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Improving Protein-Ligand Modeling into Cryo-EM Data and the use of those Models in Drug Discovery
Efforts Producing an accurate atomic model of protein-ligand interactions from the data generated by cryo-
electron microscopy is often a challenging problem due to a combination of the noise in the experiment and
the dynamic nature of protein-ligand binding. In order to address this problem we have developed ways to
combine established computational modeling techniques with EM map potentials to create more accurate and
more validated structural models of protein ligand binding.Here we report on the incorporation of the OPLS3e
force field with the VSGB2.1 implicit solvation model into the popular Phenix package for real and reciprocal
space model refinement. Our results show significantly improved structure quality at lower resolution for X-
ray refinement with reduced ligand strain, while showing only a slight increase in Rfree. For real space
refinement of cryo-EM based structures, we find comparable quality structures, goodness-of-fit and reduced
ligand strain. We will also present modifications to our Glide ligand docking software to allow it to place
ligands into unmodeled density which can then be refined by Phenix. The pipeline is validated with a
combination of retrospective results and application of the protocol to drug discovery efforts. Once such effort
we will present is a blinded gene-to-drug pipeline in the context of a strategic collaboration between
Schrodinger Inc and ThermoFisher Scientific. GeneArt® Gene-to-Proteins was used to create highly pure
native protein with a concentration of 5mg/ml. The Thermo Scientific iISPA Workflow was used to solve
protein ligand complex structures to a resolution of 2.6A. Finally the Schrédinger Drug Discovery Platform
used these structures to to create a validated structure-based model of the binding affinity of congeneric ligands
capable of correctly separating strong binders ( < 100nM), intermediate binders ( 100nM-1uM) and weak
binders ( < 1uM) with 73% accuracy from a set of 62 previously patented ligands. The entire workflow from
a gene to a validated affinity model that was guiding synthesis decisions was completed in a few months.
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Figure 1. Detail of 4 representative residues showing the coulombic potential reconstructed from the EM data
collection and the fitted model. As can be seen, the data was sufficient to ascertain the position of most
sidechains.
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Figure 2. FEP+ predicted vs measured affinity for a series of 62 previously patented congeneric ligands enabled
by a cryo-EM structure of the target protein solved for this effort in complex with a member of the congeneric
set.
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