrations of 
250–450 mM. Maximum potassium tellurite elimination 
in  QWTm6 strain was seen in the presence of 400 mM 
NaCl (Fig. 3d). When the concentrations of NaCl raised 
in culture media, the removal of potassium tellurite was 
attained, however, increasing the concentrations of salt 
from 400 mM caused decline in the potassium tellurite 
removal by the  QWTm6 strain.

Using linear regression analysis, it was found that Tel-
lurite concentration in determination of different con-
centrations effect of tellurite on their removal by strain 
 QWTm6 experiments is equal to “0.844 mM—0.001 Time” 
(mM: Tellurite molarity,  R2 = 0.61, P = 0.051). This model rep-
resents the linear relationship between the independent 
and dependent variables alternations at time. Time series 
forecasting based on a model fitted to present and past 
observations shows no difference between observed and 
expected data according other investigations [31, 32]. In 
general, we see a decreasing trend in the TC (tellurite con-
centration) pattern, and accordingly, best bioreduction 
occurs in 0.4 mM tellurite and in this concentration the 
tellurite content will be zero at the end of an 8-day bacte-
rial exposure (Fig. 4).

According to morphological and biochemical assays 
Strain  QWTm6 belong to genera Staphylococcus and rely-
ing on 16S rRNA nucleotide gene sequences,  QWTm6 
strain was assigned to the genera S. xylosus (Table 1, Fig. 1). 
MIC assays in liquid media supported tellurite-tolerance 
outcomes. Strain  QWTm6 was exhibited high MICs for 
tellurium (MIC 26 mM equal to 6599 μg ml−1). Consider-
ing of high tellurite MICs, Isolated Staphylococcus strain 
 QWTm6 possesses best tellurite-reducing and the highest 
tellurite-resistance ability which is not yet reported among 
the bacteria and the genera Staphylococcus. Arenas et al. 
isolated some Staphylococcus bacteria which best MiCs 
among them was 525 µg ml−1 [1]. In fact,  QWTm6 strain 
being able to thrive at concentrations ∼ tenfold higher 
than their isolated bacteria or ∼ sevenfold compare to 
Shakibaie, et al. results [33].Ta
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Generally, Gram-positive bacteria likely Staphylococcus 
display higher levels of tellurite resistance than Gram-neg-
ative microorganisms [13] but No tellurite-resistant S. xylo-
sus were reported in earlier studies. Compared to sensitive 
bacteria like E. coli with 1 mg ml−1 tellurite MIC [34], high 
level tellurite resistance (MICs > 500 mg ml−1) was distin-
guished for 61.90% of the isolates (52 out of 84 isolates).

For determination of tellurite uptake using diethyldithi-
ocarbamate (DDTC) tellurite method, it was observed that 
QWTm6 strain can reduce tellurite to  Te0 for just the first 
12 h of a 24 h culture so it has high effectiveness in tellurite 
detoxification. Additionally, almost ~ 90% of the tellurite 

originally stock in the culture medium was eliminated by 
QWTm6. In this method, the tellurite concentration in the 
culture supernatant at different intervening periods was 
measured using DDTC (Merck, Germany) reagent [30]. 
Our result is similar to other investigations which tellur-
ite uptake is very quickly [35]. Instead, some research has 
shown that removing of tellurium into the bacterium is 
very slowly [1].

As potassium and sodium are two essential require-
ment for the activity of enzymes and mostly pumps in 
halophiles, it appears that enhancement of toxic metal 
tolerance and removal happen due to these elements [24]. 

Fig. 1  16S rRNA gene sequence-based phylogenetic trees of the  QWTm6 strain among members of cocci Gram-positive bacteria. The neigh-
bor-joining method was utilized for construction of tree
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 QWTm6 strain removes Te oxyanion in the lack of any salts 
and over a range of moderate NaCl concentrations (up to 
450 mM, Fig. 3d). In these circumstances, the capability of 
this halotolerant microorganism to eliminate tellurite in 
the existence of a wide variety of salt concentrations, pH 
and temperature makes it a worthy candidate for biotrans-
formation and bioremediation of toxic metals and metal-
loids [2, 24, 36]. According to investigations, thermal and 
salt areas, has provided cultures of bacteria display very 
high-level resistance to tellurite which was consistent with 
the results of our experiments [9].

Prominently,  QWTm6 strain exhibited a strong black 
color and black colony in broth and solid media, respec-
tively. This appearance can occur when Te accumulates 
as black intracellular residue which previously have been 
shown in a variety of investigations and seems to be one 
of the main ways to tellurite detoxification in microor-
ganisms. Blackening of culture indicate the presence of 
elemental Te accumulation in cell as well as bioreduction 
[7, 12, 22].

According to investigations, existence of heavy metals 
could induce and enhance bacterial antibiotic resistance 
[37]. These reports highlight increasing risks to public 
health and environmental contamination which would 
be the most important result of the experiments [37]. Fur-
thermore, co-existence of heavy metal and antibiotic can 
change their each impact on the expanse of pollution, in 
addition to biological removal of pollutants, which can 
affect bioremediation and bioreduction processes [29]. 
On the other hand, antibiotic-resistant bacteria, known 
as ‘bio-indicator’, have received much attention for the 

evaluation and detection of environmental pollution [18]. 
We have derived a Regression Equation for the evalua-
tion of a TC reduction change point in a linear regression. 
Through analyzing our bioremediation data, we have elu-
cidated an Equation to be an effective tool in estimating 
enhancement of tellurite removal from wastewater during 
the time of bacterial exposure.

4  Conclusion

Considering the dangers of utilizing metals and metal-
loids in industries and their release into the environment, 
the use of bacteria has been proposed as an appropri-
ate and performance choice for potassium tellurite 
bioremediation.
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The capacity of the moderately halophilic  QWTm6 strain 
belonging to Staphylococcus genus, to grow aerobically 
in the presence of high concentrations of the toxic oxy-
anion tellurite and to reduce it into elemental tellurium 
 (Te0) was determined. The estimated MIC value (26.39 mM 
or 6598.66 µg/ml) of  TeO3

2− oxyanions for aerobic growth 
of  QWTm6 strain highlighted its feature to tolerate high 
concentration of this toxic oxyanion, as compared to other 
Gram-positive bacteria previously described as tellurite 
tolerant and/or resistant microorganisms. Tellurite bio-
assays indicate that the bacteria were about 2 to 3-times 
more resistant to tellurite than the best literature reports 
for the same genus [17] or other Gram-positive bacteria 
[38].

The result clearly demonstrates that by use of S. xylo-
sus  QWTm6 which isolated from an extreme environ-
mental conditions such as high temperature and salt 
desert (Qom salt lake, Iran), we can eliminate ~ 62% of 
the toxic oxyanion/24 h from the culture medium. S. 
xylosus  QWTm6 bacteria could perform tellurite reduc-
tion under salinity conditions upper than % 20.

As the S. xylosus is a safe bacterium for commercial 
application and its pathogenicity in human and veterinary 
medicine is scarce [39], the present study demonstrated 
that aerobically grown  QWTm6 strain can be utilized as a 
good candidate for “green technology” in bioremediation 
of highly polluted sewage instead of conventional clean-
up technologies.
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