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Figure S1. Correlation between values of scoring functions and binding energies, and pICs values of the extended set of inhibitors
docked to PLpro (PDB ID: 7jn2). (A) Jain scoring function. (B) MM-GBSA.
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Figure S2. Structural formulas of the 20 potentially selective PLpro inhibitors candidates with the lowest predicted ICs, values based

on the MLR model estimation.
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Table 1. Summary of SARS-CoV-2 PLpro crystal structures available in the PDB database.

PDBID Ligand name Ligand type Resolution [A] Mutations ICsp [uM] References
6wrh - - 1.60 C111S - [1]
6wzu - - 1.79 - - [1]
6xg3 - - 2.48 C111S - [1]
7¢jd - - 2.50 C111S - 2]
6w9c - - 2.70 - - -
7d47 - - 1.97 C111S -
7d6h - - 1.60 C111S - -
7nfv - - 1.42 - - -
6xaa ubiquitin - 2.70 C111S - [3]
6yva ISG15 - 3.18 C111S - [4]
6xa9 ISG15 - 2.90 - - [3]
6wuu VIR250 covalent 2.79 - - [5]
6wx4 VIR251 covalent 1.66 - - [5]
7jir GRL0617 non-covalent 2.09 C111S 2.30 [1]

7jit PLP_Snyder495 non-covalent 1.95 C111S 5.10 [1]
7jiv PLP_Snyder530 non-covalent 2.05 C111S 6.40 [1]
7jiw PLP_Snyder530 non-covalent 2.30 - 6.40 [1]
7cmd GRL0617 non-covalent 2.59 - 2.20 [2]
7¢m GRLO0617 non-covalent 3.20 C111S 2.20 -
7jm GRL0617 non-covalent 2.48 - 2.20 -
7jn2 PLP_Snyder441 non-covalent 1.93 - - -
7koj PLP_Snyder494 non-covalent 2.02 C111S - -
7kok  PLP_Snyder496 non-covalent 2.00 C111S - -
7kol PLP_Snyder496 non-covalent 2.58 - - -
7krx PLP_Snyder441 non-covalent 2.72 C111S - -
7lbr XR8-89 non-covalent 2.20 - 0.11 [6]
7lbs XR8-24 non-covalent 2.80 - 0.56 [6]
711f XR8-83 non-covalent 2.30 - 0.21 [6]
71z XR8-69 non-covalent 2.90 - 0.37 [6]
7los XR8-65 non-covalent 2.90 - 0.33 [6]
7e35 543 non-covalent 2.40 C111S - -
7mly ebselen - 2.02 C111S - -

Table 2. Cross-docking ligand heavy-atom RMSD [A] after superposition of proteins by Ca atoms. Redocking results are

presented in green. If the PDB structure had more than one protein chain, the chain chosen in this table has its name added

after underscore. 7jir, 7jrn, 7cjm, and 7cmd have the same inhibitor so only the results of 7jir ligand docking are presented.

The same applies to 7jiw and 7jiv. Two endmost ligands come from SARS-CoV PLpro.

Protein structure

Ligand from 7jir 7jm_A 7¢jm 7cmd D 7Zjit 7Zjiv 7Zjiw 6wuu_A 6wx4d 7jn2 6w9c_A
7jir 0.4 2.7 0.8 0.6 04 06 03 6.7 7.5 0.5 1.3
7jit 1.8 1.7 1.0 1.1 12 1.0 1.0 6.2 6.5 2.8 45
7jiv 0.5 0.8 1.2 0.6 05 103 03 47 49 4.2 8.1
6wuu 8.0 8.3 9.3 8.7 87 80 86 1.1 2.5 6.0 9.7
6wx4 9.9 9.8 7.8 9.9 84 83 80 2.6 2.0 6.0 9.7
7in2 1.6 1.8 1.7 1.7 05 29 28 4.0 6.8 1.6 1.8
4ovz 29 34 3.5 3.5 28 3.0 28 8.0 8.8 3.1 2.8
4ow0 3.0 3.6 9.2 3.7 29 29 29 7.9 8.3 3.3 6.6
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Table 3. Pearson correlation coefficients between pICs values of inhibitors and values of scoring functions and MM-GBSA
listed in the first column. Abbreviations: E.—Energy, I.E.—Interaction Energy. Top nine functions are expected to have
positive correlations, whereas MM—-GBSA is expected to be negatively correlated. Values above 0.5 or below —0.5 are shown

in green. If the PDB structure has more than one chain, the chain chosen in this table has its name added after underscore.

7jit and 7jiv have a C111S mutation, and 7jit_Cys and 7jiv_Cys have the serine residue mutated back into cysteine.

7jiw  6w9c_A  7jn2 7jit  7jit_ Cys 7jiv  7jiv_.Cys 7emd_D 7jrn_A
-CDOCKERE. 0.13  0.17 0.16  0.08 0.17 0.17 0.12 0.11 0.18
-CDOCKER LE. 0.46 060056 0.38 0.45 0.45 046 [NOB5062T
LigScorel 0.19  0.38 022 0.0 0.18 0.18 0.16 0.17 0.24
LigScore2 0.19  0.31 022 0.0 0.17 0.17 0.11 0.10 0.26
-PLP1 006  0.26 025  0.02 0.16 0.16 0.06 0.21 0.39
-PLP2 0.14 032 031  0.00 0.25 0.25 0.16 0.27 0.41
Jain [JOS3INOB307Z3 0.39 0.43 0.43 044 [OB5N 023
-PMF 039 0.2 037 049 0.45 0.45 0.46 0.21 0.36
-PMF04 039  0.21 044 OB 047 0.47 0.42 0.14 0.29

MMGESA 066 054 064 050 056 064 064 053 066

Table 4. Cross-docking results for 7jn2. Ligands from the PDB entries in the first column were docked to the 7jn2 PLpro

structure. Proteins were superimposed by Ca atoms and ligand heavy-atom RMSD [A] was calculated. Redocking results

are presented in green. 6wuu and 6wx4 have covalent inhibitors. Two endmost ligands come from SARS-CoV PLpro.

