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Fig. S1. Flowchart for preparation of SARS-CoV-2 protein structures and drug
library for docking. (A) SARS-CoV-2 protein structures were selected from available
crystal structures, and where unavailable, homology models were created from related
coronaviruses. (B) FDA-approved drugs were extracted from DrugBank and prepared
for downstream docking experiments. (C) From the assay library, 1,268 FDA-approved
drugs overlapped with our in silico drug library, out of which 105 small molecule drugs
had ICso < 2 uyM against Huh7 cells. These were termed ‘Reference Drugs.The
flowcharts were prepared using PowerPoint software.
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Fig. S2. Z score distributions of drugs for each predicted site. Each black open
circle represents a single FDA-approved drug. The dashed red line depicts the Z score
cutoff at 2. The plot was generated with R language using the ggplot2 package.
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Fig. S3. Molecular weight dependence of scoring methods. The prioritized drugs from site 6
of the spike protein are shown using different scoring methods. (A.) A strong positive correlation
was observed between the Z score and molecular weight for the prioritized drugs when using the
docking score alone. (B.) However, utilizing the FQ score minimized the positive correlation. The
dashed red line represents the Z score cutoff at 2. Plots were generated with R programming
language and the ggplot2 package.
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Fig. S4. Protein RMSDs from molecular dynamics simulations trajectories. RMSD
calculations were performed using the peptide backbone (C, Ca, N). Runs 1, 2, and 3 are colored
red, green, and blue, respectively. Systems with larger RMSD display the cases where drugs
migrated to symmetry-related sites. Plots were generated with R programming language and the
ggplot2 package.
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Fig. $5. Drug RMSDs from trajectories of successful systems. RMSD calculations were
performed using the heavy atoms (i.e., non-hydrogen atoms) of the drug. Runs 1, 2, and 3 are

colored red, green, and blue, respectively. Plots were generated with R programming language
and the ggplot2 package.
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Fig. S6. Drug RMSDs from trajectories of failed systems. RMSD calculations were performed
using the heavy atoms (i.e., non-hydrogen atoms) of the drug. Runs 1, 2, and 3 are colored red,
green, and blue, respectively. Plots were generated with R programming language and the

ggplot2 package.



Fig. S7. Domperidone is predicted to displace ADP ribose from the ADRP domain
of NSP3. (A) The chemical structures of domperidone (1) and ADP ribose (2), with
Moiety 1. (B) The final snapshots from runs 1 and 3 (red and blue, respectively) are
displayed in comparison with the original docked pose (yellow). (C) ADP ribose (cyan)
binds to the active site of the ADRP domain of NSP3 (PDB: 6WOQOJ). (D) Upon achieving
a stable interaction, domperidone was observed to cause lle131 to move outwards,
opening up the ‘clamp’ seen over the ribose on ADP ribose prior to hydrolysis. (E)
Furthermore, Leu160 moves away to reveal a cryptic site that allows for the



accommodation of the non-chlorinated 1,3-benzodiazol-2-one group of domperidone,
which is further stabilized with Phe156. For both (D) and (E), the original docked system
(yellow) was compared with the final frame of run 1 (red). (F) A 2D interaction map of
domperidone bound in the system with final frame of first MD simulation replicate.
Graphics were generated using PyMOL and MOE.



Fig. $8. Avanafil interacts with an allosteric site on NSP15. (A.) Representative frames from
run 1 are shown in 10 ns increments (blue > green > red). (B.) Hydrophobic surface
representation of the putative allosteric site to which avanafil binds was determined using MOE,
where green and purple denote hydrophobicity and hydrophilicity, respectively. (C.) Avanafil is
situated in an exposed pocket that is readily accessible to the exterior of the protein via a solvent
channel. (D.) A 2D interaction map of avanafil with the system with final frame of first MD
simulation replicate. Molecular graphics were generated using PyMOL and MOE.



Fig. S9. Levomefolic acid interacts with a putative allosteric site formed between
the trimeric spike protein complex. (A.) Representative frames from run 1 are shown
in 10 ns increments (blue - green - red). (B.) Hydrophobic surface representation of
the putative allosteric site to which levomefolic acid binds was determined using MOE,
where green and purple denote hydrophobicity and hydrophilicity, respectively. (C.) A
2D interaction map of levomefolic acid with the system with final frame of first MD
simulation replicate. Molecular graphics were generated using PyMOL and MOE.
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Fig. $10. Amprenavir interacts stably with a putative allosteric site on the spike protein.
(A.) Representative frames from run 1 are shown in 10 ns increments (blue - green - red). (B.)
Part of amprenavir remains buried in the predicted site throughout the simulations. MarvinSketch
was used for drawing and displaying the 2D chemical structure, MarvinSketch 18.18.0,
ChemAxon (https://www.chemaxon.com). (C.) Hydrophobic surface representation of the
putative allosteric site to which amprenavir binds was determined using MOE, where green and
purple denote hydrophobicity and hydrophilicity, respectively. (D.) (Left) Single monomer of
homotrimer S protein. Domains colored RBD (Cyan), S1 (cyan marine). (Right) Amprenavir to
spike allosteric site. 2D generation map of docked pose. Created with biorender.com. (E.) A 2D
interaction map of amprenavir with the system with final frame of first MD simulation replicate.
Molecular graphics were generated using PyMOL and MOE.
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Fig. S11. Calcipotriol maintains a stable interaction with the RBD of the spike
protein. (A.) Representative frames from run 1 are shown in 10 ns increments (blue >
green - red). (B.) Hydrophobic surface representation of the putative allosteric site to
which amprenavir binds was determined using MOE, where green and purple denote
hydrophobicity and hydrophilicity, respectively. (C.) A 2D interaction map of calcipotriol
with the system. (D.) Calcipotriol contained both (a) solvent-exposed and (b) buried
regions. The heavy atoms (i.e., non-hydrogen atoms) were used to calculate drug
RMSDs from the trajectories for both regions individually. Runs 1, 2, and 3 are colored
red, green, and blue, respectively. MarvinSketch was used for drawing and displaying
the 2D chemical structure, MarvinSketch 18.18.0, ChemAxon
(https://www.chemaxon.com). Molecular graphics were generated using PyMOL and

MOE.



