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Table S1. Synthetic SARS-CoV-2 genes.

No. | Gene (peptide) Total AA | Total length | Comment®
1 nspl (G7-N178) 230 aa 701 bp 5’-Ncol-6xHis-2xStrep-TEV-Ndel-nsp -
Xhol-3’; Removed N-terminal disorder
2 nsp2 (A1-G638) 639 aa 1929 bp Full-length
3 nsp3 (E206-N1410) 1206 aa | 3630 bp Removed N-terminal disorder and C-
terminal 4 transmembrane (TM) regions
4 nsp3N (E206-E374) 169 aa 519 bp ADP-ribosylhydrolase (ARH) domain of
NSP3
nsp3P (E746-P1061) 317 aa 963 bp PL""* domain of NSP3
nsp3C (D1584-G1945) | 363 aa 1101 bp C-terminal domain of NSP3
nsp4N (K1-D279) 247 aa 753 bp N-terminal part; removed N- & C-
terminal TM regions
nsp4C (5386-Q500) 116 aa 360 bp C-terminal part after 4 TM regions
nsp5 (S1-Q306) 307 aa 933 bp Full-length
10 nsp7 (S1-Q83) 84 aa 264 bp Full-length
11 nsp8 (A1-Q198) 199 aa 609 bp Full-length
12 nsp9 (N1-Q113) 114 aa 354 bp Full-length
13 nspl0 (A1-Q139) 140 aa 432 bp Full-length
14 nspl2 (S1-Q932) 933 aa 2811 bp Full-length
15 nspl2P (Q117-E919) 804 aa 2424 bp Q117-E919 in SARS-CoV crystalized
16 nspl3 (A1-Q601) 602 aa 1818 bp Full-length
17 nspl4 (A1-Q527) 528 aa 1596 bp Full-length
18 nspl5 (S1-A346) 347 aa 1053 bp Full-length
19 nspl6 (S1-N298) 299 aa 909 bp Full-length
20 S (Q14-K1211) 1199 aa | 3609 bp Removed signal peptide and C-terminal
TM region
21 S1(Q14-R685) 673 aa 2031 bp S1 domain; removed signal peptide
22 S2 (S686-K1211) 527 aa 1593 bp S2 domain; removed C-terminal TM
region
23 orf3a (M125-L275) 151 aa 465 bp Removed N-terminal 3 TM regions
24 M (R101-N203) 104 aa 324 bp Removed N-terminal TM region
25 orf7a (E16-L96) 82 aa 258 bp Removed signal peptide and C-terminal
TM region
26 orf8 (M1-1121) 121 aa 375 bp Full-length
27 N (M1-A419) 419 aa 1269 bp Full-length; highly disordered structure;
phosphoprotein
28 NS (T49-D358) 311 aa 945 bp Removed N- & C-terminal disorders
29 orf9b (M1-K97) 97 aa 303 bp Full-length

* Each construct except for nsp! contains Ndel and Xhol restriction sites at the 5’-end and the 3’-end,
respectively.; a stop codon is added in each construct.
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Table S2. Grouping of the compounds from virtual screening against the ARH domain of NSP3.
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Table S2. Continued.
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Table S2. Continued.
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Table S2. Continued.
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Table S2. Continued.
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Table S2. Continued.

Group | Number | Reference ID MW
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Table S3. Binding check of the compounds in groups 10 and 12 to the ARH domain of NSP3 by

MST.
Number Reference ID S/N ratio* | Number Reference ID S/N ratio®

91 MolPort-000-664-093 0.8 111 MolPort-004-856-353 44
92 MolPort-002-952-102 34 112 MolPort-000-813-761 7.5
93 MolPort-019-694-241 3.6 113 MolPort-006-809-859 10
94 MolPort-002-574-436 1.3 114 MolPort-028-604-154 54
95 MolPort-003-000-526 12.7 115 MolPort-000-773-077 13
96 MolPort-044-431-605 14.8 116 MolPort-038-429-727 59
97 MolPort-002-665-215 10 117 MolPort-006-805-445 19
98 MolPort-028-604-773 7.8 118 MolPort-006-808-970 1.7
99 MolPort-005-919-460 1.1 119 MolPort-038-430-484 13.5
100 MolPort-005-308-515 4.7

* The signal-to-Noise (S/N) ratio higher than 5 in MST indicates that a ligand binds to a target.

The compounds showing the binding are in bold. The compounds exhibiting the high S/N ratio
are indicated in gray shades.
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Table S4. Thirteen out of 82 compounds in the second set (groups from 13 to 21 in Table S2)

exhibiting the interaction to the ARH domain of NSP3.

Number Reference ID S/N ratio® | Number Reference ID S/N ratio®
121 MolPort-021-767-645 6.9 138 MolPort-002-510-495 9.6
122 MolPort-029-903-833 54 147 MolPort-000-838-047 13.6
123 MolPort-007-606-006 18.8 173 MolPort-044-431-627 419
127 MolPort-035-704-162 7.8 175 MolPort-000-835-972 13.3
128 MolPort-035-704-312 13.8 190 MolPort-044-809-845 6.9
129 MolPort-035-702-334 7.0 200 MolPort-002-985-610 7.1
130 MolPort-029-882-857 13.3

* The signal-to-Noise (S/N) ratio higher than 5 in MST indicates that a ligand binds to a target.

