
 

 

Background 

Heavy metal contamination in soil and drinking water is a worldwide problem that affects many 

countries. Northern Chile’s naturally high content of arsenic in soil and water has notoriously 

increased due to mining activities. In consequence, natural water can now reach a level of arsenic 

over 600μg/L. The WHO sets the limit for arsenic levels in drinking water at 10 μg/L. In such desert 

conditions, many agricultural communities are therefore continually exposed to heavy metal 

pollution, as they use natural water to sustain their crops, raise cattle, or produce dairy goods.  

Fortunately, certain marine microorganisms can convert arsenic into organoarsenics like 

Arsenobetaine, a compound innocuous for humans and animals. The application of bioremediation 

strategies based on local microorganisms is an affordable proposal to produce safe and healthy 

agricultural products, as well as probiotics that can prevent heavy metal intoxication by farm animals.  

At the same time, Ecuador faces cadmium toxicity in many agricultural soils, due to their volcanic 

nature. Cadmium contamination affects directly the production of a number of commodities such as 

cocoa. Cocoa is Ecuador's fourth main export commodity, besides petroleum. The main crop areas 

dedicated to cocoa production are lowlands, close to the coastal line and the eastern side. In these 

soils, the total cadmium average is 0.44 mg/kg, which is typical of young and non-polluted soil. 

However, recent analyses have shown that cocoa plants have a high capacity of cadmium uptake. The 

metal remains in beans at concentrations over 0.60 mg/kg, beyond the threshold established by 

international standards to assure a safe food product. For that reason, some cocoa shipments sent to 

European countries have been rejected, severely affecting the national economy. Usual mitigation 

measures consist in the use of cadmium-free fertilizers and pesticides and/or the application of 

treatments to modify soil properties. The use of genetically improved cocoa trees to reduce cadmium 

accumulation could be another alternative, but this solution still needs to be properly investigated and 

is not readily available.  

This Project proposes to use another methodology, based on heavy metal resistant bacteria as an 

efficient alternative to reduce cadmium concentration in agricultural soils. Bacteria isolated from 

polluted sediments have the potential to remove soluble cadmium using adsorption, uptake, and 

immobilization, using metallothionein proteins that reduce the concentrations of soluble cadmium 

ions inside the cells. 

Rationale 

This Project seeks to take advantage of the properties described above to produce biotechnology that 

prevents human populations from consuming drink water or food contaminated with arsenic or 

cadmium. It will therefore contribute to solving local problems related to heavy metal pollution, thus 

generating multiple scientific, environmental, social and economic benefits. It will also represent the 

beginning of a research line seeking to express these metabolic pathways in probiotic or bioremedial 

bacterium to protect plant, animal or the environment against this arsenic or cadmium pollution.  
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Dr. Erwin Strahsburger at Universidad de Atacama and Dr. Jose Antonio Castillo at Yachay Tech 

have been working together on analyzing the genome of B. safensis RP10 to unveil the evolution of 

the genes associated with arsenic resistance. Another bacteria strain, Exiguobacterium aurantiacum 

PN47, was isolated from a salty pond located in the high mountains. The genome of both strains was 

sequenced, in collaboration with the Fraunhofer Chile Research Center, which led to the identification 

of several mechanisms to resist arsenic and cadmium.  

This collaborative work, based on bioinformatics tools provided by third parties, is complementary 

to the proposed research plan, which seeks to install and apply cutting-edge technology like the 

Nanopore technology in both institutions, with the support of the Center for Genomic Regulation and 

the University of Chile. The genomics and bioinformatics thus developed will be applied to other 

native bacteria, with a view to identifying the metabolic pathways related to arsenic and cadmium 

resistance and the confirmation of their potential application in soil bioremediation or probiotic 

production. 

Additionally, this joint research project and exchange of scientific data will contribute to training 

laboratory personnel of both institutions in developing relevant technology to reduce water/soil 

contamination. The Project will therefore strengthen the scientific relationship between the 

participating institutions, thus opening the opportunity to apply for further funding to continue this 

type of research in the future. This project Proposal is sponsored by the Center for Genomic 

Regulation, a Chilean scientific consortium that participates in an international network for genomics, 

and that will support future funding applications for this kind of research. 

Goal and Objectives 

The goal of this Project is to foster long-term cooperation between Universidad de Atacama (UDA, 

Chile), Universidad Yachay Tech (Ecuador) and the University of Chile (Chile) on the analysis of the 

properties of targeted microorganisms to decrease levels of arsenic and cadmium in soil and/or water, 

with a view to producing biotechnology able to reduce risks associated with human populations 

consuming contaminated food and/or water. 