Fig.S12. Nintedanib interacts with the RNA-binding domain of the nucleocapsid
protein. (A) Representative frames from run 1 are shown in 10 ns increments (blue >
green - red). (B) Hydrophobic surface representation of the putative allosteric site to
which nintedanib binds was determined using MOE, where green and purple denote
hydrophobicity and hydrophilicity, respectively. (C.) A 2D interaction map of nintedanib
with the system with final frame of first MD simulation replicate. Molecular graphics were
generated using PyMOL and MOE.



Table S1. Homology Model Statistics and Modeling Data

. Template . RMSD Ca RMSD Contact Packing Atom BB Bond BB Angle BB Torsion Rotamer
Species E-value % 1D Region GB/VI u E sol Eele E vdw E bond N " . .

Species  Evalue  “pppp 2B ReQON ) mean to Mean Energy Score — = I Clashes Outliers Outliers Outliers Outliers
SARS 4.603e-60, 2GDT 86% 2-116 0.1601 0.00000 -106.62647  2.1425035 -32994 -8644 -1796 -9102 14 444 0 0 4 4 0
NSP3a SARS 2.74E-48 2GR 79%  17-112  0.0000 ~ 0.00000  -80.180763  2.2122338 -26454 -6145 -2470 -6852 217 491 9 0 1 2 0
NSP3 SUD SARS 1.91E-126 2W2G 75% 1-264 0.0776 0.03018 -465.59048  2.2028725 -143896 -38098 -6419 -40012 -204 2117 8 3 20 13 0
NSP3 NAB SARS 2.98E-49 2K87 82% 2-92 0.1494  0.00000  -61.182095  2.1671281 -22871 -5925 -1592 -6277 -19 371 0 0 2 4 0
NSP 4 He;:gi:zelxsg 2.47E-23 3VCB 60% 5-94 04073 024649  -62.182476  2.1781962 -22020 -5164 -1031 -6574 292 1119 23 7 10 7 0
x,?r:lf) SARS 0 6JYT 100%  3-603  0.0183131 0.007030345  -873.005 2.2819099 -468183 -112055 -18909 -119831 2262 5514 68 12 30 65 5
NSP14 SARS 0 5C8S 95% 1-5627 0.286933 0.2587229 -809.2572 2.1527419 -383837 -91606 -19052 -99075 2099 5370 97 0 17 10 5
EP::::::;” SARS 1.01E-23 5X29 89% 20-81 0.8426 0.76003 -118.68491 2.1943591 -1364 -245 -562 -513 22 245 115 4 7 19 3

Nucleocapsid

SARS 4.65E-66 2CJR 96%  11-128  0.0000  0.00000  -258.84213  2.177073 -163763 -40916 -6551 -43357 435 2006 44 19 9 14 1

CTD




Table S2. Site nomenclature, sites, and PDB ID. Residues numbers to define sites.

