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Figure S1. Sequence alignment of nsp14 from selected coronaviruses using MegAlign (DNASTAR) soft-

ware. Sequences of the ExoN and N7-MTase domains in MERS-CoV (NC-019843), SARS-CoV-2 

(NC_045512.2), SARS-CoV (NC_004718.3), HCoV-HKU1 (NC_006577.2), MHV (NP_045299.2), 

HCoV-229E (NC_002645.1), IBV (NC_001451.1), BCV (NP_150073.3), TGEV (AJ271965.2), and were 

used for the analysis. Residues involved in the formation of three zinc fingers are marked with pink, blue 

and green triangles.  
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Figure S2. Expression and purification of SARS-CoV-2 nsp10 and nsp14. (A) Nsp14 was purified by 

HiTrap S ion-exchange column. (B) nsp10 was purified by Superdex 200 Increase 10/300 GL column. 

Each band on SDS-PAGE represents samples collected from FPLC at different time points of the protein 

elution peaks. 
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Figure S3. MTase-GloTM methyltransferase assay and FRET-based exoribonuclease assay for purified 

nsp14. (A) Outline of bioluminescence assay for nsp14 methyltransferase activity. (B) Outline of FRET-

based assay for nsp14 exoribonuclease activity. (C) Relative MTase activity of nsp14 in the absence and 

presence of nsp10 (n = 3). (D) Fluorescent signal produced by the nucleolytic cleavage of nsp14/nsp10 

complex in ExoN assay at different molar ratios of nsp14: nsp10 (n = 3). (E-F) Relative ExoN activity of 

nsp14 in the absence and presence of nsp10. ExoN assay samples were subjected to 20% Urea-PAGE.  
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Figure S4. Chemical structures of selected metal-based compounds and potential organic antiviral com-

pounds1-10. 
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Figure S5. SARS-CoV-2 nsp14/nsp10 as a potential target of organic compounds against SARS-CoV-2 

compared with RBC. Relative percentages of inhibition on methyltransferase and exoribonuclease activity 

of nsp14 (1 µM and 200 nM, respectively) by small organic molecular compounds (n = 3). Compounds 

were used at a 50:1 molar ratio of compound: nsp14. 
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Figure S6. Primary screening of potential inhibitors of nsp14/nsp10 exoribonuclease. FRET-based ExoN 

assay samples in primary screening were subjected to 20% Urea-PAGE. 
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Figure S7. Influence of different ligands on nsp14 activity. MTase (A) and ExoN (B) activity of SARS-

CoV-2 nsp14 in the presence of 50 molar equivalents of ligands of bismuth-based compounds (n = 3).  
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Figure S8. Influence of RBC on the binding of SARS-CoV-2 nsp14 to ExoN substrates. (A) Binding of 

ExoN dsRNA substrates to SARS-CoV-2 nsp14 at varying concentrations as indicated. (B) Binding of 

ExoN dsRNA substrates to nsp14 in the presence of RBC at varying concentrations as indicated. Relative 

band intensities were quantified by ImageJ. 
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Figure S9. Cytotoxicity of SARS-CoV-2 nsp14 inhibitors against Vero E6 cells (n = 3). CC50 values are 

presented as mean values ± SD. 
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Table S1. Substrate oligonucleotides. 

Oligo Substrate Oligo sequence (5’→3’) 

i Top Cy3 RNA Cy3-GGUAGUAAUCCGCUC 

ii Bottom quencher RNA 
UUUUUUUUUUUUUUUUUUUUGAGCGGAUUACUACUACC-

BHQ-2 
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Table S2. IC50 of the selected compounds against MTase and ExoN activities of nsp14/nsp10. 

Compounds IC50 of MTase activity (μM) IC50 of ExoN activity (μM) 

RBC 1.03±0.24 0.53±0.07 

Bi(NAC)3 1.33±0.26 0.80±0.06 

4SABi 1.36±0.28 0.84±0.04 

CBS 2.04±0.05 2.08±0.60 

BABABi 5.48±0.76 3.76±0.55 

Bi(THPP) 3.47±0.85 N.D* 

Bi(NTA) N.D 5.11±2.29 

AgNO3
 1.57±0.14 0.95±0.04 

Cisplatin 5.48±0.26 2.00±0.14 

Zn(TPP) N.D 6.02±0.38 

Fe(TPP) N.D 10.84±0.71 

* N.D: not determined. 
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Table S3. Km and Vmax values of nsp14 MTase activity upon Bi(III) treatment. 

 SAM-dependent G(5’)ppp(5’)A RNA analog-dependent 

4SABi: Nsp14 

(Molar ratio) 
0 3 6 0 1 3 6 

Vmax (nM/min) 338.8±2.8 282.8±7.1 215.0±5.4 424.3±5.8 336.4±11.9 287.6±3.5 265.7±2.6 

Km (μM) 1.4±0.2 1.3±0.1 1.2±0.1 1.3±0.1 1.4±0.1 1.0±0.1 1.0±0.1 
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Table S4. Km and Vmax values of nsp14/nsp10 ExoN activity upon Bi(III) treatment. 

RBC: Nsp14 (Molar ratio) 0 5 10 

Vmax (nM/min) 58.8±4.2 48.3±1.8 33.4±0.4 

Km (μM) 259.9±3.1 267.7±6.9 261.5±6.2 
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