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S1) PL-REX dataset description

Supplementary Note 1. Selection rules.

The ten targets that make up the PL-REX dataset are listed in this section. In addition to a brief introduction to
each of them, we provide the reference to the source data and add our notes that are important for working with
the system. The PL-REX dataset uses all ligands from the original publications referenced here if they meet two
criteria:

1) The structure of the P-L complex is available from experiment, or it can be easily modeled based on an
experimental structure with a very similar ligand. We have only added small functional groups that fit
into the binding sites without clashes, have a small number of rotatable bonds (i.e. a small number of
possible conformations) and retain the core of the parent ligand.

2) Unambiguous experimental affinity is available, and was measured consistently with the other ligands in
the series. We did not consider ligands for which the affinity is not well defined, such as weakly-binding
ones with estimated activities (e.g. reported as 1Cso > 100 uM). No ligands were discarded arbitrarily,
even if they were problematic for scoring.

Supplementary Note 2. Main characteristics of PL-REX systems.

01-CA2

Target: Human carbonic anhydrase Il (CA2) is a zinc metalloenzyme. It is essential for maintaining general acid-
base equilibrium.

Source: Reference 1.

PDB codes: 5SNXG, 5NXI, 5NXO, 5NXP, 5NXV, 5NXW, 5NY1, 5NY3, 5NY6, and 5SNYA

Notes: The amide group which interacts with the Zn?* is ionized (-NH"). The formal charge on the ionized nitrogen
atoms was set to -1 for use in MOZYME.

02-HIV-PR

Target: HIV-1 protease (PR) is a dimeric aspartic protease, target of anti-HIV drugs.

Source: References 2-4.

PDB codes: 1HSG, 11ZH, 2Q54, 3EKX, 3EL1, 30XC, 1HXW, 1T3R, 2Q5K, 2Q55, 3NU3, and 5HVP

Notes: Consistently measured Ki values of HIV-1 protease inhibitors from Konvalinka lab®* and Schiffer lab*
were used, taking advantage of the fact that five clinically used inhibitors (SQV, RTV, APV, LPV and ATV) were
measured in both laboratories and showed no systematic shift with only minor deviations within the experimental
uncertainties.® For these five inhibitors, the Kivalues from Konvalinka lab?3 were used. Two ligands (OE and SQ)
from Ref. 3 were not used because their central NH,* group would require a different protonation of the catalytic
aspartate dyad (unprotonated) than for the other inhibitors. Ten compounds with 5S stereochemistry from Ref. 4
were built from the crystal structures of 13e or 14a complexes (2Q54 or 2Q55 PDB codes, respectively).

The ODI1 “lower” oxygen of Asp25’ of HIV-1 protease was considered protonated. Wat301 bridging two
carbonyl/sulfonyl oxygens of the ligands was retained. The ligand of the 5SHVP complex (acetyl-pepstatin)
changes its protonation state upon binding (proton transfer to the COO™ group of the inhibitor).

03-CK2

Target: Protein kinase formerly known as casein kinase 2 (CK2) is a pleiotropic Ser/Thr protein kinase with
hundreds of downstream targets, which have a variety of cellular functions. It is important in gene-expression
regulation, the synthesis and degradation of proteins, as well as the signaling and suppression of apoptosis and it
serves as a pharmacological target for treatment of different neoplastic diseases. Here, we use Zea mays CK2
protein kinase.

Source: 16 CK2 X-ray crystal structures from L. A. Pinna laboratory, with consistently measured K; values and
with the X-ray crystal structures available.5!



PDB codes: 1F0Q, 1J91, IM2P, 1M2Q, 1M2R, 1ZOE, 1Z0OG, 1Z0OH, 20XD, 20XX, 20XY, 3KXG, 3KXH,
3KXM, 3KXN, and 3PVG.
Notes: The 3PVG changes its protonation state upon binding (proton transfer to the COO™ group of the inhibitor).

04-AR

Target: Human Aldose reductase (AR) catalyzes the conversion of glucose to sorbitol. It has been established as
a target for treatment of diabetic complications.

Source: References 12-16.

PDB codes: 1USO, 2IKG, 2IKH, 2IKI, 2IKJ, 4LAZ, 4LB4, 4LBS, 4XZH, 4LAU, 4LB3, 4LBR, 4QXI, and 4XZI.
Notes: Dataset of 7 inhibitors with crystal structures and K; values from ITC measurements extended by datasets
of eight compounds with crystal structures and 1Cso values. All the 1Cso values were scaled according to the
IDD388 inhibitor, which is present in both series. The resulting dataset consisted of 14 inhibitors. Cofactor
(NADP) was retained and considered as part of the protein.

05-Cath-D

Target: Cathepsin D (Cath-D) is a pepsin-family aspartic protease. Its primary role is lysosomal digestion of
proteins. Cath-D is implicated in numerous pathologies including several neurodegenerative conditions,
osteoarthritis and acute pancreatitis.

Source: Reference 17.

PDB codes: 6QBG, 6QBH, and 6QCB.

Notes: Original dataset of 35 macrocyclic inhibitors with 1Cso values, 3 of them with an X-ray crystal structure.
We use 10 systems which cover the range of ICso values from 0.9 to 2 000 nM, and either have the crystal structure
or can be built from the crystal structure with confidence. One aspartate (Asp231) of the catalytic dyad was
protonated on OD2 (the “upper” oxygen). The alternative B conformation of Met309 was used.

