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Introduction

G protein-coupled receptors (GPCRS) are a key therapeutic
target. Drug discovery can be significantly enhanced by the
precise computational assessment of the binding energies of
candidate molecules.

There are many challenges in applying rigorous free-energy
methods to GPCRSs, due to structural and energetic
complexities with contributions from the membrane, protein,
ligands, and solvent. Further, these large systems are often
associated with experimental uncertainties in structure
determination.

To address these issues, Cresset's CADD software Flare [1]
provides a comprehensive set of computational chemistry
tools that enable users to efficiently optimize and prioritize
new molecules. Using this single platform, we present a
systematic workflow to accurately compute the binding
energy of 30 ligands that bind between the lipid and GPCR
Interface in P2Y1.

Specifically, we apply molecular simulations, water analysis,
and ligand alignment to model structures, with the purpose of
reducing uncertainties from experimental structure analysis.
These models then serve as quality input for free-energy
simulations, which are performed in Flare FEP [1]. This
approach predicts affinities that are in excellent agreement
with experimental data.

We also applied these calculations on 2 other GPCRs: OX2
and A2A. The accurate resultant energies demonstrate that
Flare FEP provides a practical framework that can precisely
guide the development of GPCR drugs.
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Fig. 1: Flare FEP is used to calculate relative binding
free energies. Protein forcefield: Amber ff14SB. Small
molecule forcefield: OpenFF 2.0.0. Membrane system:

POPC bilayer. A window simulation length: 4ns.

Fig. 2: Crystal structure of P2Y1 with ligand BPTU
(PDB: 4XNV) in a lipid bilayer.

Fig. 3: (A) BPTU is a potent allosteric antagonist of
P2Y1 (K; =16 nM, AGy;;4ing = -11.2 kcal/mol). (B)
Common substructure with five R-positions where
modifications occur in the 30-ligand set.

Workflow to calculate affinities

Structure preparation

We apply Flare’s built-in functions to automatically prepare
the structure (PDB: 4XNV) for subsequent experiments, like
MD simulation and FEP calculations. Structure preparation
Includes defining the protonation and tautomer states,
adding missing hydrogens, modeling incomplete sidechains,
setting optimal sidechain orientations, and capping terminal
residues.

In Flare, users can further explore the structure by viewing
the electron density (Fig. 4A) or analyzing druggable pockets
(Fig. 4B).
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Fig. 4: (A) Analyzing electron density in Flare. (B)
Flare’'s pocket detection allows you to identify binding
pockets for small molecules.

MD simulation

We apply Flare’s MD environment to determine an
appropriate conformation that is used as input structure for
FEP. Simulation details:

« Built POPC lipid bilayer around protein-ligand complex
« Used explicit TIP3P water

* Protein forcefield: Amber ff14SB

« Small molecule forcefield: OpenFF 2.0.0

« Simulation length: 20ns

To identify conformations that correspond to a stable binding
pose, we analyzed the dynamics using multiple metrices,
including RMSD and ligand-protein contact frequencies.

From this analysis, an appropriate conformation was then
chosen for subsequent water analysis, and ligand-alignment
of the remaining 29 compounds.

Water analysis with 3D-RISM

Water plays a critical role in protein-ligand binding. To
explore water positions and energetics in/around the binding
site, we applied 3D-RISM In Flare (Fig. 5). 3D-RISM allows
us to add critical binding-site water molecules that may not
be reported by crystallographic data.
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Fig. 5: 3D-RISM In Flare was used to identify critical
binding-site water molecules.

Ligand alignment

Proper alignment determines the optimal FEP perturbation
map, which is important for FEP accuracy. Here, we used
Flare's patented alignment method (Fig. 6) to align the 30
ligands of the P2Y1 dataset.
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Fig. 6: To prepare for FEP, the ligands were aligned
based on their maximum common substructure.

FEP calculations and results
Flare FEP benchmarking

Benchmarking was performed for two perturbation maps: 1)
out-of-the-box settings with auto-generated intermediates
(Fig. 7A). And 2) same map as in (1) with manually added
Intermediates (Fig. 7B).
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Fig. 7: (A) FEP perturbation map generated using out-
of-the box settings. (B) Same map with two manually

Approach
FEP+ (Ross et al [2])
Dickson et al [3]

Flare FEP
(out-of-the-box)

Flare FEP
(with manual
intermediates)

added intermediate molecules.
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Tab. 1. Comparison of FEP benchmark results.

3 GPCR benchmarks

Target Approach

Ross et al [2],

[4]
A2A

Flare FEP
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Tab. 2: Benchmark comparison for A2A, OX2, and

Conclusions

* Flare is a comprehensive CADD workbench that allows
you to prepare and model quality input structures for FEP.

* Flare FEP predicts affinities that are consistent with
experimental data. Our results are also in line with or
better than other FEP studies.

* This workflow may be extended to calculate binding
energies for other classes of membrane proteins.
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