High-Confidence' Co-Crystallized Ligand
Site # Hits Site Type PDBID PLB-Score| Site Notes
1 - Putative Allosteric _2GDT*" (1.9 Site finder. N-terminal domain of protein. rescues: vss, €7, K8, G5, VD 61, 762 G5B, 299
1 - Putative Allosteric  2GRI*? 2.7 Site finder. nesdues: 11, 112, 013, £1, 162, E66, W67, A70, 71, Y72, Y73, B9, 590, £91 (2GR Numbering)
NSP3 - ADRP J Domperidone, Co-Crystallized N 5 AMP Site. Resdues A21, 022,123, V24, A35, A39, N0, ki, H45, G4, GA7, G48, V45, AO, G, AS2, G97, PL25, 126, L1Z7 S126,AL29, G120, 131,
- Ligand W02 AMP (PDB ID: 6W02) F132, 613, 13, Ai54, V1S5, 155,017,160 W02 Nuoering)
- Nucleotide bindin ite fi in B Rescues: 4 o0, ” et 46, Y647, R
NSP3 SUD B Fedratinib " 9 wage 28] Site finder. Chain .B.fesiues: G513, G514, Gs16,515, 7520, 542,61 47,8649,
i
Active Site/ Co- Co-cerystalzed Ligands (PDB D3Mi5,  PrOYESE ACHIVE SIte. Resicues LIG2A, G163A,DI64.A, VIGS A, RISSA, E1674, 51704, YITLA, M206.A, M08, 52654, 2464, P247.A, P28,
1 - eretalived 9% SOWD, 4OVZP S [pLot5] | YEGAA, W64, Y260, Q9. GE7LA, Y74, TIOLA, IO, WAGG, AGTS, 01088
2 Aminovulinic Acid__Putative Allosteric (1.8) Site finder. sesdues: D12.4, V134, 144, Y564, Y7LA, 72, Y834, ALILA, DI3AA, ALZ5 A, RI38.A, EL3A NIGA, LIS0A
INSP3 PLPro swec Resdues: A35.%, DRO &, VAL, TAZA, KE3 . 1447, 555, NGB A, NED A KOZA, W3 A, K94 A, K105, WIOG A, 10T, D106 A, NIGD A VIS0 A, GIGOA,
Co-crystallized ligands (PDB 1D; F16- L62A U694, D108, 1058, 555 Nises, K157, IS8, VISas, GIGDS, F1618 L1628, G1636, D164 RIGSs, 1678 Y1718, 12083,
3 . Co-Crystalized crystallized ligands 52455, A246.8, 247, P243.5, Y2645, N267.5, Y266.5, Q269.5, C270.8, G271, Y273.0, 0L, 03028, D76.C 7., 78., RE2., H8.C, K92, WO3., k9.
Ligand SvIM)® 104G, K0S, WI06.C, AL07.C,DIOB.C NIOS., N0, Y112.,CIS5.C, NIS6., KIST.C, TIS8, VISS.C G160, E16L, LIG2 GI63.C, 0164, RIS6.
€167.C IR, 171G, M20B.C, A246.C, PR47.C, PRABLC, Y264.C N2G7.C, V268.C, Q260.C,Y273.C, L289.C, TI0LC, D302.C
INSP3 NAB 1 B RNA Binding Site?  2Kk87* (1.6] Site finder. sescues: 93, K17, 7135, Tiz0, waas, aze
1 - Putative Allosteric 128 Site finder. Residues vads, vist, Kis2, FAS4, MASS, V463, A, 459, K470, P4%0, 0491
2
INSP4 3VCB i e
N B putative Allosteric 1] Site finder. Rescues: 445, s, K452, Y453, 454, 5455, WSS, YAG3, AdGS, A4G7, HAT0, K73, A474, DAT7, LSS, 437, Q4GS PSS PAS0, 0451, TaS2
Site finder. Near crystal homomeric dimer face. resdues 3.4, A, k5.4, M6, A7A, V125.8, Y126, Q127.0, RIFLA, KIS,
. GI38.A,T165.0, GI70A, VI7LA, HITLA, DIS7.A, TI9A, TISO.A, W2OT A, LISLA, G263.0, S284.A, A2ES.A, 256, L267.0, E268.A, D269.0, E2SDA, 291,
N Fosamprenavir  Putative Allosteric 4] 516,628, 73., 745, K55, M5, A7 VIZ5.0, 126, Q127.6, CI28.5, RI3L8, K137, D157.5, IS8, 1998, W207.5, N214.6, 0216.5, 2828, G283.5,
52845, AZ85 5, 12865 267, E268.5, 0289., 2905, 2918
NSP5 Classical (Active ~ 6YB7" Co-crystallized ligands(e.g,  CVS Protease active site. Co-crystallized ligands (e.g., SRGO,SRFZ,SRFI) esicues: 244, 725.4, T26.4, 274, N28., Ho1.A
2 - - VAZA, CALA, THSA, UG, 47, WASA, PSE.A, S, Y18, FLUOA, 191, NIAZA, GLUZA, 144, CLAS.A, HIGEA, HIGLA, MIGS.A, ELGGA, IT2A,
Site) SRGO,5RFZSRFI)? [PLB=3.7]  pye7s mssa, arson
it rearmi  CoCstalized Cocrystallized igands (PDBID; _ Reses V33, 55, D564 oA, 554 W63 A VA, GTo A, WOOA, LA, WEZA, K89,
iglustat, ini
8 Ligand SRE6, SRES, SRFC).
3 Classical (RNA Remdesivir docked in predicted Pose. fesicues Qiéd A, At484, 4514, 04524, V455, V542 5, K545.A, K551, NS52.4, 1553, ASS4.4,
- 4.4) RSS5.A, T556.4, VSS7.A, G616.4, WG17.4, D618.A, Y619.4, PE20.A, K621A, C622.4, D623.A, R624.4, SE82A, DT60.A, DT6LA, AT62A, VI63A, AT9TA,
(NSP12) Binding Site) K798.A, C799.4, WB00.A, HS10.4, EB1LA, F812.A, CB13., S814.4, GBISA
