https://bjm.ui.ac.ir/?lang=en

Journal of Microbial Biology

E-ISSN: 3060-7647

13 Year, Vol. 13, No. 49, 2024 pp. 53-75
Received: 18/07/2023 Accepted: 24/10/2023

(Research Paper)

Screening of Effective Bacteria in the Biological Removal of Selenium from Sarcheshme Copper
Tailing Dam Effluent”

Seyed Mansour Meybodi*
Assistant Professor of Microbiology, Department of Microbiology, Faculty of Biological Sciences, Islamic Azad University, Tonekabon, Iran
s.m.meybodi@gmail.com

Amir Sarabandi Haqighi
Master of Science in Microbiology, Department of Microbiology, Faculty of Science, Islamic Azad University, Sirjan, Iran
amirsinasarabandi@yahoo.com

Abstract

One of the concerns of today's world is environmental pollution caused by heavy metals, and in this
regard, the element selenium is very important due to its low amount in the environment. Bioremoval
of metals is one of the cleanest and cheapest methods of biological absorption. The purpose of this
research is to isolate and evaluate selenium-resistant strains for the bioremoval of this metal from
aquatic environments. By isolating selenium-resistant strains, the bioabsorption rate of the selected
types was investigated in different conditions of acidity, temperature, and biomass amount at different
times. In between, two isolates were resistant to the concentration of 400 mM sodium selenite, which
were identified after performing biochemical and genetic tests. The highest absorption rate in terms of
inoculated biomass was related to Thalassospira permensis and Bacillus thuringiensis at 4% in 20 and
60 minutes, respectively. The highest amount of absorption was obtained by Bacillus at an acidity of 5
during 40 minutes and by Thalassospira at an acidity of 7 and a time of 60 minutes. The optimal
temperature for the two strains was 25 °C and it was found that Thalassospira permensis had the best
effect in 20 minutes and Bacillus thuringiensis had the best effect in 40 minutes. In addition,
Thalassospira permensis was the best choice for selenium bioabsorption by absorbing 95.1% of total
selenium with 4% of the biological mass in a period of 20 minutes, at acidity equal to 6 and 25 °C.
Thalassospira permensis absorbed 95.1 mgL™ of 100 mgL™* of sodium selenite in the culture medium
within 20 minutes by biomass 4%. Thus, it had a high bioabsorption rate and became a suitable
candidate for further studies to remove selenium from the relevant wastewater.

Keywords: Bacterial Screening, Biological Absorption, Selenium, Tailing Dam Effluent.

*
Corresponding Author
3060-7647/ © 2024 The Authors

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses by-nc-nd/4.0/) @
Meybodi, S. M., & Sarabandi Haghighi, A. Screening of effective bacteria in the biological removal of selenium from Sarcheshme copper
tailing dam effluent. Journal of Microbial Biology, 2024; 13 (49): 53-75.

http://dx.doi.org/ 10.22108/BJM.2023.138438.1553



https://bjm.ui.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2322-5173
mailto:s.m.meybodi@gmail.com
https://creativecommons.org/licenses%20by-nc-nd/4.0/
http://dx.doi.org/%2010.22108/bjm.2023.139168.1562
https://orcid.org/0000-0002-2564-1627

54 Journal of Microbial Biology, 13" Year, Vol. 13, No. 49, 2024

Introduction

When wastewater contaminated with heavy metals enters the environment, even within permissible
limits, it becomes concentrated and pollutes surface and groundwater, leading to irreversible effects on
the environment. The accumulation of Selenium in the environment leads to a range of health problems
in humans (1). Selenium is present in nature in four forms of oxyanions: selenate, selenite, selenide, and
elemental selenium. Selenate and selenite have the highest bioavailability and, consequently, pose the
highest toxicity to biological systems (5). Microorganisms aid in the dissolution of metals in the
surrounding waters by secreting substances that convert metals into soluble salts, thereby making them
extractable from the environment. Furthermore, these organisms have the ability to separate metals by
absorbing metal particles onto their cell walls. In terms of biological absorption, the cell walls of
microorganisms contain substantial quantities of polysaccharides and proteins, which possess active
sites for metal absorption (6, 8). The waste produced by copper mines serves as a source of
contamination that pollutes water and disrupts the integrity of natural ecosystems (9). In order to prevent
selenium issues in the tailings and enhance the selenium content utilized in the factory, cost-effective
strategies can be implemented, such as the utilization of indigenous microorganisms that have the ability
to absorb selenium present in wastewater and tailings. The objective of the present study is to isolate
and screen selenium-resistant bacteria from the tailings of the Sarcheshme copper mine and evaluate
their capacity to eliminate selenium from the company's wastewater utilizing these resistant strains.

