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Abstract 

The main focus of this study was to investigate the uptake of Zn and Cr by chromium-resistant bacteria, as well 

as the effects of varying concentrations of Si ions on these processes. The research objective Arthrobacter 

globiformis 151B was isolated from basalt samples collected from the area of Kazreti, Georgia, heavily 

contaminated with Cr(VI). The growth medium contained the research elements with the following 

concentration: Zn -1 μg/mL, Cr - 7 μg/mL. Bacteria were cultivated for 17, 24, 48, 96, and 144 hours. The 

concentration of Si ions in the growth medium made up 50, 200, and 800 μg/mL. After the cultivation of 

bacteria, the cells were sedimented by centrifugation. A bacterial pellet was prepared to measure concentrations 

of metals (zinc and chromium) using an atomic absorption spectrometer. 
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Introduction 

In nature, there are species of metal-resistant 

bacteria, which have the ability to exist in 

conditions of high concentrations of heavy metals 

[1, 2]. Arthrobacter oxydans, Arthrobacter 

globiformis 151B, Arthrobacter sp. 61B are aerobic 

bacteria of the Arthrobacter genus, they can 

intensively absorb hexavalent chromium [Cr(VI)] 

ions from the environment, convert them into the 

three valence form [Cr(III)], and accumulate it in 

the cell [3, 4]. Due to this property of bacteria, it is 

possible to use them for detoxification of an 

environment polluted with highly toxic Cr(VI). 

Silicon (Si) is the eighth most common element in 

the universe, but it is rarely found in its free form - 

it is more common in its compounds as silicon 

dioxide, or silicates, in sands, quartz, quartzites, 

and flints. Silicon is the second most abundant 

element in the Earth's crust after oxygen, 

accounting for 27.7% of the Earth's crust mass.[5, 

6] Almost all plants contain it. It is necessary for 

the elasticity of epithelium and connective tissue, 

skin, walls of blood vessels, and tendons [7, 8]. 

Silicon deficiency contributes to the development 

of atherosclerosis. In a body infected with 

parasites, the supply of silicon disappears very 

quickly, due to which it is difficult to heal the 

wound, the appetite decreases, the blood vessels 

begin to burst, and the skin itches [8]. 

Chromium causes various levels of damage to the 

structure of biopolymers. Cr(VI) undergoes a 

transformation, during which it forms active 

intermediate products - Cr(V) and/or Cr(IV), free 

radicals, and Cr(III) as a final product. Cr(III) is 

considered less toxic than Cr(VI), although its 

cationic complexes interact with the negatively 

charged phosphate group of DNA, which affects 

DNA replication, and transcription, and causes 

mutagenesis. Cr(III) also binds to thiol and 

carboxyl groups of enzymes and causes their 

structural and functional changes [9, 10, 11]. 

Zinc, which is a trace element, is found in the form 

of a divalent cation - Zn(II). Although it is present 

in small amounts in living organisms, it plays a 

very important role in vital processes [12]. Zn(II) is 

associated with the optimal functioning of the 

living organism's immune system, the functioning 

of the brain, the nervous system, and the normal 

condition of hair, skin, bones, and nails. However, 

zinc is quite toxic at high concentrations; However, 

the exact molecular mechanisms determining its 

toxicity are still poorly understood [13, 14]. Studies 

have shown that Zn(II) ions increase the potential 

of Cr accumulation by bacterial cells [12, 15]. 

We studied the influence of sodium (Na), 

potassium (K), cesium (Cs), calcium (Ca), 

chromium (Cr), zinc (Zn), and copper (Cu) 

assimilation by Arthrobacter globiformis 151B [16, 

17, 18, 19, 20]. We were interested in the effect of 

silicon ions on the absorption process of zinc and 

chromium by Arthrobacter globiformis 151B. 

 

Materials and Methods 

Arthrobacter globiformis 151B was selected as the 

research objective which was isolated from basalts 

from the Kazreti region polluted with heavy metals 

[21]. The colonies of Arthrobacter globiformis 

151B are white-creamy, smooth, round, bulging, 

with a shiny surface. The culture does not produce 

pigment. Grows well on simple synthetic and 

complex organic nutrient areas. Its development 

phases are coccus-bacilli-coccus. The 15-17 hour 

culture represents rods, which subsequently form 

different shapes. In the period of 18-24 hours, the 

structures formed by it gradually fragment into 

cocci. It does not produce spores. It is not 

characterized by the ability to move. The culture is 

gram-positive and acid-sensitive. The optimal 

temperature for culture growth is 200C-280C. 