Large groove near helicase domain. Perhaps for RNA binding? rescues: 245 0, 1246, 2494, A250A, ISLA, 252,
2 525,265, 12664, 268, NBLAA, V315, 316, SYIBA, TRISA, V320, FIZLA, P22, P23, TS24, FI26., GI27A, P28, V330, SH3A,
NSP12 - Putative Allosteric (551 Y346, AT, FSA, 3494, EIS0A, PITEA, ATTON, AJBLA, ASELA, TIOAA, CI95A, F306.A, VI98A, VAS6.A,RAST.A, NASO.A, LUGOA, PAGLA, T462.,
NSP 7/8/12 ( ) P PS37.A,PE27.A, N628.A, MG29.A, S664.4, MEG6.A, V6T5.A, KE76.A, PG77.A, GE76.A, PLIG.D, LI17.0, N116.D, 1195, 1200, P121.0, 122.0
Metoprolol, Interface between NSP7 and NSP8. residues: (56.8, 159.8, 160.6, M62.8, Q63.8, G64.8, A65.8, V6., D67.8, 168.8, F92.C, 1107.C, V115.C
3(Nse7) v pEI' ot PPINSP7-8) -
ipivefrin, Eliglusta
4 (NsP8) Putative Allosteric 18] Site finder. Resdues 1106 NI09.C AIIOG CLI4C VI1SC PLISC, 120G UZ8.C V130G V131G 1320
S (NSP7) . PP (NSP7-12) B Interface between NSP7 and NSP12. fesides: 14094, V410 A, Ki114, PA1ZA, GI13.4, WIAA, F415.A, Y420 A, FA294, EA3LA, 4374,
KESBA, FAAD.A, FAGLA, FAAZA, AMLA, Q444 DAAS.A, GAAG.A, ASSOA, KSSLA, NSS2A, FAA
1 - Putative Allosteric 2.1 Site finder. Perhaps ssRNA binding site? Residues: Q50.6, 0518, L52.8, K53.6, L10.8, E718, P72.6, P73.6,Y90.8
INSP9 5 Homodimer PPland 6W4B" 9] Site finder. Likely groove for RNA binding, site also overlaps with homodimer interface. esidues: €714, P72,
RNA Binding Site : P73, CT4A, LBSA, 90A, FOLA, KIODA, LIO4A, MLB, N3.6, 15,5, 1988
T Site nder nteracion ste Wi RSP16.Resdues: 4308, CFIZ6,CISZ7, L1325 VA315, U336, PA337, NATSE, FASAZ CAS43, DA%, ISt VAL, T4360, iaes
(Nsp10) Fedratinib Putative Allosteric 2.5] NA367, T4365, V4369, WA375 *Residues 3 assinged n POB fle”
a5
NSP10/16 5 Cassical (Active | OWAH Residues: K6822, C6823, D6824, L6825, Y6828, MGBA0, N6BA1, K6B44, F 6868, G6969, AGBT0, GGBT1, 56872, D873, K874, 56696, DE897, 16698, N6899, GE911,
se) . P S-Adenosylmethionine (SAM) [5.0] DE912, 913, Ae914, e916, 06928, MGS23, 6930 D693, o932, T6834, K935, V937, G646, 647, TER49, Y6950, K968, T6370,E6971, ST, S697,
ite] e . €001+
N Redues K135, 143, E163, 145, K146, 149, L1, RIGL, 16, P17, (76, NT77, L7, 75, V180, V81, V183, QIS4 197, VIS8, 199, F301, 207, G703,
NSP13 ) . Co-crystallized i SSYA-001-10 and Adenosine oo, 20 208 210, 12, To14, T228,Ha30, T231, M233, A208, G309, 5310, KL, A312, A313, P33, 337, A338,R33, V340 359, V360, 361, 375,
Ligands 6IYT 3.7 'A379, T380, Y362, D383, V386, R300, L405, PA0G, A4OT, PA0S, R409, T410, 11, L412, T413, GA1S, T416, 17, F422, 5486, P51, Y515, NS16, NS19, A520, T530)
522, D534, 5535, 0537, 5539, Hd, N7, S,
Co-crystallized CorcysiaTzed g S-Adenoey T hestoes 0.y o Whss 0 1S S35k s s WSS, P35 VS5, G2 55, ook P55, 55, 50, 7, AR 570, o W, 5, 57
1 - . v rize
" Restues 205, 305, 309,10, 313, V313, I3, W14, A4, K336, Co, WA, 38, G347, NAGA, FAGL, VAZ0, NAz%, KaZ3, Wz, Fa, FAaT,
2 - Puttative Allosteric Mienome 55" Tiahoughate | T425,F506
17
NSP14 3 5 PPI (NSP10) 58 Site fINGer. Residves Y124, T131, 0132, 135, N1GD 16, K196, V139, K200, 217, 5218, 219, A220, S22, D222, 0234, Y235
4 - Putative Allosteric [L.6] Site finder. Residues: Pas?, L46s, Kd69, 5470, AGTL, CAT3, 1470, T4TS, NATS, GABL, AdS2, VA3, CABA, HAST, A4S, Y491, W520
5 Tamoxifen Classical (Active 137 Putative catalytic site with residues numbered for SARS-CoV-2 homology model. esidues: 180, c285, 7288, k285, Raso |
ite) . 4290, 0291, v296, Heze,
) Classical (Active ) Ligand binding site. resuesi2304, Y231 vaira, 2014, 52420, W43, 52005,
1 Fosamprenavir Docked Benzopurin B Q2455 246, G247, G248, L2494, HESO.A, LISLA, S269,, K290A, C291A, V292, C292.4, S290.4, WAL, KBZ5.A, HILA, V330, EX00A, THLA,
Site) FIA2A, Y303, P344.4, KIAS A, 346.4, Q3474
