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Transparent Methods  

Cloning 

The portion of Orf1a encoding full-length Nsp1 was codon-optimized for E. coli expression, 

synthesized (Codex DNA) and cloned into the pMCSG53 expression vector at the SspI site via 

Gibson assembly.  

>cDNA sequence for SARS-CoV-2 Nsp1 

ATGGAAAGTCTGGTACCTGGGTTCAACGAGAAAACCCATGTTCAGCTGAGTTTACCG

GTTCTGCAAGTTCGTGATGTTCTGGTTCGCGGTTTTGGTGATAGCGTTGAAGAAGTTC

TGAGTGAAGCACGTCAACACCTGAAAGATGGTACATGCGGCTTAGTGGAAGTGGAA

AAAGGTGTTTTACCTCAGCTGGAACAGCCGTACGTGTTCATTAAACGCAGCGATGCA

AGAACAGCACCTCATGGTCATGTTATGGTTGAACTGGTGGCAGAACTGGAAGGTAT

CCAGTATGGTAGATCTGGTGAAACACTGGGTGTTTTAGTTCCGCATGTGGGCGAAAT

TCCTGTGGCATACCGTAAAGTGCTGCTGCGTAAAAATGGCAATAAAGGTGCAGGTG

GTCACAGCTATGGTGCCGATCTGAAAAGCTTTGATCTGGGCGATGAATTAGGTACAG

ATCCGTATGAGGACTTCCAGGAAAACTGGAACACCAAGCATAGTAGCGGTGTTACC

CGTGAATTAATGCGCGAACTGAATGGTGGTTAA 

 

 

The fragment encompassing amino acid residues 13-127 of Nsp1 was PCR amplified using 

Phusion polymerase (NEB) and cloned into the same vector via ligation-independent cloning.  

Primers for amplification of Nsp113-127 

FWD - TACTTCCAATCCAATGCCCATGTTCAGCTGAGTTTACCG 

REV - TTATCCACTTCCAATGTTAGCCATTTTTACGCAGCAG 

 

Expression and purification of SARS-CoV2 Nsp1 

Plasmids were transformed into the E. coli strain BL21(DE3)-Gold for protein expression.  The 

same procedure was used for purification of full-length Nsp1 and Nsp113-127.  Cells were grown 

at 37°C and 200 rpm to an OD600 of 0.8, cooled to 20°C then induced with 1 mM IPTG and 

incubated for 16 hours.  Cells were harvested via centrifugation at 5000 x g, resuspended in 



binding buffer (300 mM NaCl, 50 mM HEPES pH 7.5, 5 mM imidazole, 5% glycerol) and lysed 

via sonication.  Lysates were centrifuged at 20,000 x g for 45 minutes at 4°C and the supernatant 

was incubated with Ni-NTA resin and rotated for 1 hour at 4°C.  Nsp1 and Nsp113-127 were eluted 

in elution buffer (300 mM NaCl, 50 mM HEPES pH 7.5, 250 mM imidazole, 5% glycerol) then 

incubated with Tobacco-etch virus (TEV) protease overnight to cleave the N-terminal 

polyhistidine tag while dialyzing to remove imidazole.  The proteins were then passaged over a 

second Ni-NTA to remove impurities.  Nsp113-127 was immediately dialyzed into 

precrystallization buffer (300 mM NaCl, 10 mM HEPES pH 7.5), while full-length Nsp1was 

further purified via gel filtration using a Superdex75 column (300 mM NaCl, 10 mM HEPES pH 

7.5). 

Crystallization 

Crystals of Nsp113-127 were grown at 298 K in 0.2 M sodium formate, 20% PEG3350 via the 

vapour diffusion sitting-drop method.  Prior to data collection the crystals were soaked in 0.2 M 

sodium formate, 20% PEG3350, 30% glycerol and flash frozen in liquid nitrogen.  

Data collection, structure determination and refinement  

X-ray diffraction data of crystals of Nsp113-127 were collected at Advanced Photon Source 

Beamline 19 ID (Argonne, Illinoi USA) under cryo-stream at 93.15 K. Diffraction data were 

processed with HKL3000 suit (Minor et al., 2006). Initial phase for Nsp113-127 was obtained by 

molecular replacement with Molrep using NMR structure of SARS-CoV Nsp1 (PDB: 2HSX) as 

a search model (Winn et al., 2011). Subsequently, the initial electron density map was improved 

though density modification by parrot and the model was built using buccaneer (Winn et al., 

2011). Final model was produced by the cycle of manual model building and refinement using 

Phenix.refine and Coot (Adams et al., 2010, Emsley and Cowtan, 2004). All geometry was 



verified using Phenix validation tools (Ramachandran statistics: Favoured (97.1%), additionally 

allowed (2.9%), disallowed (0.0%)) and the wwPDB server.  

Structure analysis and homology-modeling  

 Electrostatic potential surfaces were calculated using Pymol using APBS(Baker et al., 

2001)..  Structure similarity searches of the Protein Data Bank were performed using the Dali 

server (Holm and Laakso, 2016).Secondary structure prediction of Nsp1 homologues was done 

using PSIPRED (Buchan and Jones, 2019).  Homology modeling of MERS-CoV was performed 

by I-TASSER using the crystal structure of SARS-CoV-2 Nsp113-127 as the threading template 

(Yang and Zhang, 2015, Zhang et al., 2017). The model produced by I-TASSER was subjected 

to further energy minimization using the YASARA energy minimization server to improve 

stereochemical property (Krieger et al., 2009).  Stereochemical properties of the final model was 

validated with Ramachandran plot using PROCHECK server and 90% of residues are in the 

favoured/additionally allowed region (Laskowksi, 1993). The model of the full-length SARS-

CoV-2 Nsp1 was generated using the Robetta structural predication server with the SARS-CoV-

2 Nsp113-127 structure defined as the template (Song et al., 2013).  
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Table S1. Amino acid sequence similarity to SARS-CoV-2 Nsp1 of Nsp1 proteins from 

human pathogenic coronaviruses, related to Figure 3 

Protein Name Organism % Identity to SARS-CoV-2 Nsp1 

MERS-CoV Nsp1 Middle East respiratory 

syndrome-related coronavirus 

19 

HCoV-OC43 Nsp1 Human coronavirus OC43 19 

HCoV-HKU1 Nsp1 Human coronavirus HKU1 18 

HCoV-229E Nsp1 Human coronavirus 229E 9 

HCoV-NL63 Nsp1 Human coronavirus NL63 6 

 

 

 

 

 

 

 

 



 
 

Fig S1. Secondary structure analysis of Nsp1 from human-infecting Coronaviruses, related 

to Figure 3.    Within each sequence, the topological fingerprint containing elements that may 

facilitate formation of the capped β-barrel structure are coloured, while sequence outside of the 

fingerprint region is depicted in light grey. Key secondary structure elements observed in the 

SARS-CoV-2 Nsp113-127 crystal structure are labeled and are coloured accordingly in the 

ortholog sequences. Unique secondary structure features that lack an equivalent in the SARS-

CoV-2 structure but that fall within the predicted β-barrel region are coloured as dark grey.  

 

 


