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Figure S1. Superposition structures of different MP™ obtained between 6L U7 (green)
with (A) SRHA, (B) 6WQF, (C) 7AKU, (D) 7K3T, (E) 7K6E and (F) 7KPH from PDB
database. The values are RMSDs with 6LU7. (All in A)




Figure S2. The time evolution of the distance between nine drugs and binding pocket
residues for three docking structures in (A) Favipiravir, (B) Ritonavir, (C) Arbidol, (D)
Chloroquine, (E) Saquinavir, (F) Darunavir, (G) Indinavir, (H) Carfilzomib and (1) H-
chloroquine with MP™ (monomer) systems, respectively.
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Figure S3. The 2D-RMSD (A) of Ca atom of binding pocket residues during the entire
500 ns MD simulation in (A) Ritonavir, (B) Arbidol, (C) Chloroquine, (D) Saquinavir,
(E) Darunavir, (F) Indinavir, (G) Carfilzomib and (H) H-chloroquine with monomeric
MPpre gystem.
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Figure S4 Dynamic cross-correlation maps reflecting relative motions between C,
atoms of MP™ (dimer with Cys145/Hid41) with (A) the apo state, (B) Ritonavir, (C)
Arbidol and (D) Saquinavir.
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Figure SS5. 2D structures of Ritonavir, Saquinavir and Arbidol. The common
structures are highlighted in green.
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Table S1. The energy terms for eight drugs to monomeric MP® of each docking
structure. AGwucr, AGwopcr, AGwopcr, and AGxpp represent calculated by GBHCT,
GBOBC!I GBYBC2 and PBSA method, respectively. The * represent nonpolar solvation

energy or polar solvation energy. (All values are in kcal/mol)

Drug Structure AE,, AE, .y AGymer | AGgmer | AGuposer | AGghoser | AGuposcz | AGghosez | AGuppe AGyp8
dockingl | -39.66+0.6 |-50.30+0.4 |-7.34+0.0 | 48.91+0.4 |-5.09+0.0 | 52.98+0.4 | -5.09+0.0 | 40.23+0.6 |-6.44+0.0 | 60.52+0.5
Ritonavir docking2 | -29.93+0.5 |-57.294+0.4 | -7.49+0.0 | 42.53+0.4 |-5.20+0.0 | 48.40+0.4 |-5.20+0.0 | 30.78+0.7 |-6.55+0.0 | 52.75+0.5
docking3 | -9.24+0.6 |[-59.47+0.6 |-8.43+0.0 | 28.37+0.5 |-5.85+0.0 | 34.82+0.5 | -5.85+0.0 | 27.48+0.6 |-7.26+0.0 | 37.09+0.7
dockingl | -18.16+0.4 |-48.11+0.3 | -6.08+0.0 | 30.95+0.4 |-4.22+0.0 | 33.57+0.4 | -4.22+0.0| 3.36+0.7 |-5.49+0.0 | 38.64+0.5
Arbidol docking? | -18.66+0.4 |-47.71+0.3 | -6.05+0.0 | 30.93+0.4 |-4.20+0.0 | 32.05+0.3 | -4.20+0.0 | -2.09+0.6 |-5.48+0.0 | 40.81+0.5
docking3 | -8.67+0.3 |[-43.80+0.3 | -5.64+0.0 | 20.65+0.3 |-3.92+0.0 | 24.23+0.3 |-3.92+0.0| 5.15+0.5 |-5.17+0.0 | 31.12+0.4
docking2 | -6.61+0.3 |-37.57+0.4 |-5.18+0.0 | 16.99+0.3 |-3.60+0.0 | 20.88+0.3 | -3.60+0.0 | -9.56+0.6 |-4.82+0.0 | 27.00+0.4

Chloroquine
docking3 | -9.69+0.4 |[-40.49+0.3 |-4.92+0.0 | 17.47+0.2 |-3.42+0.0 | 20.18+0.2 | -3.42+0.0 | -15.28+0.6 | -4.63+0.0 | 26.17+0.3
dockingl |-147.42+0.9 | -42.17+0.4 | -7.03+0.0 | 153.86+0.8 | -4.88+0.0 | 156.11£0.9 | -4.88+0.0 | 144.72+1.1 | -6.21£0.0 | 160.32+0.8
Saquinavir | docking? |-151.50+1.9 [ -37.23+0.6 | -6.49+0.0 | 158.63+1.5 | -4.514+0.0 | 160.09+1.4 | -4.51+0.0 | 140.86+1.5 | -5.80+0.0 [ 165.50+1.5
docking3 | -170.00+1.0 | -37.81+0.4 | -6.43+0.0 | 173.38+0.9 | -4.46+0.0 | 171.74+0.9 | -4.46+0.0 | 150.91+0.9 | -5.76+0.0 | 184.09+1.0
dockingl | -11.70+0.7 [-31.39+1.2 | -4.74+0.2 | 23.00+0.9 |-3.29+0.1 | 27.27+1.0 | -3.29+0.1 | -14.42+1.2 | -4.49+0.1 | 29.78+1.4
Darunavir | docking? | -31.81£0.5 |-40.30+0.4 | -5.68+0.0 | 37.23+0.3 | -3.84+0.0 | 41.84+04 |-3.94+0.0| -12.93+0.8 |-5.19+0.0 | 45.35+0.4
docking3 | -12.42+1.0 [-33.84+0.5|-4.96+0.1 | 21.43+0.9 |-3.45+0.0 | 25.45+0.9 | -3.45+0.0 | -4.56+0.8 |-4.66+0.0 | 27.17£1.0
dockingl |-187.88+1.5 | -48.47+0.3 | -6.93+0.0 | 198.75+1.4 | -4.81+0.0 | 205.28+1.5 | -4.81+0.0 | 196.65+1.7 | -6.13£0.0 | 206.28+1.4
Indinavir docking? |-262.86+1.7 | -38.34+0.4 | -6.36+0.0 | 266.06+1.6 | -4.41+0.0 | 274.29+1.6 | -4.41+0.0 | 263.30+1.7 | -5.70+0.0 | 273.76+1.6
docking3 | -222.85+2.2 | -40.7840.6 | -6.09+0.0 | 234.71£2.1 | -4.23+0.0 | 240.48+2.0 | -4.23+0.0 | 221.04+2.3 | -5.51£0.1 | 247.38+2.5
dockingl | -20.99+1.2 [-26.81+0.8 | -3.98+0.1 | 28.52+1.1 |-2.76+0.1 | 32.82+1.2 | -2.76+0.1 | 36.68+1.4 |-3.92+0.1 | 33.98+1.5
Carfilzomib | docking2 | -23.49+0.6 |-54.25+0.3 [-7.79+0.0 | 35.45+0.4 |-5.41£0.0 | 40.17+0.5 |-5.41£0.0 | 25.51+0.8 | -6.78+0.0 | 45.47+0.6
docking3 | -17.03+0.6 |-51.42+0.4 |-7.63+0.0 | 35.32+0.6 |-5.30+0.0 [ 40.05£0.6 |-5.30+0.0 | 33.99+1.0 |-6.66+0.0 | 53.51+0.7
dockingl | -8.90+0.4 |-38.66+0.7|-5.34+0.1| 19.81+0.4 |-3.71+0.0 | 22.75+0.4 | -3.71+0.0 | -4.59+0.9 |-4.94+0.0 | 27.47+0.6
H-chloroquine | docking? | -7.19+0.3 |[-34.36+0.4 |-4.90+0.0 | 16.10+0.3 |-3.41+0.2 | 18.96+0.3 | -3.41+0.0 | -17.14+0.8 | -4.61+0.0 | 21.93+0.5
docking3 | -9.11+0.4 |[-38.80+0.4 |-5.53+0.0 | 20.15+0.3 |-3.84+0.0 | 23.62+0.3 | -3.84+0.0 | -2.80+0.7 |-5.08+0.0 | 33.48+0.5




