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ABSTRACT 

The most common sources of cadmium are volcanic, biological and anthropogenic processes such as 

industry, manufacturing, metallurgy and fertilizer use. In Colombia, there is evidence that cadmium is 
introduced into the soil by the use of agrochemicals in agriculture, contact with waste water, the use of 

irrigation water containing this element or by the deposition on the surface of wet and dry particles that are 

carried by the air from industrial processes. This metal can be absorbed by plants in contaminated soils and 
its incorporation into the food chain, which motivated this study to isolate rhizospheric bacteria; to evaluate 

in vitro the capacity of these bacteria to tolerate different cadmium concentrations and the capacity to 

produce the enzyme 1-aminocyclopropane-1-carboxylic acid deaminase (ACC) in vitro. The cadmium 
values in the rhizosphere were 0.95 ± 2.21 mg/kg and, according to international reference values, 

correspond to soils in the highly toxic category. The results of the in vitro bacterial tolerance test showed 

that the maximum tolerance capacity was 500 ppm Cd. Furthermore, these morphotypes showed qualitative 

siderophore production activity. The results of the identification by sequencing of the 16S DNAr gene 
showed high homology with the bacterium Burkholderia cepacia, which according to several studies 

corresponds to a bacterium with the capacity to produce different heavy metals such as cadmium and lead 

and the capacity to promote growth in plant species that grow in environments contaminated with these 

metals. 
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1. INTRODUCTION 

According to Esquivel et al. (2013), the activity of 

1-aminocyclopropane-1-carboxylic acid (ACC) 
deaminase enzyme or ACC deaminase is a 

mechanism used by some plant growth-promoting 

bacteria (PGPR) to promote the growth of plants 

influenced by environmental stress, which brings 

them two important advantages: decreasing 
ethylene concentrations in the plant and increasing 

the availability of ammonium in the rhizosphere. 

Thus, the activity of the ACC deaminase enzyme 
improves plant nutrition and resistance to stress 

factors. Plant-associated rhizospheric bacteria 

play a fundamental role in the adaptation and 

defenses, contributing significantly to sustainable 
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agriculture and its commercialization through 

cleaner technologies that help to conserve 
resources. Several studies infer that plant-

associated rhizospheric bacteria play an important 

role in increasing plant biomass, carbohydrate and 

protein content, photosynthetic pigments, 
modulation of metabolite expression, and 

modulation of metabolite expression over 

exogenous hormones applied to improve traits 
associated with low yields caused by stress 

(Beneduzi et al., 2008).  

Many of the bacteria are known as plant growth 

promoting rhizobacteria (PGPR) which includes 
bacteria belonging to genera Acinetobacter, 

Agrobacterium, Arthobacter, Azotobacter, 

Azospirillum, Burkholderia, Bradyrhizobium, 

Rhizobium, Frankia, Serratia, Thiobacillus, 
Pseudomonads and Bacillus (Velasco et al., 2020) 

the interactions established between root-

rhizosphere and rhizobacteria have evolved over 
time in which the parties involved have developed 

abilities that allow for adaptive capacity (Velasco 

et al., 2020). The processes of colonization and 

stimulation by rhizobacteria are subject to host 
recognition mechanisms and molecular signaling 

processes between bacteria and host plant 

(Esquivel et al., 2013).  

When a plant species comes into contact with 
toxic compounds (heavy metals), it produces a 

high concentration of endogenous ethylene. 

Ethylene is an essential hormone that is naturally 
produced in plants for the growth and senescence 

of plants, flowers and fruits, it is produced 

endogenously which induces important 

physiological changes in the plant, as it serves as 
a signaling molecule that activates the 

transcription of several genes that are associated 

with reproductive success and organ longevity, 
regulating the lifespan of plants (Belimov et al., 

2005). 