510



Xhol

17 terminatol_

u\.N\)—

PETHST-SARS-CoV2

~dans-

7324 bp 8 Ndel
I L TEV site
O T 6XHIs
Ncol

T7 promoter

Figure S1. Schematic of the pPETHST-SARS-CoV-2 plasmid. The thrombin cleavage site and the
T7 tag in the vector pET28a (+) were replaced to the Twin-Strep tag and the TEV cleavage site to
generate the expression vector pETHST.
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Figure S2-1. SDS-PAGE for expression of SARS-CoV-2 NSP1, NSP7, NSP8 and NSP9. The
protein expression was induced with 0.2 mM of IPTG for 2 hours at 37 °C (A) and with 0.4 mM
of IPTG for 18 hours at 16 °C (B). The red and blue arrows indicate the target proteins in soluble

(S) and insoluble (I) fractions, respectively.
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Figure S2-2. SDS-PAGE for expression of SARS-CoV-2 NSP10, ORF3a, M and ORF7a. The
protein expression was induced with 0.2 mM of IPTG for 2 hours at 37 °C (A) and with 0.4 mM
of IPTG for 18 hours at 16 °C (B). The red and blue arrows indicate the target proteins in soluble

(S) and insoluble (I) fractions, respectively.
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Figure S2-3. SDS-PAGE for expression of SARS-CoV-2 NSP10, ORF8 and ORF9b. The protein
expression was induced with 0.2 mM of IPTG for 2 hours at 37 °C (A) and with 0.4 mM of IPTG

for 18 hours at 16 °C (B). The red and blue arrows indicate the target proteins in soluble (S) and

insoluble (I) fractions, respectively.
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Figure S2-4. SDS-PAGE for expression of SARS-CoV-2 NSP2. The protein expression was
induced with 0.2 mM of IPTG for 2 hours at 37 °C (A) and with 0.4 mM of IPTG for 18 hours at

16 °C (B). The red and blue arrows indicate the target proteins in soluble (S) and insoluble (I)

fractions, respectively.
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Figure S2-5. SDS-PAGE for expression of SARS-CoV-2 NSP12, NSP12P, NSP13 and NSP16.
The protein expression was induced with 0.2 mM of IPTG for 2 hours at 37 °C (A) and with 0.4
mM of IPTG for 18 hours at 16 °C (B). The red and blue arrows indicate the target proteins in

soluble (S) and insoluble (I) fractions, respectively.
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Figure S2-6. SDS-PAGE for expression of SARS-CoV-2 NSP5 and N. The protein expression
was induced with 0.2 mM of IPTG for 2 hours at 37 °C (A) and with 0.4 mM of IPTG for 18 hours
at 16 °C (B). The red and blue arrows indicate the target proteins in soluble (S) and insoluble (I)

fractions, respectively.
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Figure S2-7. SDS-PAGE for expression of SARS-CoV-2 NSP5 and N. The protein expression
was induced with 0.2 mM of IPTG for 2 hours at 37 °C. The red and blue arrows indicate the target

proteins in soluble (A) and insoluble (B) fractions, respectively.
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Figure S2-8. SDS-PAGE for expression of SARS-CoV-2 NSP3,NSP3C, NSP13,NSP14, S, S1,
S2 and NS. The protein expression was induced with 0.4 mM of IPTG for 18 hours at 16 °C. The

red and blue arrows indicate the target proteins in soluble (S) and insoluble (I) fractions,

respectively.
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Figure S2-9. SDS-PAGE for expression of SARS-CoV-2 NSP4N, NSP4C, NSP3P and NSP15.
The protein expression was induced with 0.4 mM of IPTG for 18 hours at 16 °C (A) and with 0.2
mM of IPTG for 2 hours at 37 °C (B). The red and blue arrows indicate the target proteins in

soluble (S) and insoluble (I) fractions, respectively.
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Elution buffer: 50 mM Tris-Cl, pH 8.0, 150
mM NacCl, 2.5 mM desthiobiotin

ST: Eluted fraction from A; W1, W2 & W3:
washing buffer I (50 mM Tris-Cl, pH 8.0,
150 mM NaCl, 20 mM Imidazole)

E1: Washing buffer II + 200 mM Imidazole
E2: Washing buffer II + 400 mM Imidazole
E3: Washing buffer II + 800 mM Imidazole
E4: Washing buffer I + 1 M Imidazole

Ni: Eluted fraction from B; W1, W2 & W3:
washing buffer I (50 mM Tris-Cl, pH 8.0,
150 mM NacCl, 20 mM Imidazole)

E: Washing buffer I + 800 mM Imidazole

Figure S3. SDS-PAGE gels for the purification of SARS-CoV-2 NSP3 (ARH domain).
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Figure S4. The chemical structures of seven compounds that bind to the ARH domain in the

first set. Compounds 96, 98 and 119 are racemates.
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Figure S5. The chemical structures of 13 compounds that bind to the ARH domain in the

second set. Compounds 121, 147,174, 175 and 190 are racemates.
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