Table S2. Binding free energy for eight drugs to monomeric MP™ of each docking
structure. Enthalpic contribution is obtained from Table S1 and the entropic
contribution is calculated using interaction entropy (IE) and Normal mode methods,
respectively. (All values are in kcal/mol)

Drug Structure 1IE Nmode GBUCTIE | GBOSC'IE | GBO®C? IE | PBSA IE | GBYCT Nmode | GB°*C! Nmode | GB®C2 Nmode | PBSA Nmode

dockingl | 18.41+0.0 | 23.00£3.2 | -29.97+0.4 | -23.66+0.4 | -36.41+0.7 | -17.46+0.5 -25.38+3.2 -19.07+3.2 -31.8243.3 -12.88+3.2

Ritonavir docking2 | 14.12+0.0 | 31.55+2.9 | -38.04+0.5 | -29.89+0.5 | -47.51+0.9 | -26.89+0.5 -20.6142.9 -12.46+2.9 -30.08+3.0 -9.47+2.9
docking3 | 19.66+0.0 | 29.48+2.8 | -29.11+0.5 | -20.09+0.5 | -27.42+0.8 | -19.224+0.5 -19.29+2.8 -10.27+2.8 -17.60+2.9 -9.41+2.8
dockingl | 13.46+0.0 | 18.53+2.3 | -27.93+0.3 | -23.45+0.3 | -53.66+0.7 | -19.66+0.3 -22.86+2.3 -18.38+2.3 -48.59+2.4 -14.59+2.3

Arbidol docking2 | 11.12+0.0 | 22.64+1.6 | -30.37+0.3 | -27.40+0.3 | -61.55+0.6 | -19.92+0.3 -18.85+1.6 -15.88+1.6 -50.03+1.7 -8.40+1.6
docking3 | 11.89+0.0 | 17.78+2.1 | -25.57+0.4 | -20.27+0.4 | -39.35+0.7 | -14.62+0.4 -19.68+2.1 -14.38+2.1 -33.46+2.2 -8.73+2.1

docking2 | 13.78+0.0 | 14.72£2.0 | -18.50+0.4 | -13.12+0.4 | -43.56+0.7 | -8.22+0.4 -17.56+2.0 -12.18+2.0 -42.62+2.1 -7.28+2.0

Chloroquine

docking3 | 10.14+0.0 | 18.44+2.4 | -27.48+0.3 | -23.27+0.3 | -58.73+0.7 | -18.48+0.4 -19.18+2.4 -14.97+2.4 -50.43+2.5 -10.18+2.4

dockingl | 25.94+0.0 | 27.68+1.8 | -21.82+0.5 | -12.42+0.5 | -23.81+0.9 | -9.54+0.6 -20.08+1.9 -10.68+1.9 -22.07£2.0 -7.80+1.9

Saquinavir docking2 | 30.23+0.0 | 28.87+2.0 | -6.37+0.6 -2.9240.6 | -22.15+1.1 1.19+0.6 -7.73+2.1 -4.28+2.1 -23.5142.3 -0.17+2.1
docking3 | 23.24+0.0 | 24.5243.2 | -17.61+0.3 | -17.29+£0.3 | -38.12+0.8 | -6.23+0.5 -16.33+3.2 -16.01+3.2 -36.84+3.3 -4.95+3.2

dockingl | 20.64+0.0 | 19.00+0.6 | -4.20+1.0 1.5240.9 | -40.17+2.6 | 2.83+0.7 -5.84+1.2 -0.11%1.1 -41.81£2.7 1.20+0.9

Darunavir docking2 | 15.1120.0 | 23.01£1.2 | -25.45+0.4 | -19.10+0.4 | -73.87+0.9 | -16.85+0.4 -17.55+1.3 -11.20+1.3 -65.97+1.5 -8.95+1.3
docking3 | 22.54+0.0 | 22.52+1.5 | -7.26+0.6 -1.7240.5 | -31.73+1.1 | -1.21£0.5 -7.28+1.6 -1.74+1.6 -31.75+1.9 -1.23+1.6
dockingl | 30.87+0.0 | 24.24+1.5 | -13.67+0.3 | -5.03+0.3 | -13.65+0.9 | -5.35+0.4 -20.30+1.5 -11.66+1.5 -20.28+1.7 -11.98+1.6

