Interaction of SCoV-2 NSP7 or NSP8 alone with NSP12 causes constriction of the RNA entry channel: Implications for novel RdRp inhibitor drug discovery
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Abstract-
RNA-dependent RNA polymerase (RdRP) plays a crucial role in the life cycle of RNA viruses, including SCoV-2. Among the proteins encoded by Coronaviruses, non-structural protein 12 (NSP12) possesses polymerase activity in partnership with NSP7 and two units of NSP8, forming the RdRp holoenzyme. While there exists a wealth of knowledge about SCoV-2 RdRp-mediated RNA replication, the influence of the interplay between NSP12, NSP7, and NSP8 on template RNA binding and primer extension activity remains relatively unexplored and poorly understood. In this study, we successfully reconstituted a functional RdRp holoenzyme in vitro using recombinant SCoV-2 NSP12, NSP7, and NSP8, confirming its functional capabilities. Subsequently, we investigated the molecular interactions among these NSPs in the presence of various templates and their impact on polymerase activity. Notably, NSP12 exhibited significant polymerase activity on its own, which was further enhanced in the presence of NSP7 and NSP8. However, this activity was completely inhibited, and the template RNA-primer complex disengaged from NSP12 when either NSP7 or NSP8 was present alone. Computational analysis revealed that the presence of a single cofactor led to a more constricted template RNA entry channel, with NSP8 causing greater constriction compared to NSP7. In summary, our findings demonstrate that NSP7 and NSP8 synergistically boost NSP12 activity but act antagonistically when present individually. These findings hold implications for the development of novel antiviral drugs, as compounds interfering with the binding of NSP7 or NSP8 to NSP12 could effectively disrupt viral RNA replication.