The immediate objectives to which the small-scale funding contributes are as follows: 

• Objective 1: To isolate bacteria resistant to arsenic or cadmium, i.e., having the ability to 

accumulate them or convert them into nontoxic compounds. 

• Objective 2: To implement Nanopore sequencing technology and related bioinformatics tools 

in the partner universities. 

• Objective 3: To sequence the genomes of the 20 most promising bacteria strains based on 

observed results in terms of resistance to arsenic and/or cadmium. 

Activities 

The activities to be carried out by UDA, in collaboration with partners and with the support provided 

under this Agreement are the following: 

• Activity 1: Genome sequencing of selected strains. Genome sequencing activities will be 

undertaken in two steps: firstly, the genome sequencing of strains already available from cell 

collections in the project countries and, secondly, the genome sequencing of isolated strains 

arising from the sample collection described below under activity 3. The genomic DNA will 

be isolated using a commercial kit (Qiagen or from other company) and the genome library 

and sequencing will be implemented according to the kit provided by Oxford Nanopore 



 

technologies (UK). After the genome assembly and functional annotation, bioinformatics 

tools will be used to describe arsenic and cadmium metabolic pathways. This technology will 

set up a massive genomic sequencing service for the first time in both Universities, Yachay 

Tech and UDA. The genome data will be submitted to a public databank like the National 

Biotechnology Center of Information (NCBI) and for publication in a related journal like 

Microbial Resource Announcements journal belong to the American Society of 

Microbiology. 

• Activity 2: Due diligence and acquisition of necessary permits: the laboratory research work 

to be conducted on the samples that are collected in field, as well as on other relevant 

environmental strains already available in the labs in Chile, only involves fundamental, non-

commercial research, including the sequencing and genomic analysis of such materials. The 

collected samples will not be exported, and their analysis will be conducted locally by the 

project partners in each country respectively. Permits concerning the onsite field collections 

in Ecuador and Chile will be acquired, as necessary. Appropriate due diligence will be 

conducted to ensure that the non-commercial research and utilization of genetic resources in 

the collected samples, which may be subject to requirements on access to genetic resources 

and benefit sharing (ABS), is carried out in compliance with such applicable requirements 

and that relevant ABS permits are applied for as prescribed. 

• Activity 3: Sample collection. Benthonic sediments will be collected at a depth of 5-10 m into 

the ocean in front of Loa River, Tarapaca region, Chile. In parallel, sediments from cocoa 

agricultural soils will be collected in central Ecuador. Utilization of genetic resources in the 

collected samples shall be subject to the applicable requirements on access to genetic 

resources and benefit sharing. 

• Activity 4: Isolation of bacteria resistant to arsenic trioxide (ATO) or cadmium acetate 

(CdA). The sediment and/or soil will be shaken in sterile artificial marine water or saline 

solution, then deposited in agar plates with media supplemented with ATO or CdA. Grown 

colonies will be collected and cultured in absence of arsenic or cadmium and stored as 

backup. 

• Activity 5: Testing the arsenic/cadmium absorption or bioconversion. Bacteria cultured with 

50 mM of ATO or 1 mM of CdA in marine/saline medium broth for 24 hours will be 

centrifuged and the supernatant filtered. A 10 μl supernatant aliquot will be deposited over 

an agar plate with LB medium previously inoculated with Escherichia coli Nissle strain 1917, 

a sensitive bacterium. After 24 hours of incubation at 37C, if the deposited drop (10 μl) shows 

an inhibitory halo, the filtered solution is toxic. If it doesn’t show an inhibitory halo, there is 

a high probability that the strain accumulates arsenic or cadmium, or has bioconverted them 

in other, less toxic forms. To identify these less toxic compounds, we will use an external 

service that provides Liquid Chromatography-Inductively Coupled Plasma Mass 

Spectrometry (LC-ICP-MS) analysis, or alternative methods like Scanning electron 

microscopy-energy dispersive X-ray spectrometer (SEM-EDX) analysis, to confirm the 

bioconversion or bioabsorption. 

Planned Outputs  

The expected outputs are as follows: 

• Output 1: Identification of the arsenic/cadmium resistance mechanisms in the isolated 

bacteria, with at least 20 bacterial strains fully sequenced and analyzed. 



 

• Output 2: A draft scientific report written cooperatively among all involved scientists with 

the view to publishing it in an international journal. The draft scientific report will be 

accompanied by a short summary of the research results to increase visibility on the Project. 

• Output 3: Evidence of due diligence and compliance with applicable regulatory requirements. 

• Output 4: Collection of at least 5 samples from marine sediments or agricultural soil and 

stored at -80°C in both participating universities. 

