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Research progress in microbial detoxification of cadmium and
bioremediation based on microorganism-plant interaction
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Abstract: Cadmium (Cd) is one of the major hazardous pollutants threatening grain production.
Cd(II) with good dissolubility and high mobility tends to be absorbed and accumulated by
plants. Microorganisms have evolved detoxification mechanisms under Cd(II) stress, which
include the inhibition of Cd(II) uptake, activation of Cd(II) efflux, and sequestration of Cd(II)
into cells. A variety of microorganisms have been reported to immobilize Cd(II) by biosorption
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and extracellular precipitation. These microorganisms exhibit great potential to bioremediate
cadmium-contaminated soils. This review summarizes the molecular mechanisms of microbial
detoxification of cadmium, microbial interaction, and microorganism-plant interaction, and then
introduces the latest research progress in the bioremediation of cadmium contamination by
microorganisms.
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Figure 1 A scheme model of cadmium detoxification in the microbe. The mechanism of Cd(II)
detoxification in the microbe includes Cd(Il) uptake and efflux, intracellular Cd(II) binding and damage
repair, and extracellular Cd(II) sorption and precipitation. MntABC, ZupT, CzcABC, CadA, and YorlP
proteins are involved in the Cd(II) transport. Superoxide dismutase (SOD), catalase, and glutathione (GSH)
reductase reduce intracellular oxidative stress, and the damage repair system repairs DNA and protein
damage. CadW protein is involved in intracellular Cd(II) binding. Microbes produce exopolysaccharides
(EPS) to absorb extracellular Cd(II). The S*  produced by the sulfate reduction pathway produces
extracellular CdS precipitates with Cd(II). Metabolites phosphoric acid, oxalic acid, and carbonate participate
in extracellular Cd(II) precipitation.
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Table | Cadmium transport and binding protein in microbe
iz HARR e 27 3k
Function Protein family Source Reference
Cd(II) uptake proteins
CzcD P-type ATPase Alcaligenes eutrophus CH34 [17]
MntABC ABC family Bacillus subtilis [14]
MntH ABC family Bacillus subtilis [14]
MerCEFT ABC family Pseudomonas K-62 [16]
ZupT ZIP family Escherichia coli [12]
Zrt ZIP family Saccharomyces cerevisiae [13]
Irt ZIP family Saccharomyces cerevisiae [13]
Cd(II) binding proteins
CadW Pseudomonas sp. B7 [18]
MerP ABC family Pseudomonas K-62 [16]
Glutathione Pichia kudriavzevii [19]
Metallothionein Synechococcus PCC 7942 [20]
Glycoprotein Lactobacillus plantarum L67 [21]
LECBP Lentinula edodes [22]
Cd(II) efflux proteins
CadA P-type ATPase Staphylococcus aureus, Bacillus subtilis and Listeria [23-25]
TolC RND family Escherichia coli [26]
CzcABC P-type ATPase Alcaligenes eutrophus CH34 [17]
CzcP P-type ATPase Cupriavidus metallidurans CH34 [27-28]
CzcE CDF family Acinetobacter baumannii [29-30]
Others
CadC Staphylococcus aureus, Bacillus subtilis and Listeria [23-25]
CzcR Alcaligenes eutrophus CH34 [17]
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Figure 2 Microbe reduces cadmium content in the plant. The mechanism of microbe reduces cadmium
content in plants, including the reduction of bioavailable Cd amount in soils and the effects on Cd(II) related
genes in plants. Exopolysaccharide (EPS) secreted by microbes immobilized Cd(II) in soils, and the secretion
of phosphate, hydroxide, and S*~ are used to precipitate Cd(II) in soils; Phytohormones, succinic acid, and
phenylalanine secreted by microbes affect the expression levels of genes related to Cd(II) uptake, binding,

and efflux in plants.
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