Materials and Methods

Sampling was conducted from the waste dam of the copper mine and the samples were promptly
transported to the laboratory in a box with dry ice (10). A volume of 1 mL/g of the samples was utilized
to prepare successive dilutions. From the dilutions of 0.1 and 0.01, a volume of 0.1 mL was extracted
using a glass pipette and added to a Luria-Bertani agar medium containing 10 mg/L sodium selenite for
surface cultivation. Subsequently, pure cultures were prepared from the resulting colonies using the
same medium. Next, the minimum inhibitory concentration test was conducted (1), and a biomass of
bacteria with the highest resistance to selenium was prepared in a Luria-Bertani broth medium using
the freeze-drying method for preservation (11). To investigate the uptake of selenium by the biomass,
the metal uptake in a 100 mg/L selenium solution was examined under different temperatures, acidity,
and initial biomass conditions using atomic absorption spectrophotometry at specific time intervals (11,
12). Catalase, urease, oxidase, motility, indole production, hydrogen sulfide production, carbohydrate
fermentation, gram staining, salt tolerance, and thermal tolerance tests were conducted to initially
identify strains with the highest uptake (13, 14). To ensure precise identification of the chosen strains,
we conducted genetic testing through polymerase chain reaction and 16S rRNA gene amplification.
After electrophoresis, the PCR product was sent to Bioneer, a company located in South Korea, for
purification and sequence determination. It was further examined in the gene bank using the blast
method (15-18).

Research Findings

Out of the 14 strains that were isolated from wastewater, strains number 4 and 13 exhibited strong
resistance to high selenium concentrations that were added to the culture medium (400 mM). The
highest level of absorption for strain number 4 was observed when the biomass level reached 4% within
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a 60-minute timeframe, while for strain number 13, it was observed at a biomass level of 4% within 20
minutes. Furthermore, the highest level of absorption for strain number 4 was observed at a pH of 5
within 40 minutes, whereas for strain number 13 it was observed at a pH of 7 within 60 minutes. In
terms of the temperature effect, strain number 4 exhibited the highest absorption level at 25 °C after 40
minutes, while strain number 13 displayed the same observation at the same temperature but within 20
minutes. The genetic identification results of the selected strains revealed that strain number 4 is similar
to Bacillus thuringiensis strain B4 (1), and strain number 13 is similar to Thalassospira permensis strain
I-A-E-11. Finally, Thalassospira permensis demonstrated the highest potential for selenium
bioabsorption. It exhibited an absorption rate of 95% for total selenium within a span of 20 minutes
while maintaining a biomass level of 4%. These results were achieved at a pH of 6 and a temperature
of 25 °C.

Discussion of Results and Conclusions

The identification of various types of microorganisms resistant to heavy metals is crucial in order to
utilize them for decontaminating the environment. Researchers are particularly interested in studying
different fungi, algae, and bacteria due to their ability to absorb toxic metals. This research focuses on
their potential application in removing these metals from the environment, particularly in industrial
wastewater, rivers, and polluted sewage. It has been determined that selenium can be present in
industrial and mining wastewater up to 2000 pg/L and in copper minerals from 20 to 82 pg/g (11, 19).
This study aimed to isolate and identify bacteria that can tolerate high selenium concentrations in order
to utilize them for the biological absorption of selenium. In this study, two superior strains, Bacillus
thuringiensis and Thalassospira permensis, were identified using polymerase chain reaction. The
second bacterium absorbed 1.95 mg/L of sodium selenite in the environment within 20 minutes,
demonstrating a high biological absorption capacity of 4% biomass. Furthermore, the results showed
that the highest bioabsorption of selenium occurred in Thalassospira permensis when the biomass
increased at a temperature of 25 °C (ambient temperature) and a pH of 7. The same increase in biomass
to 4% at a similar temperature and a pH of 5 was observed in Bacillus thuringiensis. Overall, the results
obtained suggest that Thalassospira permensis is a recommended option for field studies and effective
removal of selenium from the environment.
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Table 4- Test of the Minimum Inhibitory Concentration (MIC) of bacterial growth in sodium selenite dilutions
ranging from 100 to 500 mM
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Table 5- Changes resulting from adding 1, 2 and 4% of bacterial biomass to a solution containing 100 mg/L of
sodium selenite
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Fig 1- The average amount of selenium absorption by strain number 4 at three biomass levels and three time levels
of 20, 40, and 60 minutes
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Fig 2- The average amount of selenium absorption by strain number 13 at three biomass levels and three time
levels of 20, 40, and 60 minutes
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Table 6- The results of biosorption of biomass at pH levels of 5, 6, and 7 in a solution containing 100 mg/L of
sodium selenite
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Fig 3- The average amount of selenium absorption by strain number 4 at three levels of acidity and three different
time intervals of 20, 40, and 60 minutes
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Table 7- Selenium biosorption results at 25, 30, and 35 °C in a 100 mg/L sodium selenite solution from the two
isolates under consideration
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Fig 5- The average amount of selenium absorption by strain number 4 at three temperature levels and three time
levels of 20, 40, and 60 minutes
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Table 8- Results of biochemical tests to determine the genus and species of the top two strains
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