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nsp10 binding site ExoN
10 20 30 40 70 80
SARS-CoV-2 nspld pro AENV- T- - GLFKDCSKVI TGLHPTQAPTHLSVDTKFKT- EGLC- - SMMGF KMNY QVNGY PNM 72
SARS-CoV nspld pro AENV-T- - GLFKDCSKI | TGLHPTQAPTHLSVDI KFKT- EGLC- - VDI PGI P- KDM- TYRRL| SMMGF KMNY QVNGYPNM 72
MERS-CoV nspid pro SQI V-T- - GLFKDCSRETSGLSPAYAPTYVSVDDKYKTSDELC- - VNL- NLP- ANV- PYSRVI SRMGFKLDATVPGYPKL 72
HCoV-HKU1 nsp14.pro - T- - NLFKDCSKSCLGYHPAHAPSFLAVDDKYKVNENLA- - VNL- NI CEPVL- TYSRLI SLMGFKLDLTLDGYSKL 71
HCoV-299E nsp1d.pro SSCGLFKDCARNPI DLPPSHATTYLSLSDRFKTSGDLA- - VQI - - GN- NNVCTYEHVI SYMGFRFDVSMPGSHSL 72
MHV nap14.pro T- - NLFKDCSRSYVGYHPAHAPSFLAVDDKY KVGGDLA- - VCL- NVADSAV- TYSRLI SLMGFKLDLTLDGYCKL 71
IBV nsp1d.pro T-« GLFKI CNKEFSGVHPAYAVTTKALAATYKVNDELAALVNV- EAG- SEl - TYKHLI SLLGFKMSVNVEGCHNM T1
BCV nap14.pro T- - NLFKDCSKSYSGYHPAHAPSFLAVDDKYKATGDLA- - VCL- GI GDSAV- TYSRLI SLMGFKLDVTLDGYCKL 71
TGEV napid.pro MtA - PETCGLFKDCSKSEQY| PPAYATTYMSLSONFKTSDGLA- - VNI - - GT- KDV- KYANVI SYMGFRFEANI PGYHTL 72
ExoN
90 100 110 120 130 140 150 160
SARS-CoV-2 nspld.pro FI TREEAI RHVRAW GFDVEGCHATREAVGTNLPLOLGFSTGVNLVAVPTGYVDTPNNTDFSRVSAKPPPGDOF KHLI PL 152
SARS-CoV nap1d pro FI TREEAI RHVRAW GF DVEGCHATRDAVGTNLPLOLGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDOF KHLI PL 152
MERS-CoV nep14.pro FI TREEAVRQVRSW GF DVEGAHASRNACGTNVPLQLGFSTGVNFVVQPVGYVDTEWGNMLT G| AARPPPGEQF KHLVPL 152
HCoV-HKU1 nspi14d.pro FlI TEDEAI KRVRGW GF DVEGAHATRENI GTNFPLQI GFSTGVDFVVEATGLFAERDCY TFKKTVAKAPPGEKFKHLI PL 151
HCoV-299E nsp14d.pro FCTRDF AMRHVRGWL GMDVEGAHVTGONVGTNVPLOQVGF SNGVDFVAQPEGCVLTNTGSVVKPVRARAPPGEQF THI VPL 152
MHV nspi14.pro FiI TRDEAI KRVRAW/GF DAEGAHAI RDS| GTNFPLOLGFSTGI DFVVEATGMF AERDGYVFKKAAARAPPGEQF KHLI PL 151
IBV nsp1d.pro FI TRDEAI RNVRGW/GF DVEATHACGTNI GTNLPFQVGFSTGADFVVTPEGLVDTS! GNNFEPVNSKAPPGEQFNHLRVL 151
BCV nap14.pro Fi TKEEAVKRVRAW/GF DAEGAHATRDS| GTNFPLOLGFSTGI DFVVEATGLF ADRDGYSF KKAVAKAPPGEQF KHLI PL 151
TGEV napi4.pro FCTRDF AMRNVRAW. GF DVEGAHVCGDNVGTNVPL QL GF SNGVDFVVATEGCYI TEKGNS|I EVVKARAPPGEQF AHLI PL 152
ExoN
170 180 190 200 210 220 230 240
et e R e e T e R
SARS-CoV-2 nsp1d.pro MYKGLPWNVVRI KI VOMLSDTLKNLSDRVVFVLWAHGFELTSMKYFVKI GPERTGCLIGDRRATCFSTASDTY AGWHHSI G 232
SARS-CoV nap14 pro MYKGLPWNVVRI KI VOMLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKI GPERT) L KRATCFSTSSDTY vG 232
MERS-CoV nepid.pre MHKGAAWP| VRRRI VOMLSDTLDKLSDYCTFVCWAHGFELTSASYFCKI GKE AAAYSSPLASY 232
HCoV-HKU1 nsp14. pro MSKGOQKWD! VRI RI VOMLSDYLLDLSDSVVFI TWSASFELTCLRYFAKLGREL N ATCYNSRTGYY YT 2
HCoV-299E nspl1d.pro LRKGOPWSVLRKRI VOMI ADFLAGSSDVLVFVLWAGGLELTTMRYFVKI GAVKHOO- CGTVATCYNSVSNDYC KHALG 231
MHV nsp14.pro MERGOQKWOVVRI RI VOML SDHLADL ADSVVLVTWAASFELTCLRYFA EV ISVIOQTKRATCFNSRTGYY ¥Ys 23
1BV nap14.pro FKSAKPWHVI RPRI VQML ADNL CNVSDCVVFVTWCHGLELTTLRYFVKI OGS RATTFNSHTQAY G 230
BCV nap14.pro MT RGGRWOVVRPRI VQMF ADHL | DLSDCVVLVTWAANF ELTCLRYF AKVGRE! SIONVIGT KRAT AYNSRTGY Y VT 231
TGEV nap14.pro MRKGQPWHI VRRRI VOMVCDYFDGLSDI LI FVLWAGGLELTTMRY FVKI GRPOKGE- [GGKSATCYSS5Q5VY AICF KHALG 231
A A A A
ExoN Hinge N7-MTase
2850 260 270 280 200 300 310 320
SARS-CoV-2 nap14.pro FOYVYNPFEMI DVOGWGF TGNL G5 NDL YJaVJGNAHVASCDAI MTREL AVHECF VRRVOWT| EYPI | GDELKI NAACRKV 312
SARS-CoV nsp14d.pro FDYVYNPFMI DVQOWGF TGNL AHVASCDA| MTREL AVHECF VKRVDWSVEYPI | GDELRVNSACRKY 312