06-BACE1

Target: Beta secretase 1, BACEL is the major B-secretase for the generation of amyloid-f peptides in neurons
and a potential target related to Alzheimer’s disease.

Source: D3R grand challenge 4.1

PDB codes: 5QCO, 5QCP, 5QCR, 5QCT, 5QCU, 5QCV, 5QCX, 5QCY, 5QCZ, 5QD0, 5QD1, 5QD2, 5QD3,
5QD5, 5QD9, and 5QDA.

Notes: The catalytic aspartate Asp228 was protonated on OD1. Wat523 was retained.

07-JAK1

Target: JAKL is a human tyrosine kinase essential for signaling for certain type | and type Il cytokines. JAK1
plays a critical role in initiating responses to multiple major cytokine receptor families.

Source: References 19-24.

PDB codes: 4EHZ, 4E14, 4EAL, 4E4N, 4E5W, 4FK®6, 41VB, 41VC, 4I1VD, 415C, 4K6Z, and 4K77.

Notes: Six water molecules were retained as a part of the protein, specifically Wat1302, Wat1329, Wat1349,
Watl1351, Wat1419 and Wat1456 in 41VD.

08-Trypsin

Target: Trypsin is a serine protease, found in the digestive system of many vertebrates. Trypsin inhibitors
interfere with digestion activity and have an antinutritional effect.

Source: References 25-29.

PDB codes: 1K1l, 1K1J, 1K1L, 1K1M, 1K1N, 2ZHD, 22Q2, 31JJ, 3LJO, 5SMNG, 5MO02, 6SY3, 6TOM, 6TOP,
and 6T5W.

Notes: The protonation of ligands was assessed according to the literature. It has been shown that approximately
one proton is transferred from the buffer to the ligand of the 1K1l complex (to the COO" group) upon complex
formation, whereas about “0.5 proton” is released upon binding of the ligand of the 1K1L complex (from the


https://en.wikipedia.org/wiki/Tyrosine_kinase
https://en.wikipedia.org/wiki/Cytokine

NH* group).? Additionally, a proton is also transferred from the buffer to the ligands of the 6SY3, 6TOM, 6TOP,
6T3Q, 6T5W and 6TS3 complexes (to the pyridine groups).?® Catalytic residues Ser195 and His56 are charged.*
Ten water molecules were considered, specifically Wat1005, Wat1006, Wat1017, Wat1024, Wat1025,
Wat1040, Wat1093, Wat1137 and Wat1124 in 1K1l and Wat396 in 1K10.

09-CDK2

Target: Cyclin-dependent kinase 2 (CDK?2) is the most studied member of the CDK family of Ser/Thr protein
kinases. It is an essential component of cell-cycle regulation.

Source: All ligands with I1Cso values from Reference 31.

PDB codes: 3QQK, 3QTR, 3QTU, 3QTX, 3QUO, 3RAH, 3RAL, 3RKB, 3RK7, 3RMF, 3RPV, 3R8U, 3R8Z,
3R9N, 3S00, 3S1H, 3QTQ, 3QTS, 3QTW, 3QTZ, 3QXP, 3RAK, 3RJC, 3RK5, 3RK9, 3RNI, 3RPY, 3R8V,
3R9D, 3SQQ, and 3S00.

Notes: Residues Tyrl5, Phel46, Gly147 and Leul48 were optimized by AMBER ff19SB force field with IGB7
implicit solvent model (see Methods) in order to remove the clashes of Tyrl15:0H with Gly147:0 and
Arg126:NH2 with Leul48:N.

10-MMP12

Target: Matrix metalloproteinase-12 (MMP12) may play a role in aneurysm formation and studies in mice and
humans suggest a role in the development of emphysema.

Source: References 32-34.

PDB codes: 3EHX, 3EHY, 3F15, 3F16, 3F17, 3F18, 3F19, 3F1A, 3LKS8, 3N2U, 3N2V, 3NX7, 3RTS, 3RTT,
4GUY, 5LAB, 6RDO, and 6RLY.

Notes: Two ligands, i.e. of the 3EHX and 3EHY complexes, change their protonation state upon binding (proton
transfer to the COO" group of the inhibitor).



S2) SQM scoring results

Supplementary Figure 1. SQM2.20 scores plotted against the binding free energies (AGuind®) derived from the
experimental affinities for each target series of the PL-REX dataset. Analogous plots for the other scoring
functions discussed in the paper are provided in the Section 10 of the Supplementary Information. All energies
are in kcal/mol. Source data are provided as a Source Data file.
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S3) Alternative SQM Scoring Protocols

Supplementary Note 3. SQM-Score performance.

The performance of SQM2.20 was evaluated by correlating the scores to the binding free energies (AGpind®)
derived from the experimental affinities, and quantified by the squared Pearson coefficient, R? (Supplementary
Figure 1). The performance of SQM2.20 score was compared to its derivatives based on PM7 and default PM6-
D3H4X corrections with COSMO solvent model (Tab. S1). Plots of these scores are also available in the Section
10 of the Supplementary Information.

As the benchmark for the PM6-D3H4X method used in the SQM2.20 score, we used the state-of-the-art density
functional theory (DFT) using a range-separated hybrid ®B97X-D3BJ functional / DZVP-DFT basis set. Their
correlation for the leading term of the SQM2.20 score, the gas-phase interaction energy, AEix, iS shown in
Supplementary Figure 2.