Indinavir docking2 | 32.02+0.0 | 26.13+1.9 | -9.49+0.4 0.68+0.4 | -10.31x0.7 | -1.14+0.4 -15.38+1.9 -5.21+1.9 -16.20+2.0 -7.03+1.9
docking3 | 30.00+0.0 | 21.50£2.0 | -5.02+0.7 2.61£0.6 | -16.83+1.0 | 8.23+0.7 -13.5242.1 -5.89+2.1 -25.33+2.2 -0.27+2.1

dockingl | 16.49+0.0 | 19.00+1.4 | -6.78+0.8 -1.26+0.7 2.60+1.1 -1.25+0.6 -4.27+1.6 1.25+1.6 5.11+1.8 1.26+1.5

Carfilzomib docking2 | 19.27+0.0 | 28.00£1.0 | -30.81+0.4 | -23.70+0.4 | -38.37+0.8 | -19.79+0.4 -22.08+1.1 -14.97+1.1 -29.64+1.3 -11.06+1.1
docking3 | 19.32+0.0 | 23.15+2.0 | -21.43+0.4 | -14.38+0.4 | -20.43+0.8 | -2.28+0.6 -17.60+2.0 -10.55+2.0 -16.60+2.2 1.55+2.1

dockingl | 18.23+0.0 | 22.73+2.7 | -14.86+0.6 | -10.29+0.6 | -37.63+0.9 | -6.80+0.6 -10.36+2.8 -5.79+2.8 -33.13+2.8 -2.30+2.8

H-chloroquine | docking? | 11.30+0.0 | 21.18+1.7 | -19.06+0.3 | -14.70+0.3 | -50.79+1.0 | -12.93+0.3 -9.18+1.7 -4.82+1.7 -40.91£2.0 -3.05+1.7
docking3 | 13.32+0.0 | 21.19+1.2 | -19.97+0.5 | -14.80+0.4 | -41.23+1.0 | -6.19+0.4 -12.10+1.3 -6.93+1.3 -33.36+1.6 1.68+1.3




Table S3. The average decomposed energy values of each hot-spot residues in
Ritonavir—MP™ (monomeric). (All values are in kcal/mol)

Residue | AE,;w AE,, AGyg, AG,, AH
GIn189 -6.32 -8.11 8.32 -1.11 -7.21
Met165 -5.60 -1.60 1.70 -0.65 -6.17
Met49 -3.37 -0.24 1.16 -0.53 -2.95
Glul166 -3.07 -4.36 5.01 -0.51 -2.87
Leulé67 -2.21 -0.77 0.88 -0.19 -2.29
Pro168 -1.97 -0.32 0.66 -0.38 -2.02
Hied1 -2.37 -0.49 1.13 -0.27 -2.00

Table S4. The average decomposed energy values of each hot-spot residues in

Arbidol-MP™ (monomeric). (All values are in kcal/mol)

Residue | AE,;» AE,, AGg, AG,, AH
Met49 -4.63 -0.42 1.13 -0.53 -4.45
Metl65 | -3.97 -0.91 1.10 -0.47 -4.26
Hie41 -4.49 -1.86 3.27 -0.39 -3.45
Asnl142 | -2.92 -0.37 1.22 -0.47 -2.53
Asp187 | -2.05 -3.04 3.01 -0.13 -2.21
GIn189 | -3.29 -0.43 2.12 -0.54 -2.14
Argl88 | -2.42 0.35 0.17 -0.13 -2.03

Table S5. The average decomposed energy values of each hot-spot residues in
Chloroquine—MP™ (monomeric). (All values are in kcal/mol)

Residue | AE,;» AE,, AGgy, AG,, AH
Met165 | -5.08 -0.17 0.28 -0.47 -5.44
GIn189 | -5.58 -1.83 3.09 -0.86 -5.18
Aspl187 | -1.77 0.22 -1.25 -0.07 -2.86
Hie41 -3.66 -1.08 2.48 -0.33 -2.57
Argl88 | -2.31 -3.02 3.44 -0.09 -1.98




Table S6. The energy terms for eight drugs to dimeric MP™ (Cys145/Hie41) of each
docking structure. AGspcr, AGxopcr, AGxopca, and AGpg represent calculated by
GBHCT GBOBCl GBOYBC2, and PBSA method, respectively. The * represent nonpolar

solvation energy or polar solvation energy. (All values are in kcal/mol)

