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Figure S1. Cycle closure of different alchemical protocols in the ligand cycle in the TYK2 system. The cycle
closure was calculated by summing up the AAG values of the three edges of the TYK2 ligand cycle and the absolute
values of the cycle closure for five different SepTop protocols and one standard RBFE protocol are shown as bars.
The cycle closure was lowest for the two protocols that used e-HREX to enhance sampling, either in combination
with restraints on rotatable bonds or without, suggesting that for this system the e-HREX protocols led to good
convergence.
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Figure S2. 2D structures of four MALT1 ligands. Transformations here involve a chiral inversion (top) as well as
the closing of a ring going from isopropyl to cyclopropyl (bottom).
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Ligand cycles

Figure S3. Cycle closure for all ligand cycles in the MALT1 system. The majority of ligand cycles have a cycle
closure below 0.5 kcal/mol. Six ligand cycles have a cycle closure greater than 1 kcal/mol, indicating sampling
problems.
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Figure S4. Correlation between SepTop and NES Orion results for the MALT1 system. Shown are AAG values

for all edges. For most edges, both methods gave similar results, however, there are some outliers where the two
methods do not agree with one another.
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Edge AAGExp AAG SepTop AAG NES

Pfizer-01-01 — Pfizer-01-02 0.26 0.00+0.16 -1.083+0.10
Pfizer-01-01 — Pfizer-01-03 0.62 0.41 +£0.15 -0.21+0.19
Pfizer-01-02 — Pfizer-01-03 0.26 -0.30+0.16 0.09+0.24
Pfizer-01-01 — Pfizer-01-06 2.19 3.10+0.17 1.94+0.21
Pfizer-01-02 — Pfizer-01-06 1.93 3.05+0.17 2.46=+0.27
Pfizer-01-03 — Pfizer-01-06 1.68 1.90+0.16 2.49+0.15
Pfizer-01-01 — compound-01 0.07 -224+0.14 -2.78+0.12
Pfizer-01-01 — compound-03 0.46 -0.81+0.14 -3.08+0.16
Pfizer-01-01 — compound-02 -1.18 -1.92+0.14 -3.53+0.14
Pfizer-01-01 — Pfizer-01-04 1.65 3.18 +0.14 3.583+0.16
Pfizer-01-01 — Pfizer-01-05 216 3.86+0.14 4.61+0.22
Pfizer-01-01 — Pfizer-01-07 2.37 1.81+0.14 1.47+0.36
compound-02 — compound-03 1.64 1.59+0.12 -0.04 +0.07
Pfizer-01-05 — Pfizer-01-07 0.21 -1.09+0.13 -2.63 +0.40
Pfizer-01-04 — Pfizer-01-07 0.72 -022+0.12 -437+0.45
compound-02 — compound-01 1.25 056+0.12 1.01+0.13
compound-03 — compound-01 -0.38 047 +0.12 0.38+0.16
Pfizer-01-02 — compound-01 -0.19 -228+0.14 -2.35+0.08

Figure S5. Comparing SepTop and NES Orion results in the MALT1 system.

Non Equilibrium Switching Results: Pfizer-01-05 to Pfizer-01-07
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Figure S6. Nonequilibrium work values for the transformation between Pfizer-01-05 and Pfizer-01-07 in the MALT1
system. Forward work values are shown in red and work values from the reverse direction in blue. The distributions
of forward and reverse work values do not overlap well for this transformation.
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(N = 30) (N = 15)
RMSE : 1.02 [95%: 0.78, 1.39] RMSE : 1.78 [95%: 1.35, 2.30]
MUE : 0.77 [95%: 0.59, 1.08] MUE : 1.53 [95%: 1.08, 2.04]
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Figure S7. Correlation between calculated and experimental relative binding free energies for transformations in
the BACEL1 system. Shown are results from transformations run within the three ligand scaffold series (a) and across
different scaffolds (b). AAG values from transformations between ligands within the same scaffold (RMSE=1.02)
correlate better with experiment than transformations between ligands of different scaffolds (RMSE=1.78).