Supplementary Table 1. Squared Pearson coefficient, R?, of the correlation between the SQM2.20 score and its
PM7/COSMO and default PM6-D3H4X/COSMO derivatives and the experimental binding free energies, AGpind,
calculated on the PL-REX dataset. Source data are provided as a Source Data file.

Target SQM2.20 PM7/COSMO | default PM6-D3H4X/COSMO
01-CA2 0.67 0.70 0.41
02-HIV-PR 0.75 0.63 0.77
03-CK2 0.81 0.27 0.27
04-AR 0.70 0.64 0.68
05-Cath-D 0.66 0.71 0.53
06-BACE1 0.63 0.67 0.40
07-JAK1 0.56 0.71 0.52
08-Trypsin 0.75 0.86 0.72
09-CDK2 0.61 0.41 0.50
10-MMP12 0.74 0.20 0.76
Average 0.69 0.58 0.56




S4) PM6-D3H4X vs. DFT

Supplementary Note 4. Timing of benchmark calculations.

Here we compare the timing of the SQM and DFT calculations discussed in the paper. It has to be emphasized
that we are comparing the timing of just the calculation of AEiy to which DFT was applied. The timing of the
complete SQM2.20 scoring protocol is discussed separately in Section S6 of the Supplementary Information.

Supplementary Table 2. Average CPU time in hours (hormalized to 1 CPU) for AEi calculation for PL-REX
datasets as calculated using DFT (on AMD 7H12, 2.6 GHz CPU) compared to CPU time in minutes using PM6-
D3H4X (Intel Xeon Gold 6140, 2.30 GHz). n.d. not determined because the DFT calculations failed to converge

for three complexes with iodine-containing ligands in the 04-AR target.

Trimmed model Default model
Target (~1,000 atoms) (~2,000 atoms)
DFT PM6-D3H4X PM6-D3H4X
01-CA2 537.7 hrs 1.8 min 8.4 min
02-HIV-PR 749.3 hrs 2.4 min 7.2 min
03-CK2 560.2 hrs 6.6 min 9.0 min
04-AR n.d. 6.0 min 12.0 min
05-Cath-D 686.7 hrs 1.8 min 7.8 min
06-BACE1 758.9 hrs 3.0 min 9.6 min
07-JAK1 715.3 hrs 2.4 min 6.0 min
08-Trypsin 517.5 hrs 3.0 min 7.2min
09-CDK2 739.8 hrs 2.4 min 5.4 min
10-MMP12 525.7 hrs 1.8 min 4.8 min
Average 643.5 hrs* 3.1 min 7.7 min
Minimum 517.5 hrs* 1.8 min 4.8 min
Maximum 758.9 hrs* 6.6 min 12.0 min
* 04-AR target excluded from the statistics
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Supplementary Figure 2. Correlation, R? of interaction energies in the gas phase calculated at PM6-D3H4X
and DFT levels (see Methods) over the PL-REX dataset on PL-REX geometries. Source data are provided as a

Source Data file.
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S5) Effect of the P-L geometries on the score

Supplementary Note 5. Performance of SFs on MM-optimized geometries.

We also tested MM-optimized geometries for scoring by standard SF and ML methods, which resulted in only
small deterioration in correlations as compared to the PL-REX geometries (Supplementary Figure 3;
Supplementary Table 3). It is evident that the performance of standard SFs is not significantly improved by
replacing MM-optimized geometries with PL-REX geometries, contrary to the SQM2.20 which benefits from
geometries of higher quality.

0.8
07 | Average (PL-REX geo)

Average (MM-opt LIG geo)
061 o Min (PL-REX geo) @ ||
05 |1 Min (MM—-opt LIG geo) - |

Supplementary Figure 3. Average and minimal correlation, R?, of MM score (purple), SQM2.20 (blue), standard
scoring functions (green) and ML methods (orange) over the PL-REX dataset on MM-opt LIG geometries
(hatched) and PL-REX geometries (solid, light). Source data are provided as a Source Data file.



Supplementary Table 3. Correlation, R?, of SQM2.20 and other scoring functions with the experimental binding
free energies on A. PL-REX geometries and B. MM-optimized ligands (heavy atoms of the protein frozen), i.e.
MM-opt LIG geometries. Values with one asterisk (*) indicate no correlations obtained with Glide Scores greater
than 10,000. Values with two asterisks (**) indicate a series where calculations for a few ligands failed (two
ligands of 02-HIV-PR, one ligand of 03-CK2 and one ligand in 10-MMP12) and thus the correlation was
calculated for >90% of ligands. The scale of R? goes from red (0.00), via yellow (0.50) to green (1.00). Source
data for individual scoring functions are provided as a Source Data files.

on PL-REX " " GlideSP | GlideXP Plants Plants X-Score X-Score | X-Score Gold Gold
geo SQM2:20 [ GlideSE: |, GlIdaXP: |~ cmin -min | ChemPLP | PLP XScors HPS HSS HMS  |ChemPLP