Drug Structure AE,, AE,.w AGuymcr | AGeymcr | AGuposct | AGahopcr | AGuposcr | AGeroscz | AGupps AG,pp
dockingl | -22.06+0.4 |-60.62+0.3 | -7.86+0.0 | 38.22+0.3 |-5.46+0.0 | 45.11£0.3 | -5.46+0.0 | 37.64+0.5 |-6.38+0.0 | 54.55+0.4
Ritonavir docking? | -24.62+0.4 |-55.5740.3 | -7.60+0.0 | 38.87+0.3 |-5.28+0.0 | 45.74+0.4 | -7.60+0.0 | 41.09+0.7 |-6.02+0.0 | 50.48+0.4
docking3 | -13.7740.5 |-52.68+0.3 | -7.66+0.0 | 31.62+0.4 |-5.32+0.0 | 38.55+£0.4 |-5.32+0.0 | 36.32+0.7 |-6.23+0.0 | 47.25+0.4
dockingl | -12.89+0.3 |-43.2340.2 | -5.934+0.0 | 24.36+0.2 |-4.12+0.0 | 25.37+0.3 | -4.12+0.0 | -5.72+0.6 |-4.92+0.0 | 34.72+0.4
Arbidol docking2 | -9.444+0.2 |-43.014+0.3 |-5.60+0.0 | 21.03+0.2 |-3.89+0.0 | 24.28+0.2 |-3.89+0.0 | 9.48+0.5 |[-4.68+0.0 [ 31.07+0.3
docking3 |-10.760+0.3 | -43.70+0.2 | -6.14+0.0 | 21.64+0.2 |-4.26+0.0 | 25.18+0.2 |-4.26+0.0 | 10.33+0.4 |-5.08+0.0 | 31.43+0.3
dockingl | -6.594+0.2 |-34.75+0.5|-4.814+0.0 | 14.99+0.1 |-3.34+0.0 | 18.44+0.2 |-3.34+0.0 | -1.79+0.5 |-4.08+0.0 | 22.12+0.2
Chloroquine | docking2 | -5.14+0.3 |-30.19+0.3 | -4.38+0.0 | 13.524+0.2 |-3.05+0.0 | 17.06+0.2 |-3.05£0.0 | 3.46+0.4 |-3.76+0.0| 19.18+0.2
docking3 | -9.36+0.2 |-40.124+0.2 |-5.20+0.0 | 18.86+0.1 |-3.61+0.0 [ 22.40+0.1 |-3.61+0.0 | -19.7140.5 | -4.37+0.0 | 28.94+0.2
o docking2 | -19.17+0.5 |-48.1440.3 | -6.76+0.0 | 34.29+0.4 |-4.66+0.0 | 39.42+0.4 | -4.66+0.0 | 20.18+0.8 |-5.52+0.0 | 44.31+0.4
Saquinavir docking3 | -15.96+0.4 |-48.06+0.4 |-7.33+0.0 | 30.12+0.2 |-5.09+0.0 [ 35.22+0.3 |-5.09+0.0 | 0.51+0.7 |[-5.97+0.0 | 41.97+0.4
dockingl | -24.10+0.6 |-47.4740.3 | -6.4440.0 | 36.23+0.4 |-4.47+0.0 | 42.59+£0.4 | -4.47+0.0 | -37.89+0.8 | -5.30+0.0 | 46.46+0.6
Darunavir | docking2 | -21.3840.5 |-35.1240.3 | -5.0740.0 | 31.72+0.4 |-3.52+0.0 | 37.0840.4 |-3.52+0.0 | -23.12+0.7 | -4.28+0.0 | 39.84+0.4
docking3 | -32.93+0.5 |-49.6440.3 | -6.77+0.0 | 44.83+0.4 |-4.70+0.0 | 51.57+£0.4 | -4.70+0.0 | -17.9440.9 | -5.55+0.0 | 57.43+0.4
dockingl |-263.79+1.8 | -45.4440.3 | -6.60+0.0 | 271.16+1.7 | -4.58+0.0 | 278.61+1.8 | -4.58+0.0 | 273.57+1.9 | -5.43+0.0 | 278.67+1.7
Indinavir docking? |-270.46+1.2 | -43.634+0.3 | -7.554+0.0 | 281.18+1.1 | -5.23+0.0 | 289.35+1.2 | -5.25+0.0 | 298.11£1.3 | -6.15+0.0 | 293.48+1.2
docking3 |-291.2942.2 | -60.0540.3 | -8.1040.0 | 299.76+2.1 | -5.63+0.0 | 309.05+2.2 | -5.63+0.0 | 339.92+2.5 | -6.56+0.0 | 320.47+2.3
docking2 | -16.76+0.4 |-56.53+0.3 | -7.9940.0 | 36.28+0.4 |-5.55+0.0 | 42.34+4.0 | -5.55+0.0 | 5.74+0.8 |-6.48+0.0| 51.41+0.4

Carfilzomib
docking3 | -12.05+0.4 |-46.56+0.3 | -7.06+0.0 | 29.72+0.3 |-4.90+0.0 | 35.41£0.3 | -4.90+0.0 | 22.29+0.9 |-5.78+0.0 | 39.69+0.4
dockingl | -8.87+0.2 |[-37.83+0.3 |-5.37£0.0 | 19.46+0.2 |-3.73+0.0 | 23.01+0.2 |-3.73+0.0 | -8.21+0.9 |-4.51£0.0 | 29.19+0.3
H-chloroquine | docking2 | -11.1140.3 |-40.05+0.3 | -5.43+0.0 | 20.90+0.3 |-3.7740.0 | 23.87+0.3 |-3.77+0.0 | -17.85+0.7 | -4.55+0.0 | 30.93+0.4
docking3 | -7.88+0.3 |[-26.73+0.3 |-3.86+0.0 | 14.40+0.3 |-2.68+0.0 | 16.75+0.2 |-2.68+0.0 | -0.01+0.6 |-3.37+0.0 | 19.22+0.3




Table S7. Binding free energy for eight drugs to dimeric MP™ (Cys145/Hie41) of each
docking structure. Enthalpic contribution is obtained from Table S6 and the entropic
contribution is calculated using interaction entropy (IE) and Normal mode methods,
respectively. (All values are in kcal/mol)

Drug Structure 1IE Nmode GBUCTIE | GBOEC! IE | GBYEZIE | PBSA IE | GBMCT Nmode | GB?5¢! Nmode | GB°5¢? Nmode | PBSA Nmode