• Output 5: Isolation of at least 50 different bacterial colonies resistant to ATO and CdA. 

• Output 6: Evaluation of arsenic and cadmium bioabsorption or bioconversion to another 

chemical specie with reduced toxicity. 

• Output 7: Series of bacterial strains able to reduce arsenic and/or cadmium toxicity by 

bioconversion or bio-absorption. 

Expected Outcomes 

The expected outcomes are as follows: 

• Outcome 1: Genome sequencing technology is implemented in the two partner universities 

in Chile and Ecuador, where the resource currently does not exist, opening a new research 

field for both institutions. 

• Outcome 2: Identification of genetically encoded Arsenic/cadmium resistance mechanisms 

on those isolated bacteria with its genomes sequenced. 

• Outcome 3: Novel scientific information is available for its use in a future research and grant 

applications. 

Schedule of Activities 

Dates Activity Brief Description 

June-November 2021  Activity 1 Sequencing and bioinformatic analysis of the genome 

of selected strains  

June-July 2021 Activity 2 Due diligence and acquisition of necessary permits 

June-July 2021 Activity 3 Sample collection  

July-August 2021 Activity 4 Isolation of bacteria resistant to arsenic trioxide 

(ATO) or cadmium acetate (CdA) 

August-October 2021 Activity 5 Testing the arsenic/cadmium absorption or 

bioconversion  

Management and Coordination 

The lead institution is UDA. Project management will be placed under the responsibility of Dr. 

Strahsburger, with the oversight of the Direction of Research of Universidad de Atacama. In order to 

monitor progress, scientific reports will be produced and submitted to the Research Direction after 

achieving each objective. The Direction will also supervise all financial and administrative 

procedures, including the preparation of the final expenditure report after the completion of all 

activities. 



 

An online platform will be created to foster communication and monitoring progress and stakeholder 

participation. Communication will be either face-to-face or by virtual meetings. 

Roles and Responsibilities of the Technical and Scientific Cooperation Partners 

Under the leadership of UDA, the activities of this Project will involve the following institutions: 

UDA, Universidad Yachay Tech (Ecuador) and the University of Chile (Chile). 

Cooperation will be carried out along the following lines: 

• UDA (Chile): 

o Collect of benthonic sediments in Chile. 

o Isolate and select bacterial strain able of reduce the toxicity of ATO or CdA. 

o Conduct the genomic DNA isolation of best strains for use in Arsenic or Cadmiun 

bioremediation. 

o Coordinate the buying of two Nanopore Sequencers, one of them for Yachay Tech 

University. 

o Coordinate the visit of two members of the laboratory at INTA, Universidad de Chile, to 

UDA in Copiapo City, Chile, with the purpose of conducting a training on the use of the 

Nanopore sequencer and bioinformatic tools for genome analysis. 

o Coordinate the visit of the Project’s counterpart from Ecuador to UDA in Copiapo City, 

Chile, with the purpose of being trained for the use of the Nanopore sequencer and 

bioinformatic tools for genome analysis. 

• Universidad Yachay Tech (Ecuador): 

o Collect agricultural soil samples from central Ecuador. 

o Isolate and select bacterial strain able of reduce the toxicity of CdA. 

o Send these strains to the laboratory at UDA for DNA genomic isolation.   

o Visit UDA in Copiapo City, Chile, with the purpose of being trained in the use of the 

Nanopore sequencer and bioinformatic tools for genome analysis. 

• Center for Genome Regulation, University of Chile (Chile):  

o Supervise the best choice and procedure to buy the Nanopore sequencer from Oxford 

Nanopore Technology Company, UK. 

o Introduce and include the Project’s counterpart from Ecuador in the network of the Center 

for Genome Regulation. 

• INTA, University of Chile (Chile):  

o Supervise and deliver training in the overall process of bacterial genome sequencing, 

from the selection of the best kits for genomic DNA isolation to the use of the Nanopore 

sequencer and the ensuing analysis with bioinformatic tools. 

o Visit UDA in Copiapo City, Chile, with the purpose of training the project partners for 

the appropriate use of the Nanopore sequencer and bioinformatic tools for genome 

analysis. 



 

Technology Provider 

In order to remove the current expertise barriers, this Project will install the Nanopore technology in 

the laboratories of UDA and Universidad Yachay Tech to promote the development of genomics and 

bioinformatics. The identified candidate technology provider is Oxford Nanopore Technologies 

(UK). If selected, the company would provide DNA sequencing technology through diverse 

equipment according to the requirements of the samples to be analyzed and the size of the genomes 

for sequencing. The Nanopore technology allows to sequence long reads of approximately 1,500 pb 

with devices that starting at U$1,000 dollars. 


