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ABSTRACT 

Environmental contamination by cadmium has increased as a consequence of the increase in 

industrial activity that has taken place at the end of the 20th century and the beginning of the 21st 

century, progressively affecting different ecosystems and public health. The present study aimed to 

evaluate the efficiency of Bacillus cereus GU05811 to produce siderophores in the presence of 

different cadmium concentrations. The results infer the efficiency of this bacterium to produce 

siderophore at a concentration of 600 mg/L cadmium and it becomes a biological resource as a 

possible future use to contribute to reduce this metal in contaminated environments. 
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INTRODUCTION 

Heavy metals, such as lead (Pb), cadmium (Cd) and zinc (Zn), have gained global attention due to 

recent research linking them to health risks when contaminated food is consumed (De Los Santos et 

al., 2019). 

Soil remediation technology is based on physicochemical and biological approaches, the latter of 

which is called bioremediation because it uses the metabolic capabilities of living organisms such as 

bacteria and fungi to purify soil. The most commonly used bioremediation processes include 

adsorption, precipitation, leaching and evaporation of heavy metals (Hernández Caricio et al., 2022). 

Among the micro-organisms reported to be used in heavy metal bioremediation processes, bacteria 

are indicated as the main biological agents (Valls and De Lorenzo, 2002). These micro-organisms 

are a potential resource to enhance heavy metal phytoremediation. Various processes, such as 

methylation, sorption, leaching and precipitation, have the potential to increase or improve the rate 

of metal recovery in phytoremediation procedures (Ma et al., 2011; Rajkumar et al., 2012). 
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Among these strains, the genus Bacillus has been widely studied due to its high diversity and 

distribution in agricultural systems including soil, water and plants. Based on the above, it was 

proposed as a strategy to evaluate in vitro the ability of Bacillus cereus GU05811 strain to tolerate 

different cadmium concentrations. 

 

RESULTS AND DISCUSSION 

Strain used. The reference strain used was identified by sequencing technique as Bacillus cereus 

GU05811, isolated from soils contaminated with mercury and isolated from plant species Paspalum 

arundinaceum, which is stored in the genomic bank of the microbiological research laboratory of 

the University of Sucre. 

 

In vitro evaluation of cadmium tolerance of Bacillus cereus GU05811. The in vitro evaluation of 

the cadmium tolerance capacity was carried out using the protocol proposed by Pérez et al. Bacterial 

isolates were seeded on nutrient agar supplemented with CdCl2, at concentrations of 100, 200, 300, 

400, 400, 500, 600 mg/L; then, they were incubated at 32°C, for 120 hours, as suggested by 

(Sorkhoh et al. 2010). 

 

Siderophore production by Bacillus cereus GU05811. Siderophore production was evaluated on 

chromium azurol-S (CAS) medium proposed by Schwyny and Neilands (1987) and adjusted by 

Torres et al. (2019). Bacillus cereus GU05811 was inoculated from the growth of the strain grown 

on the surface of gar nutrient supplemented with different concentrations of cadmium and incubated 

for 7 days at 30°C. 

 

Molecular identification. Genomic DNA extraction and rRNA amplification with specific 

oligonucleotides for the bacterial domain of cadmium-tolerant bacteria was performed using the 

methodology proposed by Oliveira et al. (2013). The amplification products obtained were purified 

and sequenced at Macrogen Korea. The sequences obtained were compared with those stored in 

Genbank. Base alignment was performed in the Clustal w program, analysis and correction in the 

Mega 5 program, phylogenetic inferences were obtained by the maximum similarity method, based 

on the kimura-2-parameter model (Perez et al., 2016). 

 

RESULTS AND DISCUSSION 

The result of rRNA gene sequencing of endophytic bacteria resistant to mercury concentrations 

isolated from plant species according to the study carried out by Perez et al., (2016), on "Endophytic 

bacteria associated with the genera Cyperus and Paspalum in mercury-contaminated soils" is shown 

in figure 1. 
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Figure 1. Phylogenetic analysis of 16S rRNA gene of endophytic bacteria isolated from plant 

tissues grown in mercury-contaminated soils and which is part of the genome bank of the 

microbiological research laboratory of the University of Sucre. Source: Pérez et al., (2016). 

 

The maximum in vitro cadmium tolerance capacity of Bacillus cereus GU05811 was 800 mg/L and 

the siderophore production capacity was 600 mg/L as shown in figure 2. 

 

 
Figure 2. In vitro production of siderophore by Bacillus cereus GU05811 at different cadmium 

concentrations. 

 

Some bacteria produce and excrete siderophores which are iron complexing molecules, many of 

which have a high affinity for heavy metals, in Pseudomonas aeruginosa and Alcaligenes eutrophus 

the synthesis of siderophores is induced by heavy metals in the presence of high iron concentrations 

(Gilis et al, 1996).  On the other hand, some bacteria are capable of decreasing the solubility of 

metals and their mobility, reducing their phytotoxicity (Lasat, 2000), perhaps this characteristic is 

attributed to or related to the production of biosurfactants. 
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According to Luo et al. (2011), the tolerance to high concentrations of metals shown by endophytes 

isolated from plants growing in contaminated environments is due to the fact that they are adapted 

to living under conditions of constant metal stress. 

 

According to Rajendran et al, (2003), metals bind to the cell surface through mechanisms that 

include electrostatic interactions, Van de Waals forces, covalent bonding, redox interactions, 

extracellular precipitation or a combination of these processes; the negatively charged groups 

(carboxyl, hydroxyl and phosphoryl) of the bacterial cellular network adsorb the metal ions and 

these are retained. 

 

According to the evidence found, Bacillus has been reported as an endophytic bacterium, resistant to 

metals, such as cadmium, in association with the plant species Solanum nigrum (Luo et al. 2011) 

and nickel, in Oriza sativa (Pérez et al. 2015). 

 

On the other hand, work by Li et al. (2020), in evaluating the tolerance and removal of chromium by 

isolating two strains of Bacillus cereus, B. cereus D and 332, respectively, showed that B. cereus D 

achieved 87.8% removal of Cr(VI) over a 24-hour period, starting from an initial load of 2 mM 

Cr(VI). 

 

Bacillus cereus GU05811 is an endophytic bacterium isolated from roots of the plant species 

Paspalum arundinaceum adapted to soil with high mercury concentrations in soils of southern 

Bolivar in Colombia. Evidence from in vitro evaluation demonstrated the ability of this strain to 

tolerate up to 400 ppm of mercury in the form of HgCl2 (Perez et al., 2016). The evaluation carried 

out with this same bacterium also demonstrates its ability to tolerate up to 800 mg/L cadmium and 

produce siderophore up to 600 mg/L CdCl2. 

 

CONCLUSION 

By in vitro evaluation of the cadmium tolerance efficiency of Bacillus cereus GU05811, it was 

observed that this bacterium tolerates a maximum of 800 mg/L cadmium in the form of CdCl2 and is 

able to produce siderophore up to 600 mg/L in the presence of cadmium. 
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