Ligand from RMSD [A]

72 e
7jir 0.5
7jit 2.8
7jiv 4.2
7koj 1.5

7kok 1.2
7lbr 1.1
71bs 1.3
711f 45
71z 4.3
7los 1.7
7e35 3.6

6wuu 6.0

6wx4 6.0

4ovz 3.1

4ow0 3.3
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Table 5. Performance of the selected pharmacophore for different numbers of omitted features. The value of 14 was selected
for the drug screening.

Max. Number of Omitted Features Hits True positives EFj,

17 574 6 67.0
16 569 6 67.0
15 288 5 67.0
14 110 5 67.0
13 24 5 67.0
12 6 4 111.7

Table 6. SARS-CoV-2 PLpro inhibitors used for the confirmatory validation of the best pharmacophore. Names in the first
column reflect the names used in the cited sources.

Compound ICs¢ [nM] References

Jun9-72-2 670
Jun9-75-4 620 [7]
Jun9-75-5 560
Jun9-84-3 670
DY-3-15 800
XR8-23 390
XR8-24 560
XR8-30 750
XR8-32-2 810
XR8-57 700 [6]
XR8-65 330
XR8-67 170
XR8-79 410
XR8-83 210
XR8-89 113
XR8-98 810
ZN-2-185 600
ZN-2-187 800
ZN-3-80 590

rachc_R 810 [3]
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Table 7. PLpro inhibitors used for validation of binding affinity prediction. Names in the first column reflect the names
used in the cited sources.

Compound ICs [nM] Description References
2 5100
3 6400
4 43200
GRL0617 derivatives [1]
5 16800
6 7000
7 12700
2a 6900
2i 15000
2n 42000
2p 7500
GRL0617 derivatives [8]
2r 10000
2s 10000
14h 7600
14k 57000
6577871 100700  similar to the ligand from 4ovz
7724772 _R GRLO0617 without the amine group
—————— 23500 [°]
7724772_S S enantiomer
Compound 6 5000 GRL0617 amide, R enantiomer
GRLO0617 2100 ligand from Zjir [10]
rac3j_R ligand from 4ovz
_ 1400
rac3j_S S enantiomer
rac3k_R ligand from 4ow0
—_— 1150 [3]
rac3k_S S enantiomer
rachc_R 410 similar to the ligand from 4ow0 and 4ovz

racbc_S S enantiomer
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Table 8. PLpro inhibitors used for additional validation of binding affinity prediction. Names in the first column reflect the
names used in the cited sources.

Compound ICs [nM] References

Jun9-67-1 2720
Jun9-68-3 5130
Jun9-72-2 670
Jun9-75-3 8890 [7]
Jun9-75-4 620
Jun9-75-5 560
Jun9-84-3 670
Jun9-85-1 660
Jun9-85-5 16590
Jun9-86-2 6490
DY-3-15 800
DY-3-65 6300
DY-3-66 3300
DY2-109 21000
DY2-137 3300
XDY2-62 3300
XR8-24 560 (6]
XR8-61 6500
XR8-69 370
XR8-89 113
XR8-9 1800
XR8-96 250
ZN-2-181 1100
ZN-2-187 800
ZN-2-188-1 1600
ZN-3-56 3900
ZN-3-66 4100
ZN-3-71 10900

ZN-3-80 590
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Table 9. Summary of compounds with known in vitro activity against UCH-L1 used for molecular docking validation
conducted in Maestro 2017-1. AGy;,q values show MM-GBSA binding free energies calculated for ligands docked to the
UCH-L1 structure (PDB ID: 4jkj, chain B) using Glide SP.

Compound ICs [nM]  AGy,q [kcal/mol] References

1 6000 —42.78
3 12000 —39.12
5 17000 —48.80
8 51000 —44.01
9 290000 ~19.22
10 126000 —26.29
11 75000 —20.77
13 3400 —40.99
14 3400 —43.96
20 36000 —43.39 (1]
30 880 —43.07
31 1200 —41.71
33 1300 —43.93
34 1800 —46.37
38 9500 —28.85
41 16000 —35.46
42 19000 —40.20
43 19000 —35.70
45 52000 —38.15
46 95000 —36.92
50 810 —46.00
51 940 —46.45
53 2900 —45.52
57 12000 —35.96
59 12000 —45.55
60 15000 —41.12
61 16000 —48.76
63 50000 —40.56
B2 15000 —28.13 [12]

Vialinin A 22300 —30.07 [13]
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Abbreviations

The following abbreviations are used in this manuscript:

EF enrichment factor

| (@) half maximal inhibitory concentration

ISG15 interferon-stimulated gene 15

MLR multiple linear regression

MM-GBSA  molecular mechanics—generalized Born and surface area solvation
PDB Protein Data Bank

PLpro papain-like protease

RMSD root-mean-square deviation

SARS-CoV  severe acute respiratory syndrome coronavirus

SP standard precision

UCH-L1 ubiquitin carboxy-terminal hydrolase L1
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