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The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the causative agent of COVID-19 illness is responsible for more 

than half a million deaths in the United States alone. The SARS-CoV-2 nsp16/nsp10 enzyme complex modifies the 2’-OH of the first 

transcribed nucleotide (N1 base) of the viral mRNA by covalently attaching a methyl group to it. This single RNA modification event 

converts the status of the mRNA cap from Cap-0 (m7GpppA) to Cap-1 (m7GpppAm) and helps the virus evade immune surveillance in 

the host cell. Here, we report three high-resolution crystal structures of nsp16/nsp10 heterodimer representing substrate (Cap-0)-bound 

state, and pre- and post-release states of the RNA product (Cap-1). The binding of Cap-0 induces large conformational changes. This 

‘induced fit’ model provides new mechanistic insights into the 2’-O methylation of the viral mRNA cap. We reveal the structural basis 

for the RNA specificity of nsp16/nsp10. We also discover an alternative ligand-binding site unique to SARS-CoV-2 [1]. We also 

observe overall widening of the enzyme upon product formation, and an inward twisting motion in the substrate-binding region upon 

product release. These changes reset the enzyme for the next round of catalysis, and may be the structural basis of dissociation nsp10 

from nsp16. The structures also identify a unique binding mode of a divalent metal ion in nsp16, which aligns the first two bases of the 

viral RNA in the catalytic pocket for efficient Cap-1 formation. Using LC/MS-based intact mass analysis, we show dramatic 

perturbations in Cap-1 formation by an emerging clinical variant of SARS-CoV-2, previous SARS-CoV outbreak strain, and their 

altered sensitivity to divalent metal ions [2]. Such reliance and preference for metals also suggests that an imbalance in cellular metal 

concentrations could differentially alter the RNA capping and thus, host innate immune response to infections by various CoVs. 

Altogether, our work provides a revised framework from which new therapeutic modalities may be designed for the treatment of 

COVID-19 and emerging coronavirus illnesses. 
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