(N =5)

RMSE : 2.23 [95%: 1.77, 2.80]
MUE : 2.18 [95%: 1.71, 2.72]
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Figure S8. Correlation between calculated and experimental relative binding free energies for transformations
between the amide series and the biaryl series in the BACE1 system. For all five transformations the free energy
change was calculated to be more unfavorable as to compared to experiment.
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Table S1. Relative binding free energies in the ERa system using different input structures. All values are given in
kcal /mol. Predictions differed by over 3 kcal/mol depending on the input structure used in the calculations with the
most significant difference being in Edge 2d-2e where different input structures led to a difference of 3.7 keal/mol.

] | Edge 2d - 2e | Edge 2d - 3b | Edge 2e - 3b |

_ SepTop 0.0+£0.3 0.4+0.3 0.3+0.3
(input Spruce)
_SepTop ~1.8402 0.9+0.5 3.0+£0.4
(input Aux)
SepTop —3.740.3 —35+0.2 0.3+0.2
(input ATM) ’ ’ ’ ’ ’ ’
ATM! —2.34+0.4 —0.440.5 2.1+0.4
Aux? 1.34+0.4 29405
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Table S2. Ligand structures and experimental binding affinities® for the TYK2 system.

name 2D structure Exp. IC50
lig_ejm_42 . q 64 nM3
"
R
N .
5
lig_ejm_54 18 nM3
DYNH
N NH
| X
s
HN ;()
lig_ejm_55 H 170 nM3
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Table S3. Ligand structures and experimental binding affinities* for the ER« system.

name 2D structure Exp. IC50

2d 12.4 +/- 4.9 nM4
2e 3.3 +/- 2.4 nM4
3b 410 nM#
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Table S4. Ligand structures and experimental binding affinities for the MALT1 system.

name 2D structure Exp. IC50
2714550-01-1 (compound 1) 2714550-01-1 407.4587 nM
N/— i |
1832576-04-1 (compound 2) | 1832576-04-1 49.257 nM
%/‘ré/hl\\ﬂ/’h\cl/k
— .q/ o =N
1832577-09-9 (compound 3) | 1832577-09-9 778.82434 nM
a \*’“ﬁv’:'vixl/‘x I
\_.»-'k r:;"/ Sz

Pfizer-01-01 Prizer01-01 359.95273 nM

oo

—_ ( "\“ N
Pfizer-01-02 Pltme 2112 557.5762 nM
Pfizer-01-03 Prizer-01-03 863.8893 nM
r:/ ) e N
Pfizer-01-04 Pfizer-01-04 5810.657 nM
é‘h
¢
I“\" MNH
A
g

Pfizer-01-05 Plizer-01-05 13802.098 nM
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Pfizer-01-06 Pfizer-01-06 14603.069 nM
4% 1848
7
Pfizer-01-07 Pfizer-01-07 19565.105 nM
\‘N
I YT
Pfizer-01-08 Pfizer-01-08 >20000.0 nM
— .\‘/ N
Pfizer-01-09 Piizer-01-09 >20000.0 nM
H H
y N Xy ~
Pfizer-01-10 Pfizer-01-10 >20000.0 nM
i N
;“‘N 3 =
—<,,.5’ T
Pfizer-01-11 Pfizer-01-11 >20000.0 nM
@
L
PN
%, |
Pfizer-01-12 Piizer-01-12 >20000.0 nM
o'y
e s [s]
Pfizer-01-13 Pfizer01-13 >20000.0 nM

g
7 o ZN
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Table S5. Ligand structures and experimental binding affinities®® for the biaryl ligands in the BACE1 system.

name 2D structure Exp. IC50
lig_02 lig_02 240 nM3
lig_03 lig_03 269 nMé
lig_04 110 nM?
lig_05 1122 nM8
lig_06 148 nM7
lig_07 lig_07 2138 nM®
\-—/
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Table S6. Ligand structures and experimental binding affinities '° for the spirocyclic ligands in the BACE1 system.
lig_1a lig_1a 36830 nM10
H:N
/
lig_11 455 nM10
lig_13 94 nM10
lig_16 lig_16 7197 nM10
lig_32 lig_32 2363 nM10
lig_36 lig_36 10 nM10
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Table S7. Ligand structures and experimental binding affinities !’ ! for the amide ligands in the BACE1 system.

lig_41

lig_41 240 nM"

Pl o
J
o

lig_45

lig_45 . 48 nM™

lig_67

lig_67 18 nM12

lig_69

lig_69 20 nM12

lig_74

lig_74 2 nM13

lig_81

lig_81 11 nM13
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