Site finder. Residues: 65,0, K714, K90.A, QIE0A, GIG5.A, V166.A, 674, LIGSA, 160.A, T196.A, QIS7.A, S196.A RIS9.A, N20OA, L20LA, QZO2.A,
2 - Putative Allosteric 4.2 2034, F204. 2644, 4, 2750, V276.A, K2TT.A, Y219.4, V295 A, 1296 4,
NSP15 6wo1™® Interface between two protomers .A and .B. resicues: 526., 1288, N29.8, K35.5, G38.8, V39.8, DD, N30.C, NAG.C, KA7.C, T48.C, T49.,
3 Raloxifene PPl 15.2] 150, P51.G, V52, V54., 158, 7., B0, VB5.C, K90, F9L.C, 03 o, 199, 5104.C M105., T106., D107, 0B,
- T115.C, 1116.C, P119.C, L120.C, P271.C, N30.0, N46.D, T48.D, T49.0, L50.0, P51.D, V52.0, V54., D79.0, 180.D, R91.D, 197.0, 598., T99.0, M105., T106.0,
D107., 1108, 1160, C117.0, PLI9D, L1200, 526, 285, 29, 3., KIS, G366, V39., DADE, VALE, E42
Site Finder. Near interface between two PPIs, but not directly on it, may be allosteric. nesues e261., 52624,
4 Avanafil putative Allosteric (2.8 7263 A, £265.4, A284.A, 0285 A, E65.C K71, KS0.C Q160G G165.C, VI66., TI67.C LIGSC, 165.C, E17LG, ISG., Q197.C,S196.C RISH.C, N200C 201,
Q02 £203.. F204.C, K205 07, L252., 125 259, F264.C, £265.C L266C, D268, M272.C. DTS, S274., T275.CV276. K277, V5.,
Site Finder. Near homomer interface. Residues: 1712.4, A713.A, I714.A, P715.A, S884.4, GBS5.A, W8B6.A, T8S7.A, L894.A, QB95.A, 1896.A,
QS0LA, 19044, NSO7A, G0BA, 19094, G910, VSILA, T912A, Q913., NS14 4, E1OSLA, GI035 A, Q1036A, L0374, KIO3.A, RI039 A, VIOM0A,
DI04LA, G1046.4, Y1087, HIOHSA, KIOES A, 1085, FI0ED.A, PIO90.A, RIOSL A, E1052., G1093 A, V1034 A, V11044, T1105A, Q1106 A, RII07A,
LGS LA GUISA 114, THIGA,TILTA DLISA NIIOA TIZ0A FIZLA VALZZA 115 GHZAA VISTA DTS PLAOA
s, o 11654, 7126, A713.8, 1714.8, 7155, 884, wases, 1696.5, 05015, Y9045, 9055,
Putative Allosteric 3068 M 505001 6, G4, 911, S128 912, 191,910 G0, A, 10975, KOO0 SO A V10O, DI, IO,
1 - o (105] 1043, G108, K1045., 10465, Y1087, 10485 T1066., HIO83.5, KIOB6.5, H10855,P1090.5, RI091, E1052.5, 10935, V10946, V11045, 0S5,
or Q1106.8, R1107.8, N1108.8, F1109.8, 11118, Q1113.8, 11114.8, T1116,8, T1117.8, D1118.8, N1119.8, T1120.8, F1121.8, V1122.8, §1123.8, D1139.8, 11408,
L1161, E1164.8, 1712, ATI3.C, 718., PTI5.C, SEBA. G855, WRS6.C,T887.C, L894.C, QS95.C, 136.C QO0LC, Y904., R90S.C NID.C, GS08.C 1503,
GSI0., VO11.C, T312.C, 913, 914 031G, Gi03: 1040, 01041, GIO46., Y1047.C, 48 K108s.
H1085.C,PL0SO.C, RIOJL.C,E1092., G1093., V1094, V1104, T1105.C, Q1106.C, RI107.C, MI108.C, E1111.C, QIEI3.C, 11114, T116C TH1E7., D1118
NILI9.C THI20C FL121C VI122 S1123.C VEAT7.C, YI136.C, D1139.C, PLIADC, U114LC QIM2C E1LAAC
Site Finder. PPI between heads of two trimers, though in open state. Near homomer interface. esides
e 13264,u327, NS4, R2S5A, K356, RAS7.A, Y3804, G3B1.A, KGH.A, D380, BS0.A, CI9LA, 3020, 964, P12, PAZEA,
» Al D427, D428.4, FA20.0, T430A, KAG2.A, PAS3A, FASLA, 4G5 A, RAGEA, DAG7.A, HGE.A, SS14A, FSI5.A, ESIE.A, LST7.A, ISIB.A, HSIO.A, KSZB.A, NSHOA,
2 R utative Allosteric 4.9] FSALA, N542A, NS44.A, GS45.A, 546, TS47A, GSA8A, TSSA, FS65.A, RSG7.4,DSGA, | DS7LA, TS72A, TSTAA, 87, P
or PPI V42,8, R44.8, F86.8, N87.8, DB8.8, G89.8, G107.5, T108.8, T114.8, Q115.8, V130.8, T167.8, F168.8, N196.6, 1197.8, D198.8, G199.8, Y200.8, P230.B, 12318,
62325, 12335, N23AB, 1235., 734., M7408, Y74L5, 7425, CA3., G744.5, 7455, 7465, KESA.5, 55,5, NS6.5, 858., T8S9.5 VEGD., 19595, K960,
V9G35, 19665, S967., N962.5,GS71L.5, AST25, 973.5, 5574, S575., V9765, 19775, NSTB., D979.5, 19915 S982.5, O35, 0992.5, O95.5 L9965
RI008, 1752.C, 075 E990.C V991G 0994.C
Site Finder. Residues: DA0.A, KALA, VA2A, FA3A, RA4.A, S45.A, SA6.A, VAT.A, Lo
S - Spike 6vy8™? A292A, E298.4, CIOLA, TI02A, 1303.4, K304, Y3134, QB14A, T3I5.A, S3I6.A, N317.A, DISOA, N9S3.A, Q954.4, Q957.A, ASSS.A, NSGO.A, TIGLA, KI64A,