01-CA2 0.67
02-HIV-PR | 0.3/
03-CK2 0.38 D2 0.34**
04-AR 070 | 057 0.67 0.59 0.52 0.57 0.49 0.51 0.70
05-Cath-D 0.66 0.61 0.55 ) 0.56 0.62 0.41 0.58 0.61
06-BACE1 0.63 0.60 0.38 0.67 2 0.39 0.38 0.64 070 0
07-JAK1 0.56 0.53 0.62 0.62 | 0.52 0.47
08-Trypsin 0.68 0.51 0.48 0.60 0.66 0.58
09-CDK2 0.61
10-MMP12
AVERAGE 0.69 0.39 0.40 0.39 0.36 0.35 0.40 0.37
Minimal 0.56

on PL-REX Autodock
geo Vina

av. £ st.dev.

vinardo Autodock4 | AvinaRF20 | NNScore2 |RF-score-VS| pafnucy standard SFs

02-HIV-PR

04-AR
05-Cath-D
06-BACE1
07-JAK1

10-MMP12

AVERAGE
Minimal

A - lideSP | GlideXP | Plan Plan X-Scor X-Score | X-Scor 1 1
o e ' | 5aM220 | GiidesP | Giigexp | CLTSF | CUTENE | PERS | PR | xscore | XTR® | XTEE® | “FUE® |cnompLe| AgP
01-CA2 0.39

02-HIV-PR 0.42

03-CK2 NOZAN| OREL

04-AR 0.57 039 | 034 | 036 0.59 0.62 0.35
05-Cath-D 0.53 0.52 0.69 0.37 0.53 0.53 0.34 0.59 0,69 [IN0:330|
06-BACE1 | 033 | 0.39 0.60 071

07-JAK1 0.57 0.46 0.60 0.45 0.63 0.59 0.49 0.67 0.61
08-Trypsin 0.65 0.54 0.65 0.61 059 | 071 0330

09-CDK2 0.38

10-MMP12 0.58

AVERAGE 0.44 0.37 0.40 0.39 0.34 0.39 : 0.38

Minimal

Autodock vinariio av. * st.dev.
| standard SFs

0.40
0.57

10-MMP12

AVERAGE
Minimal




S6) SQM2.20 calculations on the whole protein

Supplementary Note 6. Model size verification.

In this section, we compare the averaged correlations between the SQM.2.20 scores and the experimental binding
free energies derived from experimental affinities, using the default model and the whole protein. It has to be
emphasized that we are comparing the results (correlations and timing) of the complete SQM2.20 scores
calculated as a sum of terms defined in the Eq. 1 of the paper. In addition to this, we discuss the timing of AEix
term calculation at PM6-D3H4X and DFT level separately, in the section S4 of the Supplementary Information.

Here, we had verified that the default model, i.e. using all residues within 10 A around all the overlaid ligands in
each target protein, perfectly reproduces the computationally more demanding scoring in the whole protein. The
results and timing of the SQM2.20 score calculations (on one CPU) averaged for each PL-REX target is shown
in Supplementary Table 4. The timing for each complex using the default model is depicted in Supplementary
Figure 4.

Supplementary Table 4. Averaged correlations, R?, and computational time in minutes, on the 10 protein-ligand
systems of the PL-REX data set, using 10 A cutoff of the systems (the default model) and using the whole protein
in the QM part.

Default model Whole protein
(from 1,270 to 2,199 atoms) (from 2,413 to 5,841 atoms)
SQM2.20 Averaged timing| SQM2.20 | Averaged timing
Target ) (in minutes) [ (full protein)| (in minutes)
01-CA2 0.67 16.5 0.67 54.5
02-HIV-PR 0.75 17.3 0.70 51.0
03-CK2 0.81 18.3 0.81 126.0
04-AR 0.70 22.9 0.71 118.3
05-Cath-D 0.66 17.3 0.66 86.4
06-BACE1 0.63 36.7 0.65 105.4
07-JAK1 0.56 27.2 0.57 69.1
08-Trypsin 0.75 21.6 0.76 39.5
09-CDK2 0.61 14.7 0.61 80.2
10-MMP12 0.74 10.4 0.75 26.2
Average 0.69 20.3 0.69 75.7
Minimal 0.56 10.4 0.57 26.2
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Supplementary Figure 4. The timing of the SQM2.20 score calculation (on one CPU) for each complex of the
PL-REX data set using the default model. Source data are provided as a Source Data file.
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S7) Effect of the protein structure selection

Supplementary Note 7. SQM2.20 results on different protein structures.

In this section, we analyze how the choice of receptor conformation affects the results of the SQM2.20 scoring,
comparing the default protein structure selection protocol with two alternatives. The default PL-REX structures
have been selected so that the protein that can best accommodate all the ligands (i.e., the protein with the largest
measured closest distance between the protein and all the ligands) and is labelled “least contact” here. In the first
alternative, we consider the protein with the second largest closest contact distance obtained in the same way (2"
least contact™) as a check of the sensitivity of the results to smaller variations in the protein structure. In the second
alternative, we apply a completely different but also rational rule to select the native protein of that ligand which
is the most similar to all the other ligands (i.e., has the highest average Tanimoto coefficient with all the other
ligands). This alternative is referred to as the "most similar ligand".