MERS-CoV nspid.pro ¥DYVYNPFFVOVQOWGY VGNLAT? AHVASNDAI MTRER Al HSCFI ERVDWOI EYPYI SHEKKLNSCCRI V 312
HCoV-HKU1 nap1d.pro COYVYNPLI VDI QOWGY TGSL TS NH A ASADAI MT Al YDCFCKSVNWNLEYPI | SNEVSI NTSCRLL 311
HCoV-299E nspl1d.pro COYVYNPYVI DI QOWGYVGSL ST NH ASGDAI MT AVYDCFVKNVDWSI TYPMI ANENAI NKGGRTV 311
MHV nsp14 pro COYLYNPLI VDI QOWGYTGSLT s MT o CKSVNWNLEYPI | SNEVSVNTSCRLL 3n
1BV nspi4.pro FDFVYNPLLVDI QQWGYSGHL QF NHDL v MTRICL Al NNAF CQDVNWOLTYPHI ANEDEVNSSCRYL 310
BCV nspid.pro CODYLYNPLI VDI QOWGY| GSLSS LYGS MT AVYDCFCNNI NWNVEYPI | SNELSI NTSCRVL 311
TGEV nspld.pro CDYLYNPYCI DI QOWGY TGSL SMNHHE VIDNI MT Al HDCFVKRVDWSI VYPFI DNEEKI NKAGRI V 311
A A A
N7-MTase
330 340 3%0 380 370 380 390 400
SARS-CoV-2 nspld.pro QHMVVKAALLADKFPVLHDI GNPKAI KCVPOQADVEWKFYDAQPCSDKAYKI EELFYSYATHSDKFTDGVCLFWNCNVDRY 392
SARS-CoV nepid.pro CHMVVKSALLADKFPVLHDI GNPKAI KCVPOAEVEWKF YDAQPCSDKAYKI EELFYSYATHHDKFTDGVCLFWNCNVDRY 392
MERS-CoV nspid.pro ERNVVRAALLAGSFDKVYDI GNPKGI PI VDDPVVDWHY FDAQP- - - LTRKVQOLFYT- EDMASRFADGL CLFWNCNVPKY 388
HCoV-HKU1 nap1d.pro QRVMLKAAMLCNRYNLCYDI GNPKGLACVKDYEF- - KFYDAFP- - - VAKSVKQLFYVYDVHKDNF KDGLCMFWNCNVDKY 386
HCoV-299E nspl4. pro QSHI MRAAI KLYNPKAI HDI GNPKGI RCA- VTDAKWYCYDKNP- - - | NSNVKTLEYDYMTHGQOM- - DGLCLFWNCNVDMY 385
MHV nspid.pro QRVMF RAAML CNRYDVCY DI GNPKGLACVKGYDF- - KFYDASP- - - VWKSVKQF VYKY EAHKDOF LDGL CMFWNCNVDKY 386
1BY nsp14.pro QRMYLNACVDAL KVNVVYDI GNPKGI KCVRRGDVNF RFYDKNP- - - | VRNVKQF EYDYNQHKDKF ADGL CMFWNCNVDCY 387
BCV nsp14.pro QRVMLKAAMLCNRYTLCYDI GNPKAI ACVKDFDF- - KFYDAQP- - - | VKSVKTLLYSFEAHKDSFKDGLCMFWNCNVDKY 386
TGEV nepid.pro QSHVMKAALKI FNPAAI HDVGNPKGI RCA- TTPI PWECYDROP- - - | NNNVRCL DY DY MVHGGM- - NGLMLFWNCNVOMY 385
N7-MTase Hinge N7-MTase
410 420 430 440 450 480 480
SARS-CoV-2 nepid.pro PANSI VCRFDTRVLSHLNLPGCDGGSLYVNKHAFHTPAFDRSAF VNLKGLPFF ¥ SDSPLESHGK. GVVSDI DYVPLASA 471
SARS-CoV nepld.pro PANAI VCRFDTRVLSNLNLPGCDGGSLYVNKHAFHT PAFDKSAF TNLKQLPFFYY QVVSDI DYVPLKSA 471
MERS-CoV napid.pro PNNAI VCRFDTRVHSEF NLPGCDGGSLYVNKHAFHT PAYDVSAFRDLKPLPFFYYSTTP EDI DYVPLKSA 468
HCoV-HKU1 nsp1d.pro PSNSI VCRFDTRVLNKLNLPGCNGGSLYVNKHAFHTNPFTRTVFENLKPMPFFYYSDTP YVDG- LESKQVDYVPLRSA 465
HCoV-299E nsp14. pro PEFSI VCRFDTRTRSTLNLEGVNGGSLYVNNHAFHTPAYDKRAMAKLKPAPFFYY VVHD- Q- - - - VNYVPLRAT 460
MHV nap14.pro PANAVVCRFDTRVLNKLNLPGCNGGSLYVNKHAFHTSPFTRAAFENLKPMP YYSODTP| YMEG- DYVPLRSA 468
1BY nsp14.pro PDNSLVCRYDTRNLSVFNLPGCNGGSLYVNKHAFYTPKFDRI SFRNLKAMPFFFYDSSPCETI QV- DGVAQ- DLVSLATK 465
BCV nap14.pro PPNAVVCRFDTRVLNNLNLPGCNGGSLYVNKHAFHTKPFSRAAFEHLKPMPFFYYSDTPEN YMDG- MDAKQVDYVPLKSA 465
TGEV nap14.pro PEFSI VCRFOTRTRSKLSLEGCNGGALYVNNHAFHTPAY DRRAF AKLKPMPFFYYDDSNCELVDG- Q- - - - PNYVPLKSN 460
F'Y
N7-MTase
490 510 530
SARS-CoV-2 nspid.pro TRCNLGGA NEYRLYLDAYNMMI 5AGF suwvummﬁﬁ s27
SARS-CoV nap14.pro TRCNLGG YROYLDAYNMMI SAGFSLW YKQF DTYNLWNTFT- - - RLG s27
MERS-CoV nspld.pro TACNL TEYREYMEAYNLVSASGFRLWCYKTFDI YNLWSTFT- - - KVQ 524
HCoV-HKU1 nspi14d pro TRCNLGGA YCNYLESYNI VTITAGFTFW/YKNFDFYNLWNTFT---TLQ 521
HCoV-299E nap1d pro TKCNI YRAYVESYNI FTQAGFNI WPTTFDCYNLWAQTFTEV- NLQ 518
MHV nap1d pro TRCNLGGAV KHAEEYREYLESYNTATTAGFTFWYKTFDFYNLWNTFT- - - RLO 521
1BV nap14d. pro THCNI GGA AQMY AEFVTSYNAAVTAGF TFWWTNKLNPYNLWHSFS- - - ALQ s
BCV nepl4.pro TRCNL KHAEEYREYLESYNTATTAGFTFWYKTFDFYNLWNTFT- - - KLQ 521
TGEV nspid. pro TKCNI ﬂm@ﬂu\lLYRAYVEDYNI FMOQAGFTI WCPONFDTYMLWHGFVNSKALQ 519