3 . putative Allosteric 356] O S50 SEUA N3, STOR TS ST STSA VSTOA DTS, 5584 SELA GIO0A, 103 RO, MDISA EIT VT,
0737710, T79 WIAGA IS4 Q5,178 7575755, IO, 7615, QL8 NIGH S TG, 7681153, 7108, V725,
7 s, o o xo . s oo
Site Findor. Conter core of trmer Spike protein. Near homomer interface. resides: 7254, 727, 17285, €773,
K776 4, N777.A, E780., KS47.0, D350.0, VS51LA, G854, R0L4.A, AL0J6 A, EIO17.A, 11018 A, RIOIS.A, ALO20.A, S102LA, NIGZ3.A, LI024.A, ALO26.A,
1027, K1028 A, S1030A, E1031.A, RI039.A, VIOA0.A DIOALA, FI042.A, G104 A, E725., 7275, P728.8, E773.5, K776.3, NT77.5, T80, G465, KS47.5,
4 - PPI? (Trimer) 2.9] 09508, 5, N10233, L1024.8, AL026.8, T1027., 10318, 110325, V10408,
DI0KLB, F10928, 725 727.. PT28. K76, 780 Q784
51021, NI023. L1024 C ALOZ6C, TIGZ7.C KI026. S1030.C, ELGBLC, RIO30.C, VI0A0.C, D104LC, IO, G1084.C
R _ putative Allosteric 4] Site Finder. Closed region of RBD domain. SIMIIar o Site 7. fesdues 5.7 R6A, F347.4, VADLA, LLA, D442, Vais A,
GAdeA, NS A, NSO, VSLA, 15050
ite Finder. Near $2' cleave ite. Residues: V: MT31A, T7132.A, K733.A, TTT8A, F: F u TE66.A,
6 ~ putative Allosteric 23] Site Finder. Near 52' cleavage site. fesia 32.0,K733.4, 778, 866,
D867, 18704, 51055 4, A1056A, PIOS7.A, H1058.4, GI0S9A
S _ op1 1200 Site Finder. Closed conformation near RBD and spike homomer interface. resdues F312A, Nat3 &, A3ia A, 345,
- F347.A, S371.A, S373.4, F37.A, W436.A, NA37.A, 5438.4, N439.A, N440.A, LA41A, DA42.A, RS09.A
Classical (PPl w/ Open Conformation, RBD contacts w/ ACE2. Residues: 1035, £406 8, Ki17.5, NA39.8, S443.5, K444 5, Va45.5, GA46.5, G447 5, A48 5,
8 - ACE2 (PDB ID: 6VW1)** V49,5, 1452.8, Y4535, R454.5, L4SS B, FAS5.5, AST.S, KESB.B, L4926, Q43,5 S494.5, Y495.5, F497.5, 4S8.5, P499.5, TSO0.8, NSOLB, GS02.5, V5035, G504.8
ACE2) 15055, 5068
i _ op1 22 Site Finder. Core of pentamer, would bt ol GIMeriZatn.feses 23 274 T 314 5 54 G382
- LSLA, PS4, YST.A V248, V253, 265, V295, 315, A2 |
E Protein sx29+2 Site Finder.Near PPI of ROMOGITI.tses s LsA A2z V254 264, Mish s L1358 A28 1253 V298 508 558 04
) . opl 221 8., 19, G10C, G, L FeC G TG B B Ya2.C,CA3., WG, v 16 rs0c 801D
: 112,145, NI5D, 165, 8D, LS., A22.0,V25.0, 260, 535,135, b the nE, 0 ot ¢
Site finder. All sites at or near P! interfaces, which could disrupt packaging of RNA into nucelocapsid.
1 . PPl 338] ResGUESNAB A, T4DA, ASO.A, WSLA,NTS A, T76A,NT7.A, GL14A, THIS.A, GL16A, KI43A, DI44A, IS5 A, 1464, G147, TI48A, RIS NISOA,
0,920,134, 1950, G96.0, G370, KI02.0, 104, S105.0, R07.0, 108,
VIS0, 1590, A1
B . op1 28] Site finder. nesdues: F53.8, 7545, A55.5, 156, 7.5, 59,5, 526, 1945, L1045 5105, R107.5, Y1095, RL4S.5, ALS6.5, VIS8, 1535, Y172.6, ALT3.0 |
- G46.C, NA7.C, NAB.C, T49.C, W52.C, NT7.C, T115.C, G116.C, H145.G, 1146.C, G147.C, T148.C, R149.C, N150.C, N154.C
2
. 6VY0 Site finder. Overlaps between dimer interface and RNA binding site (PDB ID: 7ACS and 7ACT). rescues: 50,
Nucleocapsid RNA Binding Ssia Fsan 157, V109, Visaa,
3 - Pore/PPI [4.6] L1594, QI60A, LIGLA, PI62A, QI63.A, G164, 165 A, LIST.A, ALTSA, G46., N47.8, NAG.5, 495, WS2.5, F53.8, 73., 1748, N75.5, T76.6,NT1.5, 78,5,
5795, 0626, Y1126, G1145, T115,, G116.5,P117., AL19., D164., H1E55, 1466, G147, TL48.5,RLES.5, IS0, NIS3., NIS4 B, LSS5 A156.8, 1575,
VIS8, 1595, 1608
" . - ite fi T rl i in e DB ID: 7 Residues: ASO.A, S51.A, FS3.A, TS4.A, RBB.A,
4 Ninetedanib  RNA Binding Pore 201 Site finder. Overlaps with RNA binding residues (P! TACS and 7ACT). Resdues: AS0., 5514, F53.0, T54A, 8.
V1034, Y1114, PLI7.A, RISA, ALS6A, NIS3
5 (cro) . opI i 7] Site finder. sescues: 15, Q16 K17, 15, T15, A20, V25, F30, 133, G34, P35, £36, Q37, 38, 035 GAD,Na3, F4Z, GA3, 7, GS1, T52, WS7, 160, AG1, P63,
70, s, 57, 158, Y8, T90, Go1, A93, 193,195, 109, 113