The results are summarized in Supplementary Table 5. It is clear that the choice of the structure which provides
enough space for the ligands is important for the success of the scoring. In case that the second best structure is
used, the average correlation drops to R? of 0.56, which is mainly due to the poor results in 06-BACE1, 07-JAK1
and 09-CDK2. The second best structures are generally similar to the best ones but there are important differences
in the binding sites. In the case of 06-BACEL, the conformation of the Thr72 - GIn73 - Gly74 loop differs. In 07-
JAK1, Argl1007 of the second best structure collides with the largest ligand of the set. The second best structure
of 09-CDK?2 varies in the conformation of the Asn132 side chain. These three systems are also problematic when
the native protein of the most similar ligand is used. Again, the average R? drops to 0.56.

Finally, each ligand can be scored in its own crystal structure. We do not use this approach because the scoring
function neglects some terms that may cancel out if a single protein structure is used for all the ligands. Also,
preparing multiple crystals for the calculations and ensuring that they are as consistent as possible is a tedious
task. As a demonstration, we performed such an analysis for the 01-CA2 target where each ligand was scored in
its own crystal. The computed scores were slightly more favorable than when using a single receptor structure, on
average by 0.7 kcal/mol. However, the obtained correlation R? of 0.43 was significantly lower than that when
using a single receptor structure where R? ranged from 0.52 to 0.67 (Supplementary Table 5). This result highlights
the importance of using a single representative protein structure when an end-point scoring function of this type
is used.

Supplementary Table 5. Representative protein conformations selected according to different criteria and
respective correlations of SQM2.20 with the experimental affinities. The crystals used in PL-REX are in bold.
Source data are provided as a Source Data files.

Crystal used Squared Pearson coefficient (R?)
Target Least contact | 2" least contact | Most similar ligand | Least contact|2™ least contact|Most similar ligand
01-CA2 5NXG 5NXP 5NXP 0.67 0.52 0.52
02-HIV-PR 2AQU 30XC 2054 0.75 0.77 0.73
03-CK2 3KXN 1ZOE 3KXN 0.81 0.71 0.81
04-AR 4XZH 40QXI 21Kl 0.70 0.61 0.73
05-Cath-D 60BH 6QBG 6QCB 0.46 0.53 0.66
06-BACE1 5QCZ 5QD3 5QCO 0.63 0.28 0.22
07-JAK1 41VD 4EHZ 4E14 0.56 0.38 0.42
08-Trypsin 1K1l 6TOM 27Q2 0.75 0.73 0.65
09-CDK2 3R9H 3R9D 3RAK 0.61 0.42 _
10-MMP12 3EHY 3N2U 3NX7 0.74 0.66 0.72
Average 0.67 0.56 0.56
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S8) Relationship between SQM2.20 and absolute binding
free energy

Supplementary Note 8. Comparison between the scores and the experimental affinities.

Although the SQM2.20 score calculates the key terms of the binding free energy using accurate computational
methods, the result is not on the same scale as the experimental AGpind®. The neglect of some terms that would
weaken the binding, most importantly of the thermal effects and the dynamics of the system, makes the score in
the energy units larger. This is a common feature of simplified end-point scoring functions, and some of them
address it by an empirical scaling of the final values of the score. We have chosen not to use such a scaling in
order to keep the SQM2.20 score free of any system-specific parameters. This limitation is mitigated by working
only with the correlation between the scores and the experimental free energies, as we do throughout this work.
To quantify this effect, we applied a linear regression to the ten series of AGpind® and SQM2.20 scores, and we list
the resulting slopes in Supplementary Table 6. As expected, the slope values are greater than 1, ranging from 2.2
to 5.7 in all the systems except 03-CK2 with a slope of 11.1, but with an excellent correlation (R? = 0.80).

A second effect that prevents a direct comparison between the scores and the experimental affinities is a shift of
the scale, again due to the neglect of some terms of the binding free energy. This shift can be considered as a
constant which characterizes each target and its ligand series and can be removed by subtracting the average score
of the series and adding the average AGyind’. The scores shifted in this way can then be evaluated together across
all targets and are plotted below in Supplementary Figure 5. The correlation between the score and AGpind® in the
entire PL-REX dataset has an R? of 0.46; this can be considered a good result for a scoring function that was not
designed to produce scores that are comparable between different targets.

Supplementary Table 6. Slope of the linear regression of the relationship between SQM 2.20 score and the
experimental binding free energies AGpina” (Score = a - AGpind® + b).

Target Slope a

01-CA2 3.13

02-HIV-PR 4.01

03-CK2 11.08

04-AR 5.38

05-Cath-D 4.03

06-BACE1 2.16

07-JAK1 2.76

08-Trypsin 5.74

09-CDK?2 2.56

10-MMP12 5.61

Average 4.64

0 T : 01-CA2
g2 o 1R
1@ -4 S -:.'.‘.'. 05.CainD -
g . o RcE .
§ 8 * e f .o 4 08-Trypsin »
& * e R, 09-CDK2 o
S g0 | ....:.:‘.3 A 4 10-MMmP12 .
§ 12 XA o
E -14 - o o ‘L 1
£ 16t st i
-18 : R —

-18 -16 -14 -12 10 -8 -6 -4 -2 0
Experimental AGbindo (kcal/mol)

Supplementary Figure 5. Plot of shifted SQM2.20 scores against the AGpina. The same scale is used for the x and
y axes to illustrate the slope of the dependence. Source data are provided as a Source Data files.
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S9) List of crystal structures used

Supplementary Table 7. List of crystal structures of the P-L complexes used in this work. Along with the PDB
code, we list the resolution (in A) of the whole structure, and the real-space correlation coefficient (RSCC,
ranging from 0 to 1) of the ligands indicating the reliability of the model with respect to the experimental
electron density.

