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Abstract: The role of Na on the Zn uptake by Arthrobacter globiformis 151B has been studied. Arthrobacter, that are known 
as chrome resistant bacteria, can be used for detoxification of high toxic Cr(VI) in polluted environment. The studied bacterial 
strain was isolated from basalt samples, taken in Georgia – Kazreti sampling sites that are highly contaminated with Cr(VI). 
The bacterial strains were cultivated for various period of time (17, 24, 48, 96 and 144 hours). The Na concentration in the 
growth media was fixed as 2.0, 3.5, 6.5 and 9.5 mg/ml. The cultivated bacterial samples were prepared for further analysis 
for Zn content. The measurements were conducted using with atomic absorption spectrophotometer. The obtained results 
suggest that rise of Zn uptake by Arthrobacter globiformis 151B is facilitated by high Na concentration in the initial stage of 
bacterial growth. 
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1 Introduction 

Heavy metals that are found with high concentration in 
nutrient enriched environment belong to systemic toxicants. 
They can induce multiple organ damage, sometimes even at 
lower levels of exposure. Increased concentration of the 
significant and essential elements of Zn, Ni, Cu, etc. have 
toxic and cancerogenic effect on the living processes. The 
most of microorganisms in the polluted environment have 
adopted the different mechanism to avoid the toxic effect of 
the heavy metals [1–3]. Arthrobacter can detoxify chrome 
ions by reducing or accumulate them inside the cell. Further 
studies suggested that reduction of Cr(VI) is progressed on 
the cell wall [4]. The Zn(II) ion role in this process has also 
a significant role to increase Cr accumulation and reduction 
[5]. 
The latest studies have been demonstrated that many well 
investigated bacteria loses its physiological activity in the 
polluted environment. The most microorganism are also 
unable to adapt the high concentration of metals in the 
environment. Therefore, the bacteria in our studies was 
isolated from the polluted soil, mineral rocks, water [6–8]. 

Arthrobacter (Arthrobacter oxydans, Arthrobacter 
globiformis 151B, and Arthrobacter oxydans 61B) are 
habitants of soil bacteria and have great potential to be 
involved in the environmental restoration [9]. The most of 
Arthrobacter are resistant against heavy metals [10–12]. 
They can uptake various chemical elements such as Cr, Zn, 
Cu and etc. [13]. The adsorbed chemical elements participate 
in the biochemical processes of the bacteria. The studies 
revealed the bacterial strains can also perform reduction of 
the adsorbed Cr(VI) to Cr(III) [14]. 
Presumable the intracellular uptake ability of Cr, Cu and Zn 
by bacteria can be changed by the joint action of these metals 
with some macroelements like Na, K, Mg, etc. 
Our studies address the influence of the most prevalent 
macroelement sodium (Na) on zinc (Zn) uptake by the 
Arthrobacter strain. Even though the concentration of 
microelement zinc is low in the living organism, it has 
significant function in cell living processes. Zinc is crucial 
for normal functioning of immune systems, brain and 
nervous system. Zinc is important for hair, skin and nails, for 
development of reproduction system. 
 

 
 

      Journal of Pharmaceutical and Applied Chemistry 
                         An International Journal 



68                                                                                                       A. N. Rcheulishvili et al.: Influence of Na on Zn uptake by … 
 

 
 
© 2019 NSP 
Natural Sciences Publishing Cor. 
 

2 Materials and Methods 
 

The studying object Arthrobacter species, Arthrobacter 
globiformis 151B, was isolated from the heavy metal 
polluted basalts from Kazreti region (Georgia) [15]. 
Arthrobacter is gram positive, obligates aerobes. Colonies of 
Arthrobacter globiformis 151B are white-cream in their 
coloration, coccoid, with unusual bulbous protuberances. Its 
growth phases follow shape of coccus – rod - coccus (Figure 
1). After 15–17h of incubation, it is rod, but after 18–24h it 
is gradually transformed to coccoid shape. It does not 
produce spores, is immotile and unstable in the acidic 
environment. The optimal temperature for bacterial growth 
is 20–28°C. 
The studying samples were processed with the following 
Experimental procedure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 Results 
 
