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Introduction

In this study, a Relative Binding Free Energy
(RBFE) calculation is presented, including a set of
28 compounds? that bind to HPK1, a
serine/threonine kinase that is a member of the
STE20 family. HPK1 is a target of interest for
cancer and infectious disease treatment as it
negatively regulates the activation signal of the T
cell antigen receptor, with its kinase activity being
critical for this role.

It has been determined that activation segment of
the HPK1 kinase domain (HPK1-KD) in solution
Involves an equilibrium between monomeric and
dimeric species with the dimer alternating between
active/inactive states through domain-swapped
conformations.?

As a result of this protein flexibility, careful
preparation for both the receptor and the ligands is
essential to obtain accurate predictions from a Free
Energy Perturbation (FEP) calculation. Using
various tools within Flare, a thorough workflow is
designed to select and prepare the receptor,
generate tight alignments of the ligand congeneric
series, and to create the subsequent connectivity
map used Iin the subsequent FEP calculations.
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Figure 1. Flare FEP graphical interface, including
some of the tools used in the analysis and
troubleshooting of FEP results (e.g., torsion plots,
convergence plot, and overlap matrix).

Methods

The CADD platform, Flare, was used in every step,
Including protein and ligand preparation, water
analysis, molecular dynamics, ligand alignment and
FEP calculations.

Receptor Preparation

« Pocket analysis and 3D-RISM were used to
appraise solvent accessibility and generate
missing information regarding solvation of the
binding site, using existing experimental data to
corroborate and validate the predictions

Molecular Dynamics Simulations

e 200 ns production runs: 7MOK, 7MOL, 7MOM.

* Protein forcefield: Amber ff14SB

« Small molecule forcefield: OpenFF 2.2.0

 Charge method: AM1-BCC

« Water model: TIP3P, applying a Grand
Canonical Nonequilibrium Candidate Monte
Carlo protocol during equilibration (GCNCMC)

Ligand Alignment

* Method: the congeneric series of ligands were
aligned using Maximum Common Substructure
(MCS)

* Reference: co-crystallized compounds in first
round, and some of the top scored results in
second round

« Refinement: Electrostatic Complementarity (EC)
and Field Points information

Flare FEP

« Parameters: same used for molecular dynamics
during preparation

« Simulation length for each A window: initial was
4 ns, increased up to 15 ns for links requiring
more sampling

* Poor phase-space overlap had additional A
windows calculated above the number defined
by the adaptive A schedule (minimum = 9).

Results

Receptor Preparation

The 27 protein structures reported to date revealed a high
conformational plasticity for HPK1-KD, involving the activation loop
(A-loop) where the DFG motif from the catalytic domain is located.

This heterogeneity is reflected in the three PDB structures
containing the co-crystal references used. Results from pocket
analysis and water analysis using 3D-RISM indicated that an
appropriate description of the water networks at the active site was
essential.
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Figure 2. A) Ribbon representation of HPK1 (PDB 7MOK), including
Inset with zoom into the active site of chain A (chain B in cyan and
A-loop from chain A in red), showing the relative position of D155

and F156 from the DFG motif (compound #1 In green sticks).
B-D) 2D representation of co-crystallized compounds in 7MOK,
/MOM and 7MOM (compounds #1, #6 and #27, respectively).

Molecular Dynamics (MD) Simulations

Complex conformational stability was assessed using Dynamics
module in Flare. During protein preparation it was concluded that
solvation of the binding site might be critical to obtain good
predictions. Thus, a GCNCMC protocol during the equilibration step
was employed during MDs to improve sampling of water molecules
at the active site. A thorough examination combining Flare’s MD
analysis tools in the GUI and pyflare (built-in python environment)
was conducted. After careful examination of RMSD and Principal
Component Analysis (PCA) results, the structure corresponding to
PDB 7MOK was selected for the FEP simulation. Analysis of PCA
plots in panels Ato C from Figure 3 revealed that MD simulation of
/MOK presented a narrower conformational sampling, and closer to
the starting conformation.

Conclusions

« A careful preparation of the receptor Is crucial
for the project success, providing insightful
iInformation functional when defining
subsequent steps in the workflow.

« Good alignments are essential to achieve
good free energy predictions, and Flare
analysis tools are powerful allies in the
refinement of this process.

* The conformational plasticity of HPK1
presented a big challenge, and Flare FEP was
able to produce a reliable Benchmark run,
providing a solid basis in further predictions for
new designs.
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Benchmarking with Flare FEP

e Same settings as in preceding MD runs
(including GCNCMC)

 Mean unsigned error (MUE) < 1 kcal/mol

« 3 intermediates were required

* Low link hysteresis overall

« High precision prediction

« 22 ligands within ~1 kcal/mol

Cluster:  All  ~  Units:  AG (kecal/mol)
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Fredicted AG (kcal /maol)

Precision = 0,95

r* = 0.54 (90%CI 0.24-0.77)

~ MUE = 0.91 (90%CI 0.72-1.12)

Tau = 0.46 (90%CI1 0.26-0.67)

FP linkwise RMSD = 1.31 (90%CI 1,15-1.47)
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Figure 3. A-C) PCA plots obtained including all heavy atoms from
active site lateral chains. The simulation length (ns) can be followed
using the color-coded bar. D) Superposition of 5 centroids obtained

from clustering analysis applied to active site residues in 7MOK
trajectory.

Ligand Alignment

A reference conformation from 7MOK trajectory was selected by
applying a clustering analysis to binding-site protein residues
(Figure 3D). After MCS alignment of the congeneric ligand series to
the reference (compound #1), EC was used for some of the ligands
to select the preferred orientation of the R-group introduced (Figure
4), aiding the decision on the best starting point for the subsequent
FEP runs. For other ligands, information provided by the Field
Points was employed to inspect the poses during the final
refinement (Figure 5).
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Figure 4. Different orientations of the carbamate group have a
large impact on the EC.
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Figure 6. A) Activity plot for the 28 ligands in the
dataset. B) Connectivity map including all
transformations. C) 3D view of 28 ligands in the
dataset, focused on the moiety where substitutions
are taking place.
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Figure 5. Superposition of protein’s electrostatic
molecular Interaction Potential Surfaces (IPS) with
small molecule Field Points (FP) for different
orientations of the sulfonamide group.
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