PDB Resolution RSCC PDB Resolution RSCC PDB Resolution RSCC
01-CA2 04-AR 07-JAK1

5NXG 1.20 0.99 1US0 0.66 1.00 4E4AL 2.00 0.98

5NXI 1.16 0.95 2IKG 1.43 n.d. 4E4N 1.90 0.97

5NXO 1.20 0.98 2IKH 1.55 0.83 4E5W 1.86 0.97

5NXP 1.25 0.99 21Kl 1.47 0.95 4EHZ 2.17 0.97

5NXV 1.10 0.99 21KJ 1.55 0.97 4E14 2.22 0.96

5NXW 1.10 0.97 4LAU 0.84 1.00 4FK6 2.20 0.97

5NY1 1.10 0.98 4LAZ 0.85 1.00 415C 2.10 0.97

5NY3 1.40 0.97 4LB3 0.80 1.00 41VB 1.90 0.98

5NY6 1.10 0.75 41.B4 0.80 1.00 41VC 2.35 0.97

5NYA 1.20 0.99 4LBR 0.80 1.00 41VvD 1.93 0.97

02-HIV-PR 4LBS 0.76 1.00 4K6Z 2.73 0.92

1HSG 2.00 n.d. 40QXI 0.87 0.98 4K77 2.40 0.97

1HXW 1.80 n.d. 4XZH 1.00 0.98 08-Trypsin

11ZH 1.90 n.d. 4XZI 2.45 0.91 1K1l 2.20 0.96

1T3R 1.20 n.d. 05-Cath-D 1K1J 2.20 0.96

2Q54 1.85 0.91 60QBG 1.80 0.96 1K1L 2.50 0.94

2Q55 1.90 0.90 60QBH 1.85 0.96 1KIM 2.20 0.97

2Q5K 1.95 0.88 6QCB 1.55 0.95 1KIN 2.00 0.96

3EKX 1.97 0.75 06-BACE1 2ZHD 1.94 0.84

3EL1 1.70 0.94 5QCO 2.70 0.96 22Q2 1.40 0.90

3NU3 1.02 0.97 5QCP 2.45 0.94 3LJJ 1.55 n.d.

30XC 1.16 0.95 5QCR 2.20 0.95 3LJO 1.50 0.93

5HVP 2.00 n.d. 5QCT 2.05 0.96 5MNG 0.86 0.99
03-CK2 5QCU 1.95 0.96 5MO02 1.50 n.d.

1F0Q 2.63 n.d. 5QCV 2.25 0.94 6SY3 0.95 0.96

1J91 2.22 n.d. 5QCX 2.20 0.91 6TOM 1.51 0.93

1M2P 2.00 n.d. 5QCY 2.15 0.91 6TOP 1.19 0.96

1M2Q 1.79 n.d. 5QCz 2.30 0.92 6T5W 1.13 0.96

1M2R 1.70 n.d. 5QD0 2.60 0.98

1ZOE 1.77 n.d. 5QD1 2.40 0.95

1Z0G 2.30 n.d. 5QD2 2.50 0.96

1ZOH 1.81 n.d. 5QD3 2.46 0.94

20XD 2.30 0.95 5QD5 2.30 0.93

20XX 2.30 0.96 5QD9 2.60 0.97

20XY 1.81 0.96 5QDA 2.10 0.94

3KXG 1.70 0.85

3KXH 1.70 0.80

3KXM 1.75 0.90

3KXN 2.00 0.88

3PVG 1.50 0.93
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PDB Resolution RSCC PDB  Resolution RSCC
09-CDK2 10-MMP12
3Q0K 1.86 0.96 3EHX 1.90 0.95
3QTQ 1.80 0.96 3EHY 1.90 0.98
3QTR 1.85 0.95 3F15 1.70 0.97
3QTS 1.90 0.91 3F16 1.16 0.94
3QTU 1.82 0.97 3F17 1.10 0.96
3QTW 1.85 0.96 3F18 1.13 0.94
3QTX 1.95 0.95 3F19 1.13 0.98
3QTz 2.00 0.98 3F1A 1.25 0.97
3QU0 1.95 0.98 3LK8 1.80 0.98
3QXP 1.75 0.97 3N2U 1.81 0.95
3R8U 2.00 0.92 3N2V 1.55 0.96
3R8V 1.90 0.94 3NX7 1.80 0.98
3R8Z 1.85 0.91 3RTS 1.81 0.97
3R9D 1.95 0.96 3RTT 1.82 0.91
3R9N 1.75 0.95 4GUY 2.00 0.95
3RAH 1.75 0.93 5LAB 1.34 0.96
3RAK 1.75 0.98 6RDO 1.90 0.75
3RAL 1.75 0.96 6RLY 2.20 0.76
3RJC 1.85 0.92
3RK5 2.00 0.94
3RK7 1.80 0.88
3RK9 1.85 0.95
3RKB 2.00 0.95
3RMF 1.75 0.97
3RNI 1.95 0.91
3RPV 1.80 0.98
3RPY 1.90 0.97
3sS00 1.80 0.91
3500 2.00 0.93
3S1H 1.75 0.97
35QQ 1.85 0.97
Total average 0.94
Total minimum 0.75
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10) Plots of all scoring functions

Supplementary Note 9. Plots of the score against experimental binding free energies for all
the scoring functions discussed in the paper.

