Root proteome modulation reveals novel insights into copper tolerance in Brassica napus L.
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Abstract

Copper (Cu) toxicity poses a significant threat to plant growth and productivity by inducing oxidative stress and disrupting essential physiological and metabolic processes. Citric acid (CA), an organic chelator, has shown potential in mitigating heavy metal-induced phytotoxicity; however, its underlying molecular mechanisms remain poorly understood. This study investigated the morpho-physiological, biochemical, and proteomic responses of Brassica napus L. seedlings to exogenous CA application under Cu stress using a label-free quantitative proteomics approach. Twenty-one-day-old hydroponically grown seedlings were subjected to six treatments: control, CA (1.0 mM), Cu (25 μM), Cu (25 μM) + CA (1.0 mM), Cu (50 μM), and Cu (50 μM) + CA (1.0 mM) for seven days. Morphological, physiological, biochemical, and proteomic analyses were performed to elucidate Cu stress responses and CA-mediated protective mechanisms. Cu exposure markedly inhibited seedling growth and physiological performance while altering the activities of antioxidant enzymes, including peroxidase (POD), superoxide dismutase (SOD), and catalase (CAT). Label-free quantitative proteomic analysis identified 6,345 proteins, of which 382 were differentially abundant across treatment groups. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses revealed that differentially abundant proteins (DAPs) were predominantly associated with energy and carbohydrate metabolism, photosynthesis, protein metabolism, stress defense, metal detoxification, and cell wall reorganization. These findings provide insights into the molecular responses of B. napus to Cu toxicity and suggest that exogenous CA may contribute to Cu stress mitigation through the regulation of antioxidant defense and metabolic pathways. 
Keywords: Brassica napus L.; Copper toxicity; Citric acid; Label-free quantitative proteomics; Phytoremediation.
