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Abstract: Marine nanoplastics (NPs) are posing escalating pollution threats, yet their toxic mechanisms towards
primary producer microalgae remain inadequately clarified. This study investigates the concentration-dependent
toxicity (low: 0.1 mg/L; high: 10 mg/L) of polystyrene nanoplastics (PS-NPs) in the typical marine diatom
Skeletonema costatum. Results demonstrated that PS-NPs significantly suppressed algal growth and chlorophyll
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a synthesis in a concentration-dependent manner. Transcriptomic analysis revealed that PS-NPs disrupted cell
membrane integrity by inhibiting key genes involved in fatty acid metabolism (fabG, fabZ) and
glycerophospholipid synthesis (AGPAT, EPT), downregulated the expression of photosynthesis-related genes
(psbK), and concurrently triggered oxidative stress. As an adaptive response, cells upregulated antioxidant-
related genes (SOD1, GST, APX, RRM1I) and activated the key genes of energy metabolism pathways (citric
acid cycle, glycolysis and oxidative phosphorylation) to compensate for the energy deficit. Metabolomic
analysis further indicated that the pathways of amino acid biosynthesis, 2-oxocarboxylic acid metabolism and
ABC transporters were significantly enriched. Relevant metabolites like L-Glutamine, 2-Oxoglutaric acid and
a,0-Trehalose were markedly upregulated, indicating that algal cells alleviated stress by storing antioxidant
precursors, improving energy supply and facilitating toxin excretion. This study elucidates the multi-level toxic

mechanisms of PS-NPs on marine diatoms and the adaptive defense strategies of algal cells, thereby providing

%45 K

critical scientific insights for ecological risk assessment of marine NPs pollution.
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Fig. 4 Volcano plot and Venn diagram of differentially expressed genes
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Fig. 5 KEGG enrichment of differentially expressed genes and heatmap of gene expression fold changes across experimental

groups
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