This section contains plots of the score against the experimental binding free energy for each
target, computed with the additional scoring functions on the PL-REX geometry, as Supple-
mentary Figures 6 — 31. The overall comparison of these scoring functions is presented in Figure
1. of the paper and tables of the results are available here in Supplementary Tables 1 and 3A.
The data used to generate these plots are available in the Supplementary Data file (directory
raw_scores) as well as in the repository associated with the paper:

(https://doi.org/10.5281 /zenodo.8182922).
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Supplementary Figure 6: Plots of the SQM2.20 score against the experimental binding energy for
each target.
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Supplementary Figure 7: Plots of the
energy for each target.
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Supplementary Figure 8:
each target.
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Supplementary Figure 9:

for each target.
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Supplementary Figure 10: Plots of the GlideXP score against the experimental binding energy for
each target.
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Supplementary Figure 11: Plots of the GlideXP-min score against the experimental binding energy
for each target.
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Supplementary Figure 12: Plots of the Plants PLP score against the experimental binding energy
for each target.
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Supplementary Figure 13: Plots of the Plants ChemPLP score against the experimental binding
energy for each target.
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Supplementary Figure 14: Plots of the X-Score score against the experimental binding energy for
each target.
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Supplementary Figure 15: Plots of the X-Score HMS score against the experimental binding energy
for each target.
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Supplementary Figure 16: Plots of the X-Score HPS score against the experimental binding energy

for each target.
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Supplementary Figure 17: Plots of the X-Score HSS score against the experimental binding energy
for each target.
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Supplementary Figure 18: Plots of the Gold ChemPLP score against the experimental binding
energy for each target. GOLD scores have the opposite sign to the binding energy (the higher the score,
the better the binding). To make the plots comparable to others, a negative of the score is plotted.
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Supplementary Figure 19: Plots of the Gold ASP score against the experimental binding energy
for each target. GOLD scores have the opposite sign to the binding energy (the higher the score, the
better the binding). To make the plots comparable to others, a negative of the score is plotted.
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Supplementary Figure 20: Plots of the Gold GS score against the experimental binding energy for
each target. GOLD scores have the opposite sign to the binding energy (the higher the score, the better
the binding). To make the plots comparable to others, a negative of the score is plotted.
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Supplementary Figure 21: Plots of the Gold CHS score against the experimental binding energy
for each target. GOLD scores have the opposite sign to the binding energy (the higher the score, the
better the binding). To make the plots comparable to others, a negative of the score is plotted.

Score

Score

Score

Score

01-CA2, R=0.26 R?=0.07

-20 T T T T T
ol o 500 o S0 |
24 | 4
26 | ° 3%y
e
28 VI
30 F o™ gswo 4
o 50P
32 o 56 b
E . . . . .
-2 115 11 -105 10 -9.5 -9 -8.5
Experimental AGy;ng
04-AR,R=0.78 R?=0.61
-20 T T T T T T v T
25 b 4
o0
30 | o oz o 26 i
35 o e wisn i
e T
-40 - ° o 1050 4
45 . . . . . . . .
-11 -105 -10 95 9 85 -8 75 -7 -65
Experimental AGy;ng
07-JAK1,R=0.76 R®=0.58
21 —— Tl
22 b dl
281 Vo 1
24 | 4
25 - o 1
26 oz 1
27 F 4
ig r e o EHZ 1
sor o N0 ) ]
31 o “Fpavo @ o 4VB 4
32 . I . . . . . . .
-14 135 -18 -125 -12 -11.5 -11 -105 -10 -95 -9
Experimental AGy;ng
10-MMP12, R=-0.20 R?=0.04
-5 T : ‘ ‘
10 F 4
15 F 4
o 3
Wp g 1
o 58
25 o wateiffis B
- =
-30 o 17 o GEHX 7
35 . . . . .
-12 -1 -10 -9 -8 -7 -6

Experimental AGy;ng

Score

Score

Score

02-HIV-PR, R=0.30 R?=0.09

T
TR
. o mokitet

o X
oM

o moditad
Rp—

o madezsd

sve
o modoiiza o mosezza ®

o el

o moseize

o modeizza

0 205

o modeitea

o 205

. . .
138 12 11
Experimental AGy;nq

-10 -9

05-Cath-D, R=0.76 R®=0.57

p—
o 60BH
o 60CE

o modettt
o modkiz2

58 I
60 |
62 |

o 6086

o modkizs

o moseoss |

o deias

64 . .
-135 -13 -125 -12 -11.5 -11 -10.5 -10 -9.5
Experimental AGy;nq

08-Trypsin, R = 0.54 R?=0.29
:

-20 T

L——"

o RO

L
o
o 2ze2

o Il
e it
. .
o KM
L

-10 -9 -8 -7 -6 -5
Experimental AGy;nq

31

22

Score

Score

Score

-19
-20
-21

03-CK2, R=0.29 R?=0.08 (1 ligand missing)

e

2000

1F0Q

-22
-23

24 |

-25
-26
-27
-28
-2

-30
-35
-40
-45
-50
-55
-60

-6!
-125 -12 -11.5 -1

-25

-30

-35

1208 200 2007 wvé

1206
s 10e1

R

\zon o

F0H
L

9
-10.5

.
-9.5 -9
Experimental AGy;,q

-10

06-BACE1, R=0.66 R?=0.43

o 50CR

@ 500U

0 5000

L o %001

o 501
0 503
0 5909 o sacy
6500 g sacx @ 502 +H
sacp.

o0

P
1-105-10 95 -9 -85 -8
Experimental AGyng

09-CDK2, R=0.46 R?=0.21

- o 3RK0 © %8 B

= o W

o Y
o RN

o 3KB @ 30TR

aRAL

© 3720 R

e

R of

T L R S

I
-8.5 -8 7.