However, when the plant is drastically exposed to 

abiotic stress conditions ethylene levels increase 

having a detrimental effect on the plant (Etesami 
et al., 2015; Jha & Saraf, 2015). Rhizospheric 

bacteria have been reported to produce the 

microbial derived enzyme 1-amino cyclopropane-
carboxylate deaminase (ACC), which is key in the 

metabolism of α-ketobutyrate and ammonia, 

thereby decreasing high ethylene levels in host 

plants and providing resistance to various stresses 

(Glick, 2014). This hormone is widely distributed 
in the general Achromobacter sp, Alcaligenes sp, 

Azospirillum sp, Bacillus sp, Burkholderia sp 

(Onofre-Lemus et al., 2009), Rhizobium, 

Rhodococcus; as well as Klepsiella oxytoca, 
Methylobacterium fujisawaense, Pseudomonas 

putida and Sinorhizobium meliloti (Jorquera et al., 

2012). Study by Pramanik et al. (2018) reports 
rhizobacteria capable of resisting heavy metals 

(cadmium, lead, arsenic, nickel and mercury) by 

promoting plant growth through phosphate 
solubilization, IAA production, ACC deaminase 

and nitrogen fixation. 

Among the metals, cadmium (Cd) is of great 

importance due to its strong impact on human 

health (Jarup, 2003; Weisberg et al., 2003), as it 
causes damage to vital biological activities that 

can be irreversible in different organisms (Tietzel 

and Parsek 2003). For example, Cd2
+ causes 

severe lung, kidney and bone damage (Sinott, 

2001), as well as damage to the nervous system 

(Navarro et al., 2006), and causes carcinogenic, 

embryotoxic, teratogenic and mutagenic effects 
(Majumder et al., 2003). Based on the above, the 

present study was carried out to evaluate in vitro 

the production of 1-aminocyclopropane-1-
carboxylic acid deaminase (ACC) by rhizospheric 

bacteria with the ability to tolerate high 

concentrations of cadmium in the form of CdCl2. 

 

2. MATERIALS AND METHODS 

2.1 Cadmium concentration in soil and plant 

samples. To determine the total cadmium by 

tissues, 0.5 g of dry material was taken and an 
acidic HNO3/H2O2 mixture (5+2 mL) was added 

to it. On the other hand, 0.5 g of previously dried 

soil was taken and 10 mL of 65% HNO3 was 

added. Both soil and plant samples were processed 
in a Milestone ETHOS TOUCH 127697 series 

microwave oven and total cadmium was analyzed 

by cold vapor atomic absorption 
spectrophotometry according to procedures 

described in [20]. 

2.2 Isolation of rhizospheric bacteria. Ten g of 

rhizospheric soil were dissolved in 90 ml of 
sterilized water in an Erlenmeyer of 250 ml 

volume were shaken for approximately 2 hours by 
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120 rpm, after this time dilutions of 10-1 to 10-10 

were prepared, in which 0.1 mL (100 μL) of each 
dilution was inoculated in three replicates on the 

surface of the following semi-specific culture 

media for each group of rhizobacteria proposed by 

Argüello-Navarro et al, al (2016) as follows: a) 
NFb (semi-specific for Azospirillum spp); b) JMV 

(semi-specific for Burkholderia spp); c) LGI 

(semi-specific for Gluconacetobacter spp); d) 
JNFb (semi-specific for Herbaspirillum spp) and 

King B Agar (semi-specific for Pseudomonas 

spp.). 

2.3 In vitro remediation tests. Tolerance of 
rhizospheric bacteria to different concentrations of 

CdCl2 will be performed in tris-MMT minimal 

medium (Rathnayake et al., 2013). The initial 

concentration of Cd and as used in the present 
study will be 10 mg/L and from these, metal 

concentrations up to 500 MG/mL were prepared. 

Aliquots of log-phase rhizospheric bacterial 
suspensions were inoculated onto MMT medium. 

MMT medium without CdCl2 and as was used as 

a control. The experiment was performed in 

triplicate, which was incubated in shaking at 150 
rpm at 32 °C for 120 hours (Zhang et al., 2011). 

Bacterial growth was determined by turbidimetry 

at 600 nm every hour for four days. 