dockingl | 10.48+0.0 | 28.03+2.6 | -41.85+0.2 | -32.55+0.2 | -40.02+0.6 | -24.03+0.2 -24.30+2.6 -15.01+2.6 -22.47+2.7 -6.49+2.6
Ritonavir docking2 | 12.22+0.0 | 27.25+1.8 | -36.69+0.3 | -27.49+0.3 | -34.46+0.7 | -23.66+0.3 -21.66+1.8 -12.47£1.8 -19.44+1.9 -8.63+1.8
docking3 | 14.47+0.0 | 29.51+2.5 | -28.02+0.3 | -18.75+0.3 | -20.98+0.6 | -10.96+0.4 -12.98+2.5 -3.71£2.5 -5.94+2.6 4.08+0.5
dockingl 9.84+0.0 | 19.30+1.6 | -27.85+0.3 | -25.02+0.2 | -56.11+0.7 | -16.48+0.2 -18.39+1.6 -15.57+1.6 -46.65+1.7 -7.03+1.6
Arbidol docking2 | 9.39+0.0 | 21.5442.3 | -27.63+0.3 | -22.67+0.3 | -37.47+0.6 | -16.67+0.2 -15.48+2.3 -10.53+£2.3 -25.33+2.4 -4.5242.3
docking3 | 7.74+0.0 | 19.58+1.9 | -31.22+0.2 | -25.80+0.2 | -40.65+0.4 | -20.37+0.2 -19.38+1.9 -13.96£1.9 -28.81£1.9 -8.53+1.9
dockingl | 6.63£0.0 | 20.09£2.2 | -24.53+0.2 | -19.61£0.2 | -39.83+0.5 | -16.67+0.2 -11.08+2.2 -6.15+2.2 -26.38+2.3 232122
Chloroquine | docking? | 9.68+0.0 | 20.47+2.5 | -16.52+0.3 | -11.64+0.3 | -25.23+0.6 | -10.23+0.3 -5.73+2.5 -0.85+2.5 -14.4542.6 0.56+2.5
docking3 | 7.03+0.0 | 19.17+1.2 | -28.78+0.2 | -23.65+0.2 | -65.75+0.6 | -17.88+0.3 -16.65+1.2 -11.52+1.2 -53.62+1.3 -5.75+1.2
docking2 | 16.19+0.0 | 22.36+2.0 | -23.53+0.3 | -16.35+0.3 | -35.60+0.7 | -12.32+0.3 -17.37£2.0 -10.19£2.0 -29.44+2.1 -6.1642.0
- h docking3 | 10.23+0.0 | 24.34+1.7 | -30.99+0.3 | -23.65+0.3 | -58.36+0.8 | -17.79+0.4 -16.88+1.7 -9.55+1.7 -44.26+1.9 -3.69+1.7
dockingl | 18.56+0.0 | 24.31£1.8 | -23.20+0.4 | -14.88+0.4 | -95.35+1.2 | -11.85+0.3 -17.46+1.8 -9.14£1.8 -89.61+2.2 -6.11+1.8
Darunavir docking? | 16.53+0.0 | 20.79+1.1 | -13.31+0.4 | -6.40+0.4 | -66.59+0.8 | -4.40+0.3 -9.06+1.2 -2.15+1.2 -62.34+1.4 -0.14+1.1
docking3 | 15.33+0.0 | 24.23+1.5 | -29.17+0.3 | -20.36+0.3 | -89.87+1.0 | -15.36+0.4 -20.28+1.5 -11.47£1.5 -80.98+1.8 -6.47+1.6
dockingl | 34.82+0.0 | 25.48+1.9 | -9.84+0.3 | -0.37#0.3 | -5.41+0.7 | -1.16+0.4 -19.18+1.9 -9.72£1.9 -14.76+2.0 -10.50 £1.9
Indinavir docking? | 28.15+0.0 | 25.63+1.6 | -12.31+£0.3 | -1.83+0.3 6.93+0.7 1.40+0.4 -14.84+1.6 -4.35+1.6 4.41+1.7 -1.12+1.6
docking3 | 31.56+0.0 | 28.41+2.1 | -28.11+0.3 | -16.35+0.3 | 14.53+1.4 | -5.86+0.4 -31.2642.1 -19.5042.1 11.38+2.5 -9.0142.1
docking2 | 12.63+0.0 | 28.51£2.2 | -32.38+0.3 | -23.87+0.3 | -60.47+0.7 | -15.73+0.3 -16.50+2.2 -7.99+2.2 -44.60+2.3 0.15+2.2

Carfilzomib
docking3 | 13.61+0.0 | 29.19+£2.3 | -22.34+0.3 | -14.49£0.3 | -27.60+0.7 | -11.08+0.3 -6.77+2.3 1.08+2.3 -12.03+2.4 4.50+2.3
dockingl | 7.3840.0 | 17.96+2.0 | -25.24+0.3 | -20.04+0.2 | -51.25+0.9 | -14.64+0.3 -14.67£2.0 -9.46+2.0 -40.67+2.2 -4.06+0.3
H-chloroquine | docking2 | 10.08+0.0 | 21.48+1.6 | -25.60+0.3 | -20.97+0.3 | -62.69+0.8 | -14.69+0.3 -14.21£1.6 -9.58+1.6 -51.30+1.8 -3.30+1.6
docking3 | 9.58+0.0 | 19.00+£2.7 | -14.49+0.3 | -10.96+0.3 | -27.72+0.7 | -9.18+0.3 -5.08+2.7 -1.55+2.7 -18.30+2.8 0.24+2.7




Table S8. Binding free energy for eight drugs to dimeric MP™ (Cys145/Hie41) using
12 calculation methods. (All values are in kcal/mol)

Method Ritonavir Arbidol Chloroquine Indinavir Saquinavir Darunavir Carfilzomib H-chloroquine

GBHCT -47.91+0.3 -37.89+0.3 -31.06+0.2 -48.26+0.3 -40.47+0.3 -38.70+0.4 -40.48+0.3  -30.79+0.3
GBOBC! -38.65+0.3 -33.49+0.2 -26.08+0.2 -37.69+0.3 -33.22+0.3 -30.69+0.4 -32.30+0.3  -26.34+0.3
GBOBC? -44.21£0.6 -53.73+0.6 -51.39+0.6 -26.16+0.9 -60.20+0.8 -100.75+1.0 -57.16+0.7  -56.23+0.8
PBSA -31.94+0.3 -26.83+0.2 -22.71+0.3 -33.38+0.4 -28.27+0.4 -27.34+0.3 -26.52+0.3  -21.85+0.3
GBHCT_JE  -35.5240.3 -28.90£0.3 -23.28+0.2 -16.75+0.3 -27.26+0.3 -21.90+0.4 -27.36+0.3  -21.78+0.3
GBOBCl_JE  -26.26+0.3 -24.50+0.2 -18.30+0.2 -6.18+0.3 -20.00+0.3 -13.88+0.4 -19.18+0.3  -17.33+0.3
GBOBC2_JE  -31.8240.6 -44.74+0.6 -43.61+0.6 5.35+0.9 -46.98+0.8 -83.94+1.0 -44.04+0.7  -47.22+0.8
PBSA _IE  -19.55+0.3 -17.84+0.2 -14.93+0.3 -1.87+0.4 -15.06£0.4 -10.53+0.3 -13.40+0.3  -12.84+0.3
GBHCT_Nmode -19.6542.3 -17.75+1.9 -11.1542.0 -21.76+1.9 -17.13+1.9 -15.60+1.5 -11.63+2.3  -11.31+2.1
GBOBC!_Nmode -10.39+2.3 -13.35+1.9 -6.17#2.0 -11.19+1.9 -9.87+1.9 -7.59+1.5 -3.46+2.3 -6.86+2.1
GBOBC2_Nmode -15.95+2.4 -33.60+2.0 -31.4842.0 0.34+2.2 -36.85£2.0 -77.64+1.8 -28.31+2.4  -36.76+2.3

PBSA_Nmode -3.68+1.6 -6.69+1.9 -2.80£2.0 -6.88+1.9 -4.92+1.9 -4.24+1.5 232423 -2.37£1.5




Table S9. The average decomposed energy values of each hot-spot residues in
Ritonavir—MP™ (dimer Cys145/Hie41). (All values are in kcal/mol)