4
-11 -10.5

-10 95 -9 -85 -8

Experimental AGyng

5

oD

3w



Supplementary Figure 22: Plots of the Vina score against the experimental binding energy for each

target.
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Supplementary Figure 23: Plots of the Vinardo score against the experimental binding energy for
each target.
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Figure 24: Plots of the Smina score against the experimental binding energy for

03-CK2, R=-0.44 R?=0.19
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Supplementary Figure 25: Plots of the Autodock4 score against the experimental binding energy
for each target.
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Supplementary Figure 26: Plots of the AvinaRF2g score against

for each target.
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Supplementary Figure 27: Plots of the NNScore2 score against the experimental binding energy
for each target.
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Supplementary Figure 28: Plots of the RF-Score-VS score against the experimental binding energy
for each target.
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Supplementary Figure 29: Plots of the Pafnucy score against the experimental binding energy for
each target.
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Supplementary Figure 30: Plots of the SQM/(default PM6-D3H4X/COSMO) score against the
experimental binding energy for each target.
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Supplementary Figure 31:
binding energy for each target.
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11) 2D structures of the ligands

Supplementary Note 10. 2D structures of the ligands and schematic drawings of the binding

mode of the reference ligands.

This section lists the 2D structures of the ligands. For each target, a schematic view of the
binding pose in the protein-ligand complex selected as the representative structure used for
scoring is also provided. The figures have been generated from the 3D structures available in
the repository associated with the paper:

(https://doi.org/10.5281 /zenodo.8182922).
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Supplementary Figure 32: Target 01-CA2, schematic drawing of the binding pose in the crystal
selected for scoring, PDB code 5NXG.
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Supplementary Figure 33: Target 01-CA2, 2D structures of the ligands in the series and their binding

free energies derived from the experiment.
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Supplementary Figure 34: Target 02-HIV-PR, schematic drawing of the binding pose in the crystal

selected for scoring, PDB code 2AQU.
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Supplementary Figure 35: Target 02-HIV-PR, 2D structures of the ligands in the series and their

binding free energies derived from the experiment.
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Supplementary Figure 36: Target 03-CK2, schematic drawing of the binding pose in the crystal

selected for scoring, PDB code 3KXN.

Supplementary Figure 37: Target 03-CK2, 2D structures of the ligands in the series and their binding
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Supplementary Figure 38: Target 04-AR, schematic drawing of the binding pose in the
selected for scoring, PDB code 4XZH.
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Supplementary Figure 39: Target 04-AR, 2D structures of the ligands in the series and their binding
free energies derived from the experiment.
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Supplementary Figure 40: Target 05-Cath-D, schematic drawing of the binding pose in the crystal
selected for scoring, PDB code 6QCB.
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Supplementary Figure 41: Target 05-Cath-D, 2D structures of the ligands in the series and their
binding free energies derived from the experiment.

Lo % AT

6QBG 6QBH 6QCB model08

AGping = -13.1 kcal/mol AGping = -12.2 kcal/mol AGping = -11.7 kcal/mol AGping = -10.2 kcal/mol

Q

(NZ/\J\ED\O ﬁ/\i (//¥/\EN\/KU
model22 model24 model25 model31
AGpind = -9.6 kcal/mol AGpindg = -9.0 kcal/mol AGping = -12.7 kcal/mol AGping = -9.1 kcal/mol

20



model35

AGping = -8.7 kcal/mol

(Nf/\_/\\wj\o
H o
N
o
o

model36

AGping = -8.2 kecal/mol

o1



Supplementary Figure 42: Target 06-BACEL, schematic drawing of the binding pose in the crystal
selected for scoring, PDB code 5QCZ.
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Supplementary Figure 43: Target 06-BACE1L, 2D structures of the ligands in the series and their
binding free energies derived from the experiment.
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Supplementary Figure 44: Target 07-JAK1, schematic drawing of the binding pose in the crystal
selected for scoring, PDB code 4IVD.
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Supplementary Figure 45: Target 07-JAK1, 2D structures of the ligands in the series and their
binding free energies derived from the experiment.
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Supplementary Figure 46: Target 08-Trypsin, schematic drawing of the binding pose in the crystal
selected for scoring, PDB code 1K1I.
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Supplementary Figure 47: Target 08-Trypsin, 2D structures of the ligands in the

series and their
binding free energies derived from the experiment
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Supplementary Figure 48: Target 09-CDK2, schematic drawing of the binding pose in the crystal
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Supplementary Figure 49: Target 09-CDK2, 2D structures of the ligands
binding free energies derived from the experiment.
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Supplementary Figure 50: Target 10-MMP12, schematic drawing of the binding pose in the crystal

selected for scoring, PDB code 3EHY.
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Supplementary Figure 51: Target 10-MMP12, 2D structures of the ligands in the series and their

binding free energies derived from the experiment.
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