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Fig. S1. Structure-based sequence alignment of nsp21-276 between SARS-CoV-2, SARS-CoV, and MERS-

CoV. Secondary structural elements of the SARS-CoV-2 nsp21-276 structure were calculated using DSSP. 

Cylinders, waved lines and arrows represent α-helices, 310 helices, and β-sheets, respectively. The residues 

coordinating the three zinc ions are shown as cyan, blue, and yellow, respectively, and red stars underneath 

show the conserved residues. Invariable residues between SARS-CoV-2, SARS-CoV, and MERS-CoV-2 are 

colored pink. According to the sequence conservation, the alignment was generated by ClustalW (Larkin et al. 

2007) with manual adjustments of the MERS-CoV to make the residues coordinating the last two zinc ions 

align. This figure was made by the program ALINE (Bond and Schüttelkopf 2009). The sequences used are 

SARS-COV-2 (GenBank accession: QRW63624.1), SARS-CoV (ACZ72252.1), and MERS-CoV 

(ATQ39389.1). 
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Fig. S2. Crystal optimization of nsp21-276. A Crystals grown by using the sitting-drop vapor diffusion method. 

B Optimized crystals by using the hanging-drop vapour-diffusion method. C X-ray diffraction image of 

nsp21-276. 
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Fig. S3 Superposition of nsp21-276 A, B, C, D four chains. Four chains are shown in pink, yellow-orange, cyan, 

and green, respectively, and the three zinc atoms are shown as magenta. 
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Fig. S4 Comparison of the Cryo-EM structure and the high resolution X-ray structure of nsp21-276. A 

Superposition of the Cryo-EM structure (PDB: 7MSW) (light-blue) and the overall high resolution X-ray 

structure of A chain of nsp21-276 (green) with RMSD of 1.3. Superposition of ZnF1 (B, Zn1, red), ZnF2 (C, 

Zn2, blue), and ZnF3 (D, Zn3, yellow) of the X-ray structure (green) and the Cryo-EM structure (light-blue) 

with RMSD of 0.7, 0.5, and 1.1, respectively. 
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Fig. S5 Structural comparison of Zinc fingers. A Superposition of ZnF1 (green) and protein serine/threonine 

phosphatase 2C (PDB: 1A6Q) (yellow) with RMSD of 2.6 Å. Zn1, red (Das et al. 1996). B Superposition of 

ZnF1 and eukaryotic DNA transposase (PDB: 2BW3) (deep-salmon) (Hickman et al. 2005) with RMSD of 

3.0 Å. C Superposition of ZnF2 (green) and 50S ribosomal protein L44E (PDB: 1S72) (wheat) (Klein et al. 

2004) with RMSD of 1.8 Å. Zn2, blue. D Superposition of ZnF3 (green) and RNAi polymerase from 

Neurospora crassa (PDB: 2J7N) (violet) (Salgado et al. 2006) with RMSD of 2.4 Å. Zn3, yellow. 
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Table S1. SAXS data collection and analysis. 

Parameters nsp21-276 

Data collection  

Instrument SSRF BL19U2 

Wavelength (Å) 1.003 

Exposure time (s) 1.0 

Concentration (mg/mL) 5.0 

Temperature (K) 283 

Structural parameters 

I(0) (from P(r)) 

 

68.2 

Rg (Å) (from P(r)) 23.2 

I(0) (from Guinier) 70.4 

Rg (Å) (from Guinier) 24.3 

Dmax (Å) 

Porod volume Vp (Å3) 

Correlation volume Vc (Å2) 

65 

52706.0 

68049.0 

Molecular mass  

Mass (kDa)1 30.8 

Mass (kDa)2 

Mass (kDa)3 

30.0 

25.6 

Data processing  

Data reduction and processing 
BioXTAS-RAW 

(Nielsen et al. 2009) 

Validation 
FoXS 

(Schneidman-Duhovny et al. 2013) 

χ2 4.69 

c1, c2 1.04, 2.01 
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Table S2. List of primers for nsp2 

Primer name Sequence 5'  3' 

nsp2 EcoR I 5' CTAATTATTCGAAACGAGGAATTCATGGCGTACACCCG

TTATGTGGACAA 

nsp2 Kpn I 3' CTGGAAGTACAGGTTTTCGGTACCGCCACCCTTCAGG

GTAAAGGTGTT 

nsp21-276 BamH I 5' GCGGATCCGCGTACACCCGTTATGTGGACAA 

nsp21-276 Xho I 3' GCCTCGAGTTTTTGCAGAATCTCCAGCAGGTTGT 

nsp21-276 K111A/K112A/K113A 5' GTTGAGGCGGCAGCGCTGGATGGTTTTATGGGCCGTAT

CCGTAGCGTGTAC 

nsp21-276 K111A/K112A/K113A 3' ATCCAGCGCTGCCGCCTCAACACGCGGTTGAATGGTT

TTAATGATGCTGTTCAGC 
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