Table 52. Site Nomenclature and Information 'Homology Model Template PDB ID



Table S3. ‘Medium Confidence Hits’ and Putative Mechanism of Hits with a z-score >

1.8 at fewer than 10 sites.

Structure/Entry Processing RT complex Host interactions?
Drug Z-Score Site Drug Z-Score  Site Drug Z-Score Site Drug ZScore  Site
Fedratinib 2.61 Spike 1 JAminolevulinic acid 2.86 NSP 3 PLP 3 |Eliglustat 3.03 NSP 7,8,12 3 fFedratinib 2.86 NSP3SUD
JAmprenavir 2.47 Spike 6 [Eliglustat 244 NSP53 Fedratinib 2.89 NSP10 Raloxifene 2.62 NSP153
Olmesartan 2.40 Spike 2 [Fedratinib 234 NSP53 Dipivefrin 2.60 NSP 7,8,123 JDomperidone  2.53 NSP3 ADRP
Nintedanib 235N4 Domperidone 2.30 NSP 3 PLP 4 |Metoprolol 2.54 NSP 7,812 3 [Terconazole 2.52 NSP3 ADRP
Capsaicin 2.33 Spike 7 JAvanafil 2.21 NSP 3 PLP 2 |Remdesivir 2.53 NSP13 [Avanafil 2.43 NSP154
Oxybutynin 232N3 [Amprenavir 211 NSP52 Fedratinib 2.42 NSP 7,812 1 fTamoxifen 2.28 NSP3a
INintedanib 2.26E1 [Amprenavir 211 NSP51 Tamoxifen 2.35 NSP14 5 Alvimopan 2.25 NSP1
Calcipotriol 2.21 Spike 8 JAvanafil 1.98 NSP53 Eliglustat 2.27 NSP14 SAM  JAvanafil 2.24 NSP152
JRemdesivir 2.21 Spike 8 [Eliglustat 1.58 NSP 3 PLP 2 |Fedratinib 2.09 NSP14 SAM  JAmprenavir 2.23 NSP151
Fedratinib 213E2 |Remdesivir 1.93 NSP 3 PLP 3 |[Remdesivir 2.01 NSP 7,812 4 Domperidone 2.16 NSP3 SUD
Eliglustat 2.12 Spike 7 |Terconazole 1.88 NSP52 Remdesivir 1.99 NSP14 2 [Amprenavir 2.09 NSP153
Levomefolic acid 2.06 Spike 1 |Bosutinib 188 NSP51 Remdesivir 1.99 NSP14 3 Fedratinib 2.03 NSP3 NAB
JRemdesivir 204E2 Alvimopan 1.82 NSP52 Fedratinib 1.98 NSP13 Alfuzosin 1.96 NSP3 SUD
Ospemifene 203N3 Acebutolol 1.98 NSP 7,8,12 3 JRofecoxib 1.93 NSP42
Oxybutynin 2.01 Spike 7 Eliglustat 1.98 NSP 7,8,125 [Eliglustat 1.92 NSP151
[Terconazole 2.01 Spike 2 Capsaicin 1.98 NSP 7,8,12 3 JRemdesivir 1.92 NSP 3 NAB
Nintedanib 2.00E2 Vardenafil 1.96 NSP 7,8,122 |Domperidone 1.85 NSP 3 NAB
Nintedanib 1.99 Spike 6 Bosutinib 1.95 NSP 7,8,12 2 JAmiodarone 1.81 NSP151
vabradine 198N3 Eliglustat 1.93 N$P16 Lomitapide 1.80 NSP4 2
Levomefolic acid 1.94 Spike 4 Amiodarone 1.91 NSP7,8121
Cilostazol 1.94 Spike 7 \Verapamil 1.91 N$P145
JRemdesivir 193 N3 Tamoxifen 1.88 NSP14 SAM
JAvanafil 1.92 Spike 4 Capsaicin 1.86 NSP9 2
Cilostazol 1.88 Spike 8 Eliglustat 1.85 NSP14 2
Dasatinib 1.88N3 Eliglustat 1.85 N$P14 3
Eliglustat 187E2 Ospemifene 1.83 NSP145
JRemdesivir 1.86 N2 Domperidone 1.83 NSP10
Clofazimine 186E1 Hydroxychloroquine 1.80 NSPS 1
JAminolevulinic acid 1.86 Spike 3 Amprenavir 1.80 NSP14 2
Fedratinib 1.84 Spike 4 Amprenavir 1.80 NSP14 3
JAcebutolol 1.83 Spike 2 Aminolevulinic acid 1.80 NSP16
Clofazimine 183E2
[Tamoxifen 182N3
JAlvimopan 1.80N5




Table S4. List of 105 hits from the in vitro assay against SARS-CoV-2 infection in Huh-7
cells with potency < 2 uM with methods as described in °,