Residue | AE,;p AE,, AGyg, AG,, AH
GIn189 -6.21 -5.05 5.99 -1.02 -6.30
Met165 -4.65 -1.36 1.04 -0.37 -5.33
Glul66 -4.14 -2.86 2.66 -0.65 -4.99
Met49 -3.35 -0.61 1.03 -0.45 -3.37
His163 -0.54 -3.79 1.87 -0.04 -2.50
Asp187 -2.77 -1.99 2.47 -0.21 -2.50
GIn192 -2.48 -0.48 0.81 -0.22 -2.36
Prol68 -2.33 0.07 0.44 -0.47 -2.30

Table S10. The average decomposed energy values of each hot-spot residues in
Arbidol-Mp (dimer Cys145/Hie41). (All values are in kcal/mol)

Residue | AE,;y AE,, AGyg, AG,, AH
Met49 -3.87 -0.69 1.15 -0.52 -3.94
Met165 -3.63 -0.66 1.10 -0.45 -3.65
Asnl42 -3.07 -1.23 1.87 -0.51 -2.93
GIn189 -4.29 -1.01 2.96 -0.57 -2.91
Gly143 -1.41 -1.99 1.22 -0.21 -2.39
Cysl145 -2.10 -0.51 0.42 -0.21 -2.39
Hied1 -2.81 -0.59 1.52 -0.30 -2.19

Table S11. The average decomposed energy values of each hot-spot residues in
Saquinavir—MP™ (dimer Cys145/Hie41). (All values are in kcal/mol)

Residue | AE, AE,, AGyg, AG,, AH
GIn189 -7.97 -10.87 12.08 -1.33 -8.08
Met165 -3.75 -0.33 0.44 -0.47 -4.12
Met49 -2.96 -0.37 0.85 -0.43 -2.91
Alal91 -2.10 -0.59 0.78 -0.42 -2.34
Hied1 -2.92 -0.99 2.14 -0.44 -2.22




Table S12. The energy terms for eight drugs to dimeric MP™ (Cys145/Hid41) of each
docking structure. AGspcr, AGxopcr, AGxopca, and AGpg represent calculated by
GBHCT GBOBCl GBOYBC2, and PBSA method, respectively. The * represent nonpolar
solvation energy and polar solvation energy, respectively. (All values are in kcal/mol)

Drug Structure AE,, AE,.w AGymer | AGgmer | AGuposer | AGghoser | AGuposez | AGghosez | AGupps AGp8

dockingl | -10.00+0.4 |-51.48+0.3 |-7.17+0.0 | 27.34+0.3 |-4.98+0.0 | 33.03£0.3 | -4.98+0.0 | 28.72+0.7 |-5.86+0.0 | 36.19+0.4

Ritonavir docking2 | -17.48+0.5 |-54.12+0.3 | -7.36+0.0 | 34.47+0.3 |-5.11£0.0 | 40.80+0.3 |-5.11+0.0 | 41.38+0.6 |-6.00+0.0 | 45.72+0.4

docking3 | -22.00+0.4 [-61.38+0.3 | -8.51£0.0 | 39.87+0.3 |-5.91+0.0 | 48.88+0.3 | -5.91+0.0 | 41.28+0.6 |-6.86+0.0 | 54.69+0.4

dockingl | -15.61£0.3 |-48.924+0.2 | -5.974+0.0 | 28.64+0.2 |-4.14+0.0 | 30.31£0.3 | -4.14+0.0 | -12.2340.7 | -4.95+£0.0 | 39.78+0.3

Arbidol docking2 | -5.48+0.2 |[-40.22+0.4 |-5.25+0.0 | 14.95+0.2 |-3.65+0.0 | 17.73+0.2 | -3.65+0.0| 9.91+0.4 |-4.41+0.0 | 22.47+0.3

docking3 | -10.03+£0.3 [-39.81+0.2 | -5.42+0.0 | 21.5140.2 |-3.77+0.0 | 24.90+0.2 | -3.77+0.0 | 11.94+0.4 |-4.54+0.0 | 30.47+0.3

dockingl | -15.75+0.5 |-37.344+0.3 | -5.154+0.0 | 21.58+0.3 |-3.58+0.0 | 24.70£0.3 |-3.58+0.0 | -11.2640.7 | -4.34+0.0 | 31.92+0.5

Chloroquine | docking2 | -2.24+0.2 |-28.22+0.3 [-4.30+0.0 | 11.34+0.2 |-2.99+0.0 | 14.51+0.2 |-2.99+0.0| 1.18+0.3 |-3.70+0.0| 16.84+0.3

docking3 | -3.93+0.1 |-29.66+0.2 |-4.53+0.0 | 14.36+0.2 |-3.15+0.0 | 16.93£0.2 |-3.15+0.0 | -11.45+0.4 | -3.87+0.0 | 21.31+0.2

dockingl | -27.48+0.4 |-54.76+0.2 | -7.78+0.0 | 45.40+0.3 |-5.41£0.0 | 52.84+0.3 | -5.41+0.0 | 32.33+0.6 |-6.32+0.0 | 61.48+0.3

Saquinavir | docking2 | -20.02+0.3 [-48.31+0.3 |-7.34+0.0 | 33.04+£0.3 |-5.10+0.0 | 38.16+0.3 [-5.10+0.0 | 4.52+0.5 |[-5.99+0.0 | 41.17+0.4

docking3 | -11.674£0.4 |-50.2940.2 | -6.95+0.0 | 25.78+0.3 |-4.82+0.0 | 30.55£0.3 | -4.82+0.0 | 4.74+0.7 |[-5.69+0.0 | 38.25+0.4

dockingl | -17.5340.8 |-45.0940.2 | -6.65+0.0 | 36.01+0.6 |-4.62+0.0 | 42.56£0.6 | -4.62+0.0 | -25.83+1.1 |-5.47+0.0 | 47.38+0.7

Darunavir | docking2 | -22.42+0.5 |-41.21£0.4 | -5.59+0.0 | 33.57+0.3 |-3.88+0.0 | 39.77+0.4 |-3.88+0.0 | -25.84+1.2 | -4.67+0.0 | 42.51+0.4

docking3 | -23.40+0.4 |-47.80+0.3 | -6.194+0.0 | 36.30+0.3 |-4.30+0.0 | 41.11£0.3 | -4.30+0.0 | -35.85+0.8 | -5.12+0.0 | 45.87+0.3

dockingl |-247.04+1.2 [ -59.01+0.2 | -7.92+0.0 | 261.55+1.2 | -5.50+0.0 | 270.79£1.2 | -5.50+0.0 | 274.91£1.5 | -6.43+0.0 | 278.27+1.2

