Insights into SARS-CoV-2 nucleocapsid protein and its interaction with polyanions
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Among the structural proteins of SARS-CoV-2, the nucleocapsid (N) protein is notable for its pronounced flexibility and central role in the viral life cycle, including RNA packaging, genome replication, and immune modulation. It counts 419 amino acids divided in both folded domains, N-terminal (NTD) and C-terminal (CTD) domains, and extensive intrinsically disordered regions (IDR1, IDR2 and IDR3). The coexistence of ordered and disordered regions raises an important question: how does this heterogeneous structural organization influence its interaction with highly charged ligands such as RNA or heparins?
Extensive studies have investigated individual N protein constructs, particularly the N-terminal domain (NTD, residues 44–180) and the N-terminal region (NTR, residues 1–248) [1, 2]. Building on this knowledge, we aimed to do a step forward by exploring the interaction mechanisms comparing three constructs — NTD, NTR, and the full-length protein (FL) — and their binding to three heparin-based ligands of increasing length. Specifically, we assessed how ligand length affects binding to NTD, and how interaction profiles shift as protein complexity increases from NTD to NTR and FL.
Our NMR data suggest a correlation between ligand length and binding affinity, with longer oligosaccharides showing stronger interactions. Additionally, the presence of IDRs appears to enhance binding capacity, as the NTR construct including disordered segments exhibited more extensive chemical shift perturbations compared to NTD alone. Notably, the full-length protein displayed distinct spectral behavior, potentially reflecting additional binding contributions from IDR3 and altered dynamics due to its complex and dimeric structure. 
These findings support the hypothesis that the IDRs play an active and modulatory role in mediating polyanion interaction, potentially acting as flexible and functionally relevant modules rather than passive linkers. While further studies are needed to fully define their mechanistic contributions, our results underscore the importance of analyzing full-length, multidomain proteins to capture the interaction complexity.
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