2.4 In vitro activity of 1-aminocyclopropane-1-
carboxylic acid deaminase (ACC) enzyme. 

Stretch seeding was performed in Dworkin and 

Foster (DF) minimal medium (Belimov et al., 
2001, El- tarabily, 2008), supplemented with 0.3 

g/L 1-aminocyclopropane carboxylic acid (ACC) 

as the sole nitrogen source. Incubation was carried 

out for 5 days at 30°C. Boxes showing bacterial 
growth were considered as ACC deaminase 

producers (Andy et al., 2020). 

2.5 Identification of Cd-tolerant bacteria. 

Genomic DNA extraction was performed 
according to the protocol described by (Oliveira et 

al., 2013). Universal primers of the 16S rDNA 

region of the gene encoding the 16S rRNA small 

ribosomal subunit molecule were used to identify 
bacteria with Cd-tolerance activity. The specific 

primers used for each of the classes belonging to 

the bacterial domain (alpha, beta, gamma 
proteobacteria and Firmicutes) corresponded to 

those proposed by (Oliveira et al., 2013). The 

amplification products were sent for purification 
and sequencing to Macrogen Korea. Once the 

nucleotide sequences were obtained, the 

homologous sequences were searched against the 

sequences stored in the National Center for 
Biotechnology Information (NCBI) database. 

Base alignment was performed with Clustal W 

software and analysis and correction with Mega 
4.0. (Tamura et al., 2007). Using the same 

programme, the method used to evaluate 

phylogenetic inferences was determined. 

 

3. RESULTADO Y DISCUSIÓN 

As for cadmium values per plant tissue, values 

ranging from 0.95 to 2.21 mg/kg of tissue were 

found (Figure1), with the highest amount of this 
metal found in the root (2.21 mg/kg) and the 

lowest in the fruit (0.95 mg/kg). At the 

international level for vegetables, the permitted 

values correspond to 0.05 - 0.5 mg/kg of tissue, 
which indicates that the values found in the 

different tissues are above those permitted at the 

international level according to the standard in 
force for each specific situation (Kabata and 

Pedia, 2001). 
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Figure 1. Cadmium concentration values per plant tissue. 

 

Figure 2 shows the activity of the enzyme 1-

aminocyclopropane-1-carboxylic acid deaminase 

(ACC) by the rhizospheric bacterium 

Burkholderia cepacia at a minimum Dworkin and 

Foster (DF). 

 

Figure 2. In vitro production of the enzyme 1-aminocyclopropane-1-carboxylic acid deaminase (ACC) by 

the rhizospheric bacterium Burkholderia cepacia at a minimum Dworkin and Foster (DF) (Belimov et al., 

2001, El- tarabily, 2008). 

 

Sequencing results from PCR product sequencing 

of the 16S DNAr gene using eubacterium-specific 

oligonucleotides identified Burkholderia cepacia 

as the species of rhizospheric bacteria with the 

highest cadmium tolerance capacity and was the 

species that showed in vitro production of the 
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enzyme. 1-aminocyclopropane-1-carboxylic acid 

deaminase (ACC). 

Figure 3 shows the growth curve of the 
rhizospheric bacterium Burkholderia cepacia at 

different concentrations of cadmium in the form of 

CdCl2. By evaluating the minimum and maximum 
growth at CdCl2, it was found that B. cepacea has 

the ability to tolerate different concentrations of 

CdCl2 between 100 and 500 ppm. 

 

 

Figure 3. Growth curve assay of B. cepacea in different concentrations of CdCl2. 

 

Figure 3 shows that B. cepacea showed tolerance 

up to 150 ppm up to 18 hours into the in vitro test 
compared to the control, while at concentrations 

of 200 to 500 ppm CdCl2 showed lower tolerance 

up to 17 hours into the experiment. 