 

To implement the purpose of the research, we 

conducted the following experiment: 

Before starting the experiment, culture 151B was 

transferred from solid agar (TSA agar) to 100 mL 

of liquid agar (TSB) in 500 mL Erlenmeyer flasks 

placed in a thermostat on a constant shaker: After 

24 h of cultivation, we transferred 10-10 mL of the 

culture liquid (suspension) to the flasks prepared 

for the experiment, where there was 90 mL of TSB 

(i.e., it is 90+10=100 mL of TSB). Cultivation was 

carried out in 500 mL Erlenmeyer flasks in 100 mL 

TSB, and the bacteria were incubated at 260C. 

The growth area contained the research elements 

with the following concentrations: Zn -1 μg/mL, Cr 

– 7 μg/mL. In 1 flask we had a pure bacterial 

sample (control), in 3 flasks we added a solution of 

Si in the form of sodium silicate (Na2SiO3∙9H2O) 

as follows: in 1 flask we added 1 mL, in the second 

4 mL, and in the third 16 mL so that the 

concentration of Si in the growth, medium made up 

50, 200, and 800 μg/mL, respectively. Bacteria 

were cultivated for 17, 24, 48, 96, and 144 hours. 

After cultivation, we pelleted the cells by 

centrifugation (3000 rpm, 10 min, 00C), decanted 

the supernatant, and washed the residual bacterial 

sediment with sterile, distilled water. The bacterial 

pellet was washed and centrifuged twice. We dried 

the obtained biomasses with a low-temperature 

lyophilizer and weighed their total masses. From 

the total amount of bacterial pellets, we took the 

necessary amount for analysis, weighed it (≈30 

mg), and placed it in test tubes. In order to convert 

the samples into a liquid state, we added 

concentrated nitric acid (1 mL) to the test tubes, 
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heated them, and after completing the ashing 

procedure, diluted with bidistillate water up to 10 

mL. We analyzed the zinc and chromium content of 

the obtained samples by atomic absorption 

spectrometer (Analyst 800). The acetylene-air 

flame was used. 

 

 

 

 

Results and discussions 

The process of assimilation of Zn and Cr by 

bacteria and the influence of Si ions on this process 

were studied. We studied a total of 20 samples: 1-5 

were controls, in samples 6-10, the concentration of 

Si in the growth medium was 50 μg/mL, in samples 

11-15 it is 200 μg/mL, and in samples 16-20 it is 

800 μg/mL in 

The atomic absorption spectroscopy measurement 

results are given in Fig. 2 and 3. 

 

 
Figure. 1.  The Effect of different concentrations of silicium ions on the biomass of bacteria according to 

time. 

 

According to Fig.1, it can be seen that during the 

first 48 hours of bacterial growth, their mass is 

minimal (≈5 mg), at an increased concentration of 

Si ions in the nutrient area (800 μg/mL). In samples 

19 and 20, the bacterial mass increases and reaches 

a maximum value up to 256 mg. As shown in Fig. 

2 we can see that the concentration of Zn in 

Arthrobacter globiformis 151B is minimal ≈at 110 

μg/g, in sample 7 (red, round dots), when the 

concentration of Si in the nutrient medium is 50 

μg/mL. At the concentration of 200 μg/mL of  

silicon in the growth medium, Zn absorption by 

bacteria increases relatively. The maximum value 

of ≈378 μg/g is obtained in sample 18 (pink dots, 

inverted triangles) when the concentration of Si 

solution in the growth medium is 800 μg/mL. 

Figure 3 shows that the concentration of Cr in 

Arthrobacter globiformis 151B is minimal (≈710 

g/g), in sample 7 (red, round dots), when the 

concentration of Si in the nutrient medium is 50 

g/mL. It should also be noted that at the 

concentration of 50 and 200 g/mL of silicon in the 

nutrient area, the absorption of Cr by bacteria is 

significantly reduced. In samples 6-15, it varies 

between ≈770-2032 g/g, which is lower than the 

control samples. The maximum value of ≈5033 

g/g concentration of Cr was taken in sample 17 

(pink dots, inverted triangles) when the Si 

concentration in the growth medium was 800 

g/mL. 
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Conclusions 

Based on the results obtained from the conducted 

experiment, it can be said, that the increased 

concentration of Si ions in the nutrient medium 

promotes the assimilation of Zn and Cr by 

Arthrobacter globiformis 151B during the first 48 

hours of bacterial growth. It should be noted that 

the mentioned bacteria absorb chromium in a much 

larger amount compared to zinc. The increased 

concentration of Si ions (800 μg/mL) in the growth 

medium inhibits the growth and development of 

Arthrobacter globiformis 151B during the first 48 

hours. At the next stage of bacterial growth, it helps 

and significantly increases the biomass of bacteria. 
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