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RESUMEN

El cadmio es un metal toxico presente en el medio ambiente, principalmente debido
a actividades industriales y agricolas. En el cacao, este metal puede acumularse
en los granos y exceder los limites permitidos establecidos por los mercados
internacionales, lo que representa un desafio para el Per(, ya que se limita la
exportacion hacia paises de la Unién Europea. Una de las estrategias mas
prometedoras para abordar esta problemética es el uso de microorganismos
capaces de resistir al cadmio. El objetivo de esta investigacion fue analizar la
comunidad bacteriana, aislar y caracterizar molecularmente bacterias presentes en
suelos de cultivos de cacao contaminados con cadmio en la region Amazonas. La
metodologia consistié en recolectar tres muestras de suelo de diferentes parcelas
de cacao para extraer ADN total, amplificando y secuenciando la region V4 del gen
16S rRNA. Para aislar bacterias resistentes al cadmio, se suplementaron medios
con CdCl, a concentraciones de 1,5 ppm, 350 ppm y 500 ppm y mediante PCR se
verifico la presencia de genes asociados a la resistencia de cadmio. Los resultados
revelaron una comunidad microbiana con los filos mas dominantes como
Proteobacteria (36.5%), Acidobacteriota (32.72%), Methylomirabilota (12.04%),
Verrucomicrobiota (14.18%) y Firmicutes (7.64%) en las tres muestras de suelo,
ademas 76 géneros comunes entre las tres muestras de suelo mencionando a
Pseudomonas, Rokubacteriales y Nitrospira. Se aislaron 26 bacterias expuestas a
concentraciones de cadmio, de las cuales 12 fueron identificadas como los géneros
Klebsiella, Escherichia, Pseudomonas, Burkholderia, Serratia, Enterobacter,
Bacterium y Bacillus, detectando la presencia del gen copA en Bacillus. El andlisis
de péptidos reveld 9 bacterias con proteinas involucradas en el operén cadA
(sistema clave para la tolerancia a cadmio de las bacterias), ademas las ATPasas
de tipo P que transloca cadmio y proteinas ligadas a otros metales. Estos resultados
revelan géneros bacterianos con potencial de biorremediacion de suelos

cacaoteros.

Palabras clave: Cadmio, caracterizacion molecular, cacao, aislamiento bacteriano,

proteémica, Amazonas
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ABSTRACT

Cadmium is a toxic metal present in the environment, mainly due to industrial and
agricultural activities. In cocoa, this metal can accumulate in the beans and exceed
the permitted limits established by international markets, which represents a
challenge for Peru, since exports to countries in the European Union are limited.
One of the most promising strategies to address this problem is the use of
microorganisms capable of resisting cadmium. The objective of this research was
to analyze the bacterial community, isolate and molecularly characterize bacteria
present in soils of cocoa crops contaminated with cadmium in the Amazon region.
The methodology consisted of collecting three soil samples from different cocoa
plots to extract total DNA, amplifying and sequencing the V4 region of the 16S rRNA
gene. To isolate cadmium-resistant bacteria, media were supplemented with CdCl,
at concentrations of 1.5 ppm, 350 ppm and 500 ppm and the presence of genes
associated with cadmium resistance was verified by PCR. The results revealed a
microbial community with the most dominant phyla as Proteobacteria (36.5%),
Acidobacteriota (32.72%), Methylomirabilota (12.04%), Verrucomicrobiota
(14.18%) and Firmicutes (7.64%) in the three soil samples, in addition to 76 common
genera among the three soil samples mentioning Pseudomonas, Rokubacteriales
and Nitrospira. 26 bacteria exposed to cadmium concentrations were isolated, of
which 12 were identified as the genera Klebsiella, Escherichia, Pseudomonas,
Burkholderia, Serratia, Enterobacter, Bacterium and Bacillus, detecting the
presence of the copA gene in Bacillus. Peptide analysis revealed 9 bacteria with
proteins involved in the cadA operon (key system for cadmium tolerance in
bacteria), in addition to P-type ATPases that translocate cadmium and proteins
bound to other metals. These results reveal bacterial genera with bioremediation
potential in cocoa soils.

Keywords: Cadmium, molecular characterization, cocoa, bacterial isolation,

proteomics, Amazon.
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