Indinavir docking2 |-308.15+1.8 |-53.36+0.3 | -8.16+0.0 | 314.79+1.7 | -5.67+0.0 | 321.89+1.7 | -5.50+0.0 | 330.29+1.9 | -6.61+0.0 | 330.20+1.7

docking3 |-259.5340.9 | -40.34+0.3 | -6.56+0.0 | 272.14+1.0 | -4.56+0.0 | 278.73+1.0 | -4.56+0.0 | 283.64+1.1 | -5.40+0.0 | 283.66+1.0

. docking? | -20.82+0.4 |-44.06+0.3 | -7.20+0.0 | 36.91+0.3 |-5.00+0.0 | 43.34+0.3 | -5.00+0.0 | 40.88+0.8 |-5.88+0.0 | 48.88+0.4

Carfilzomib docking3 | -17.474£0.3 |-45.21+0.6 | -6.66+0.0 | 30.82+0.3 |-4.62+0.0 | 36.97+0.4 | -4.62+0.0 | 15.74+0.7 |-5.47+0.0 | 37.51£0.5

dockingl | -7.17+0.2 |[-37.57+0.3 | -5.38+0.0 | 18.30+0.2 |-3.73+£0.0 | 21.72+0.2 | -3.73+0.0 | -6.03+£0.9 |-4.51+0.0 | 28.34+0.4
H-chloroquine

docking? | -21.20+0.4 |-42.86+0.2 | -5.46+0.0 | 29.33+0.2 |-3.79+0.0 | 31.78+0.2 | -3.79+0.0 | -24.06+0.8 | -5.46+0.0 | 29.33+0.3




Table S13. Binding free energy for eight drugs to dimeric MP™ (Cys145/Hid41) of each
docking structure. Enthalpic contribution is obtained from Table S12 and the entropic
contribution is calculated using interaction entropy (IE) or Normal mode methods,
respectively. (All values are in kcal/mol)

Drug Structure IE Nmode GBUCT IE | GBOEC! IE | GB°®2IE | PBSA IE | GBY‘' Nmode | GB°E¢! Nmode | GB°2 Nmode | PBSA Nmode

dockingl [ 12.70+0.0 | 21.97+2.2 | -28.63+0.3 | -20.75+0.3 | -25.06+0.7 | -18.47+0.3 -19.3442.2 -11.46+2.2 -15.78+2.3 -9.18+2.2

Ritonavir docking2 | 13.64+0.0 | 22.33+2.2 | -30.85+0.3 | -22.27+0.3 | -21.69+1.0 | -18.244+0.4 -22.16£2.2 -13.58+2.2 -13.00+£2.4 -9.55+2.2
docking3 | 14.34+0.0 | 27.77+2.4 | -37.68+0.3 | -26.57+0.3 | -33.66+0.7 | -21.21+0.4 -24.25+2.4 -13.1442.4 -20.2442.5 -7.79+2.4

dockingl | 8.07+0.0 | 21.48+1.6 | -33.79+0.2 | -30.29+£0.2 | -72.82+0.7 | -21.63+0.2 -20.39+1.6 -16.89+1.6 -59.42+1.7 -8.23+1.6

Arbidol docking2 [ 11.69+0.0 | 22.77+1.7 | -24.30+0.3 | -19.92+0.3 | -27.74+0.6 | -15.95+0.3 -13.22+1.7 -8.85+1.7 -16.66+1.8 -4.87+1.7
docking3 8.16+£0.0 | 21.44+2.2 | -25.59+0.2 | -20.55+0.2 | -33.50+0.5 | -15.74+0.2 -12.31£2.2 -7.2742.2 -20.22+2.3 -2.46+2.2

dockingl | 15.01+0.0 | 19.49+2.2 | -21.64+0.4 | -16.95+0.5 | -52.91£1.3 | -10.49+0.3 -17.1742.2 -12.48+2.3 -48.43+2.6 -6.02+2.2

Chloroquine docking2 | 6.92+0.0 | 17.59+1.1 | -16.49+0.2 | -12.00+0.2 | -25.33+0.5 | -10.39+0.2 -5.83+1.1 -1.34+1.1 -14.67+1.2 0.28+1.1
docking3 | 7.06+0.0 | 20.58+2.4 | -16.70+0.2 | -12.74+0.2 | -41.12+0.5 | -9.09+0.2 -3.18+2.4 0.78+2.4 -27.60+2.5 4.43+2.4

dockingl | 13.28+0.0 | 25.00+2.3 | -31.34+0.2 | -21.5240.2 | -42.03+0.6 | -13.80+0.4 -19.63+2.3 -9.81+2.3 -30.32+2.4 -2.09+2.3

Saquinavir docking2 | 15.43+0.0 | 24.29+2.7 | -27.19£0.3 | -19.8440.3 | -53.52+0.5 | -17.71£0.3 -18.34+2.7 -10.98+2.7 -44.67+2.7 -8.85+2.7
docking3 | 14.53+0.0 | 24.82+1.3 | -28.59+0.3 | -21.69+0.2 | -47.51+0.7 | -14.86+0.3 -18.30+1.3 -11.4+1.3 -37.22£1.5 -4.57+1.3

dockingl [ 20.59+0.0 | 21.95+2.3 | -12.67+0.3 | -4.10£0.3 | -72.48+1.2 | -0.13+0.3 -11.31+2.3 -2.74+2.3 -71.1242.6 1.24+2.3

