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Abstract
Apyrases (NTPDases) are conserved regulators of growth and development across eukaryotes, functioning in multiple cellular compartments. Earlier work showed that ectopic expression of psNTP9 (PS), a chromatin-associated apyrase from pea (Pisum sativum), improves phosphate (Pi) uptake and promotes growth in yeast and Arabidopsis thaliana. Here, we generated a double-mutant variant of PS (DM), carrying two targeted substitutions (S208L and P216R) within its predicted DNA-binding domain, to examine structure–function relationships underlying nuclear signaling. Ectopic expression of DM resulted in even greater stimulation of yeast and Arabidopsis growth, Pi accumulation, and seed yield compared with wild-type PS. Both PS and DM localized to the nucleus and co-purified with chromatin-associated proteins, suggesting direct regulatory interactions. RNA-seq revealed that PS and DM activate partially overlapping but distinct transcriptional programs enriched for pathways linked to growth and Pi homeostasis. ChIP-seq demonstrated that the two proteins occupy different genomic regions, including promoters of differentially expressed genes, indicating altered DNA-binding specificity in the mutant. Collectively, these findings demonstrate that nuclear interactions of PS and its engineered variant DM reprogram gene expression to enhance growth and nutrient acquisition in both yeast and plants.
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