The studies addressed Zn assimilation process by the 
bacteria and Na ions effect on this process. The visualization 
of this dependence is shown on the Figure 2. The results 
indicates at low concentration of Na (3.5mg/ml) Zn uptake 
by the bacteria is slowed down, while high concentration of 
Na (6.5mg/ml) in the growth media stimulates the Zn uptake 
by the bacteria. Zn uptake is intensively progressed during 
first 17h of incubation. After it, Zn is eliminated from the 
bacterial cell. Zn concentration inside the cell is minimal 
during the following 7h of incubation. After it Zn 
concentration increases and reaches the same value gained 
after first 17h cultivation (≈220µg/g). The maximum value 
of Zn concentration reached after 17h incubation(400µg/g) 
with the presence of high Na concentration (of 9.5mg/mL) 
in the growth media. 
Zn concentration is decreased after 24h of cultivation, 

The bacterial strains were incubated in 100mL liquid nutrient 
medium – TSB (Tryptic Soy Broth), included 2.0mg/ml Na 
concentration and 1µg/ml Zn. NaCl solution was used to 
increase Na concentration in some samples up to 3.5, 6.5 and 
9.5 mg/ml. The bacterial strains were grown for 17, 24, 48, 
96 and 144 hours. After cultivation, the bacterial suspension 
was centrifuged (3000 rpm, 10 min, 0°C), the pellet was 
washed with distilled water, was dried with freeze drying at 
a lyophilisator. 30 µg of the dry samples was liquidized with 
1mL concentrated nitric acid, warmed up to complete ashing 
and was diluted with bidistilled water. 
The samples were tested for metal content with atomic 
absorption spectrophotometer (an acetylene–air flame). The 
measurements were taken with an atomic absorption 
spectrometer “Analyst–800”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
afterwards the tendency of Zn concentration increases is 
observed. The samples incubated 96 and 144 hours had same 
Zn concentration (≈150µg/g) as the sample cultivated for 
24h. Additionally, Zn concentration is minimal after 24h 
incubation for all the concentration of Na. 
The dependence of bacterial biomass (M) on cultivation time 
(T) is presented of Figure 3. The biomass of the bacteria is 
increased after applying the additional three different values 
of Na concentration. The biomass concentration is high after 
24h incubation, is decreased after 48 hours incubation, but is 
increased again after 96 and 144hours incubation. The 
bacterial biomass is ≈190 mg in the sample, when the media 
contains 6.5mg/ml Na concentration.   
The obtained results indicates that Zn concentration during 
the high bacterial biomass is low. The samples with all Na 
concentration after 24h incubation have bacterial biomass 
103, 160, 132, and 142 mg, while Zn concentrations in the 

  

  
 

                                            (b) 
Fig. 1: Arthrobacter oxydans bacterial cells: (a) growth stationary phase and (b) growth exponential phase. 
Images are obtained with fluorescence microscopy. 
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same samples are very low: correspondingly, 56, 97, 85, and 
157µg/g. Therefore, the bacterial biomass and Zn 
concentrations are dependent on each other: when the 
bacterial biomass is increased, Zn uptake process is slowed 
down. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The dependence of Zn on Na concentration in the nutrient  
medium is showed on the Figure 4. As the Figure 4 
demonstrates that increase of Na concentration stimulates 
the Zn assimilation process by Arthrobacter globiformis 
151B bacteria. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Dependence between Zn concentration (C) and cultivation time (T) of Arthrobacter globiformis 151B bacteria 
at presence of various Na concentrations in media. 
 

 
 

Fig. 3: Dependence of bacterial biomass M (mg) on bacterial cultivation time T (h). 
 
 

 
 

Fig. 4: Dependence of Zn on Na concentration in growth media. Na concentration in media is 2.0, 3.5, 6.5, and 
9.5mg/ml. 
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3 Conclusions 
 

The experimental data indicates Na content has a significant 
role in Zn uptake. The increase of Na concentration in the 
growth media stimulates Zn uptake by Arthrobacter 
globiformis 151B, especially in the initial stage of bacterial 
growth. 
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