A A A

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) Nspl4 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-Glo™ methyltransferase assay and FRET-based exoribonuclease assay for purified
nspl4. (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 nspl10 (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

nspl4 in the absence and presence of nsp10. ExoN assay samples were subjected to 20% Urea-PAGE.
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Figure SS5. SARS-CoV-2 nspl4/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 nspl4 (1 uM 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 nspl4 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 nspl4 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 Image].
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Figure S9. Cytotoxicity of SARS-CoV-2 nspl4 inhibitors against Vero E6 cells (n = 3). CCso 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
UUUUUUUUUUUUUUUUUUUUGAGCGGAUUACUACUACC-
i Bottom quencher RNA
BHQ-2
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Table S2. ICso of the selected compounds against MTase and ExoN activities of nsp14/nsp10.

Compounds ICs0 of MTase activity (WM) ICso0 of ExoN activity (uM)
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
AgNO; 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 nspl14 MTase activity upon Bi(III) treatment.

SAM-dependent

G(5”)ppp(5’)A RNA analog-dependent

4SABi: Nspl4

0 3 6 0 1 3 6
(Molar ratio)
Vmax (nM/min) 338.8£2.8 282.847.1 215.0+5.4 4243458 336.4+119  287.6£3.5  265.7£2.6
K (uM) 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(II) treatment.

RBC: Nspl4 (Molar ratio) | 0 5 10
Vmax (nM/min) 58.8+4.2 48.3£1.8 33.4+0.4
Km (uM) 259.9+3.1 267.7£6.9 261.5+6.2
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