Darunavir docking2 | 20.04+0.0 | 23.34+1.4 | -15.60+0.5 | -7.70£0.4 | -73.30+1.6 | -5.74+0.4 -12.31%1.5 -4.40+1.5 -70.00+2.1 -2.44+1.5
docking3 | 14.61+0.0 | 25.25+2.6 | -26.49+0.2 | -19.79+0.2 | -96.74+0.9 | -15.84+0.3 -15.85+2.6 -9.15+2.6 -86.10+2.8 -5.20+2.6

dockingl | 23.32+0.0 | 25.16+3.0 | -29.11+0.3 | -17.44+0.3 | -13.32+1.0 | -10.88+0.3 -27.26£3.0 -15.59+3.0 -11.48+3.2 -9.04+3.0
Indinavir docking2 | 37.66+0.0 | 26.20+2.6 | -17.20+0.3 | -7.60+0.3 0.80+0.9 -0.24+0.4 -28.67+2.6 -19.07+2.6 -10.67+2.8 -11.71£2.6
docking3 | 27.77+0.0 | 30.47+2.1 | -6.51£0.3 2.09+0.3 6.99+0.6 6.17+0.3 -3.8242.1 4.79+2.1 9.69+2.2 8.87+2.1

docking2 [ 12.95+0.0 | 27.28+2.3 | -22.17+0.3 | -13.54+0.3 | -16.01+0.8 | -8.88+0.3 -7.85+2.3 0.79+2.3 -1.68+2.4 5.454+2.3

Carfilzomib

docking3 | 12.68+0.0 | 28.25+2.8 | -25.83+0.5 | -17.65+0.4 | -38.88+0.5 | -17.96+0.3 -10.26+2.8 -2.08+2.8 -23.31£2.8 -2.39+2.8

dockingl | 10.40+0.0 | 21.62+2.6 | -21.41+0.3 | -16.34+0.3 | -44.09+0.9 | -10.50+0.3 -10.20+2.6 -5.13+2.6 -32.88+2.8 0.7242.6

Hydroxychloroquine

docking2 | 9.32+0.0 | 23.97+2.2 | -30.87+0.2 | -26.76+0.3 | -82.59+0.9 | -15.54+0.3 -16.2242.2 -12.1142.2 -67.94+2.4 -0.89+2.2




Table S14. Binding free energy for eight drugs to dimeric MP™ (Cys145/Hid41) using
12 calculation methods. (All values are in kcal/mol)

Method Ritonavir Arbidol Chloroquine Indinavir Saquinavir Darunavir Carfilzomib H-chloroquine

GBHCT -45.94+0.3 -37.20+0.2 -27.94+0.3 -47.19£0.3 -43.45£0.3 -36.66+0.3 -36.82+0.4  -36.00+0.2
GBOBC! -36.75+0.3 -32.90+0.2 -23.56+0.3 -37.23£0.3 -35.43+£0.2 -28.94+0.3 -28.41+0.3  -31.41+0.3
GBOBC? -40.36+0.8 -54.00+0.6 -49.45+0.8 -31.43+£0.8 -62.10£0.6 -99.25+1.2 -40.26+0.6  -73.20+0.9
PBSA -32.86+0.4 -27.08+0.2 -19.66+0.2 -31.23+0.3 -29.89+0.3 -25.65+0.3 -26.24+0.3  -22.88+0.3
GBHCT_JE  -32.3840.3 -27.89+0.2 -18.28+0.3 -17.614+0.3 -29.04+0.3 -18.25+0.3 -24.00+0.4  -26.14+0.2
GBOBC!_JE  -23.1940.3 -23.59+£0.2 -13.90+0.3 -7.65+0.3 -21.02+0.2 -10.53+0.3 -15.60+0.3  -21.55+0.3
GBOBC2_JE  -26.80+0.8 -44.69+£0.6 -39.79+0.8 -1.84+0.8 -47.69+0.6 -80.84+1.2 -27.45+0.6  -63.34+£0.9
PBSA _IE  -19.30+0.4 -17.77+0.2 -9.99+0.2  -1.65+0.3 -15.46+0.3 -7.23£0.3 -13.42+0.3  -13.02+0.3
GBHCT_Nmode -21.9242.3 -15.31+1.8 -8.72+1.9 -19.9242.6 -18.75+2.1 -13.15+2.1 -9.05+2.6 -13.21£2.4
GBOBC!_Nmode -12.73+2.3 -11.00+1.8 -4.35+1.9 -9.964+2.6 -10.73£2.1 -5.43+2.1 -0.65+2.6 -8.62+2.4
GBOBC2_Nmode -16.34+2.4 -32.10+1.9 -30.23+£2.1 -4.1542.7 -37.404£2.2 -75.744£2.5 -12.50£2.6  -50.41+2.6

PBSA_Nmode -8.84+2.3 -5.19+1.8 -0.44+1.9 -3.96+2.6 -5.17+2.1 -2.14+£2.1 1.53£2.6 -0.09+2.4




Table S15. The average decomposed energy values of each hot-spot residues in
Ritonavir—MP™ (dimer Cys145/Hid41). (All values are in kcal/mol)

Residue | AE,;p AE,, AGyg, AG,, AH
Met165 -5.79 -3.11 1.88 -0.48 -7.51
GIn189 -5.48 -4.37 6.18 -0.86 -4.53
Glul66 -6.21 2.78 1.07 -0.88 -3.25
Met49 -3.21 -0.27 0.89 -0.44 -3.03
Asn142 -4.15 -1.78 4.13 -0.79 -2.59

Table S16. The average decomposed energy values of each hot-spot residues in
Arbidol-MpP (dimer Cys145/Hid41). (All values are in kcal/mol)

Residue AEvdW AEele Ang Aan AH
GIn189 -6.30 -1.96 3.97 -0.88 -5.17
Met49 -3.23 -0.55 0.85 -0.43 -3.36
Met165 -3.12 0.23 0.26 -0.37 -3.00
Argl88 -2.86 -0.93 1.51 -0.15 -2.44

Table S17. The average decomposed energy values of each hot-spot residues in
Saquinavir—MP™ (dimer Cys145/Hid41). (All values are in kcal/mol)

Residue | AE, AE,, AGyg, AG,, AH
GIn189 -7.32 -10.22 10.35 -1.30 -8.49
Met165 -4.31 -2.29 1.05 -0.48 -6.03
Glul166 -4.01 -0.12 2.11 -0.63 -2.65
Met49 -2.79 -0.17 1.03 -0.47 -2.41
Cys145 -1.64 -1.41 1.03 -0.18 -2.21
Thr190 -2.59 -1.80 2.39 -0.20 -2.20
GIn192 -1.99 -2.07 2.21 -0.23 -2.07
His163 -0.81 -3.29 2.14 -0.06 -2.01