Cadmium is a heavy metal that has a marked 

tendency to bioaccumulate in plants, causing 
imbalances in nutrition and water transport 

processes (Singh and Tewari, 2003). The ability of 

plants to capture cadmium is influenced by the 
concentration of the metal in the soil and its 

bioavailability, which depends on the presence of 

organic matter, pH, redox potential, temperature 

and the concentrations of other elements. In the 
case of cadmium, it competes with nutrients such 

as potassium (K), calcium (Ca), magnesium (Mg), 

iron (Fe), manganese (Mn), copper (Cu), zinc 
(Zn), nickel (Ni) by competing for the same carrier 

protein (Di Toppi et al., 1999). 

According to scientific reports, endophytic 

bacteria associated with copper-tolerant plants 
(Pantoea agglomerans Jp3-3 and Pseudomonas 

thivervalensis Y1-3-9) increase plant growth and 

copper accumulation of Brassica napus (Zhang et 

al., 2011). The genetically transformed bacterium 
Pseudomonas asplenii AC increases germination 

and plant growth of reed (Phragmites australis, 

Poaceae) plants in the presence of copper and 
aromatic hydrocarbons such as creosote, an 

important fact for phytoremediation because reed 

is a plant traditionally used to purify wastewater 
as it is tolerant to heavy metals (Reed et al., 2005). 

Transgenic tomato plants expressing the enzyme 

ACC deaminase (controlled by the PRB-1b 

promoter) can accumulate a large amount of metal 
within the plant tissue and decrease the deleterious 

effect of heavy metals such as Cd, Co, Cu, Mg, Ni, 
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Pb or Zn on plant development compared to non-

transgenic plants (Grichko et al., 2000). 

Several studies concerning the use of bacteria that 
in association with plants can resist heavy metals 

such as cadmium, have contributed to the selection 

of different strains capable of carrying out this 

activity, some of them are Bacillus subtilis (Zaidi 
et al., 2006), Pseudomonas aeruginosa (Ganesan, 

2008), Burkholderia cepacia (Li et al., 2007), 

Brevibacterium halotolerans (Abou et al., 2006), 
Bradyrhizobium sp., Pseudomonas sp., 

Ochrobactrum cytisi (Dary et al., 2010), 

Pseudomonas fluorescens ACC9 (Dell'Amico et 
al., 2008). Madhaiyan and Poonguzhali (2007), 

showed that the bacterium Burkholderia sp 

reduces the accumulation of cadmium and lead in 

roots and shoots of tomato seedlings as well as the 
metal available in the soil and this is due to the 

uptake and bioaccumulation of the metal by the 

bacterium. 

Rhizospheric bacteria are able to enhance plant 
growth by several mechanisms including: 

siderophore production, 1-aminocyclopropane-1-

carboxylic deaminase (ACC), indole-3-acetic acid 

(IAA) and phosphate (P) solubilisation and 
nitrogen fixation (Rajkumar et al., 2009; Estrada 

et al., 2002; Dutta and Gachhui, 2006; Dawwam 

et al., 2013). 

On the other hand, in vitro studies on bacterial 
resistance to cadmium (Cd) showed that bacterial 

species of the Burkholderia sp. group possess the 

ability to solubilize in vitro metals such as Pb and 

Cd in different concentrations and to accumulate 
these two metals in maize and tomato plant 

tissues, and the subsequent stimulation of the 

growth of these plants in vivo (Chun et al., 2008). 
The genus of Burkholderia bacteria represents a 

group of eighteen related species that are currently 

of interest because of their extraordinary 
versatility as plant pathogens, saprophytes, 

biocontrol agents, bioremediation and human 

pathogens. These bacteria are naturally abundant 

in soil, water and on the surface of different plant 
species, and have the ability to metabolize a wide 

range of organic compounds as a source of carbon 

and energy. 

 

 

4. CONCLUSION 

 The results of the identification showed a high 

homology with the bacterium Burkholderia 

cepacia, which according to several studies 

corresponds to a bacterium with the capacity to 
grow in different environments contaminated with 

heavy metals such as cadmium and lead, it also has 

the capacity to promote growth in plant species 
that grow in environments contaminated with 

these metals, and possibly the tolerance to 

different concentrations of cadmium is due to the 

presence of the enzyme 1-aminocyclopropane-1-

carboxylic acid deaminase (ACC). 
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