Drug Name DrugBank ID | Drug Name DrugBank ID | Drug Name DrugBank ID
Acebutolol DB01193 Ethionamide DB00609 Nintedanib DB09079
Acetazolamide DB00819 Ethosuximide DB00593 Olmesartan DB00275
Acetohexamide DB00414 Ethotoin DB00754 Omeprazole DB00338
Alfuzosin DB00346 Ezetimibe DB00973 Ondansetron DB00904
Allopurinol DB00437 Fedratinib DB12500 Ospemifene DB04938
Alvimopan DB06274 Fludarabine DB01073 Oxybutynin DB01062
Aminolevulinic acid DB00855 Fludrocortisone DB00687 Pamidronic acid DB00282
Amiodarone DB01118 Gemcitabine DB00441 Phentolamine  DB00692
Amprenavir DB00701 Gilteritinib DB12141 Phenytoin DB00252
Apraclonidine DB00964 Glasdegib DB11978 Procainamide  DB01035
Avanafil DB06237 Guanethidine DB01170 Pyridoxine DB00165
Bosutinib DB06616 Hydroxychloroquine DB01611 Quinestrol DB04575
Calcipotriol DB02300 Ingenol mebutate DB05013 Raloxifene DB00481
Capsaicin DB06774 Ivabradine DB09083 Remdesivir DB14761
Carbinoxamine DB00748 Ketorolac DB00465 Rivastigmine DB00989
Carmustine DB00262 Lapatinib DB01259 Rocuronium DB00728
Cefotaxime DB00493 Levamisole DB00848 Rofecoxib DB00533
Cefoxitin DB01331 Levofloxacin DB01137 Sevoflurane DB01236
Chloroxine DB01243 Levomefolic acid DB11256 Sildenafil DB00203
Chlorthalidone DB00310 Lomitapide DB08827 Simvastatin DB00641
Cidofovir DB00369 Loperamide DB00836 Tafamidis DB11644
Cilostazol DB01166 Loratadine DB00455 Tamoxifen DB00675
Clofazimine DB00845 Meclizine DB00737 Terconazole DB00251
Dasatinib DB01254 Mepivacaine DB00961 Tetrabenazine DB04844
Dexmedetomidine DB00633 Meropenem DB00760 Thalidomide DB01041
Dienogest DB09123 Mestranol DB01357 Thioridazine DB00679
Dipivefrin DB00449 Metformin DB00331 Tioguanine DB00352
Domperidone DB01184 Metoclopramide DB01233 Trimethadione DB00347
Dorzolamide DB00869 Metoprolol DB00264 Ulipristal DB08867
Duvelisib DB11952 Naratriptan DB00952 Valproic acid DB00313
Edaravone DB12243 Nebivolol DB04861 Vardenafil DB00862
Eflornithine DB06243 Nevirapine DB00238 Verapamil DB00661
Eliglustat DB09039 Niclosamide DB06803 Vilazodone DB06684
Entecavir DB00442 Nifedipine DB01115 Zanamivir DB00558
Eslicarbazepine acetate DB09119 Nilutamide DB00665 Zonisamide DB00909




Table S5. Reference drugs identified using FQ score.

Molecul Z
Drug DrugBan
ar Drug Type Targets Scor
Name kID .
Weight e
Peripherally acting p
Alvimopan [DB06274  (424.53 opioid receptor NSP1 2.25
antagonist
Aminolevuli Photochemotherapy | NSP3-PLP,
nic Acid DBO08SS ~ 1131.13 for actinic keratosis Site 3 2.86
Spike Protein,
Site 6 2.47
Amprenavir [DB00701  [505.63  |HIV protease inhibitor [Nor 2 Site 1 [2.23
NSP5, Site 2 2.11
NSP5, Site 1 2.11
NSP15, Site 3 [2.09
NSP15, Site 4 | 2.43
Phosphodiesterase-5 -
Avanafil  |DB06237  |484.95 |inhibitor for erectile  [No- 19, Site2 224
dysfunction ESP3-PLP, Site 2 21
Calcipotriol [DB02300 1260 | /eatmentofplague | Spike Protein, |, ,,
psoriasis Site 8
Capsaicin |DB06774  |305.41 Topical analgesic giﬁ;k(; Protein, 2.33
Dipivefrin  |DB00449 (351.44 Prodrug of adrenaline gi?epg’&m’ 2.60
NSP3-ADRP 2.53
Domperidon DBO1184 125 91 Dopamlr.we receptor [NSP3-PLP, Site > 30
e antagonist 4
NSP3-SUD 2.16
Eliglustat  [DB09039  [404.55  |°ucosyleeramide :
synthase inhibitor NSP5, Site 3 2 44
NSP14, Site 1 [2.27




Spike Protein,

Site 7 212
Levomefolic Food additive for Spike Protein,
Acid DBT1256 (45946 folate deficiency Site 1 2.06
Metoprolol |DB00264 |267.36  |°. 2drenergic NSP7.8.12, | 554
receptor antagonist Site 3
Nucleocapsid,
Site 4 2.35
Nintedanib |DB09079 |539.62 Kinase inhibitor
Envelope b 26
Protein, Site 1 '
Olmesartan [DB00275 44650 [ ngiotensinll ) Spike Protein, | ,
receptor antagonist Site 2
Ospemifene|DB04938  [378.89  [oc octive estrogen | Nucleocapsid, |, 4
receptor modulator Site 3
e | g;;:lgocap&d, 239
Oxybutynin [DB01062  [357.49 elief of overactive
bladder Spike Protein, b 01
Site 7 '
- NSP14, Site 5 | 2.35
Tamoxifen |[DBO0675 [371.51  [ocioctive estrogen
receptor modulator  |NSP3-NSP3a [2.28
NSP3-ADRP 2.52
NSP3-PLP, Site
Terconazole(DB00251 532.46 1 4-.a|.pha.-deme’thIase 211
inhibitor in fungi : :
Spike Protein, b 01

Site 2




Table S6. Number of lons used in MD Simulations.

Protein Drug Na*lons | Cl' lons
NSP14 Tamoxifen 0 9
NSP15 Avanafil 162 0
NSP1 Alvimopan 6 0
NSP3-ADRP Domperidone 0 0
NSP3-ADRP Terconazole 0 0
NSP3-PLP Aminolevulinic Acid 3 0
NSP7,8,12 Dipivefrin 12 0
NSP7,8,12 Eliglustat 12 0
NSP7,8,12 Metoprolol 12 0
Nucleocapsid | Ospemifene 0 84
Nucleocapsid | Oxybutynin 0 85
Nucleocapsid | Nintedanib 0 85
Spike Levomefolic Acid 59 0
Spike Olmesartan 59 0
Spike Amprenavir 57 0
Spike Capsaicin 57 0
Spike Calcipotriol 57 0
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