
Getting Docking into Shape Using Negative Image-Based Rescoring
Sami T. Kurkinen,† Sakari La�tti,† Olli T. Pentika�inen,†,‡ and Pekka A. Postila*,§

†Institute of Biomedicine, Kiinamyllynkatu 10, Integrative Physiology and Pharmacy, University of Turku, FI-20520 Turku, Finland
‡Aurlide Ltd., FI-21420 Lieto, Finland
§Department of Biological and Environmental Science, University of Jyvaskyla, P.O. Box 35, FI-40014 Jyvaskyla, Finland

*S Supporting Information

ABSTRACT: The failure of default scoring functions to ensure virtual screening enrichment is a persistent problem for the
molecular docking algorithms used in structure-based drug discovery. To remedy this problem, elaborate rescoring and
postprocessing schemes have been developed with a varying degree of success, speci�city, and cost. The negative image-based
rescoring (R-NiB) has been shown to improve the �exible docking performance markedly with a variety of drug targets. The
yield improvement is achieved by comparing the alternative docking poses against the negative image of the target protein’s
ligand-binding cavity. In other words, the shape and electrostatics of the binding pocket is directly used in the similarity
comparison to rank the explicit docking poses. Here, the PANTHER/ShaEP-based R-NiB methodology is tested with six
popular docking softwares, including GLIDE, PLANTS, GOLD, DOCK, AUTODOCK, and AUTODOCK VINA, using �ve
validated benchmark sets. Overall, the results indicate that R-NiB outperforms the default docking scoring consistently and
inexpensively, demonstrating that the methodology is ready for wide-scale virtual screening usage.

1. INTRODUCTION
Structure-based drug discovery is increasingly turning toward in
silico methods such as molecular docking for expediency and
cost e�ciency.1�5 Docking aims to predict accurately both the
bioactive binding pose and the a�nity of a ligand forming the
complex with its receptor. Docking sampling, generating
alternative ligand binding poses against the receptor’s binding
site, is performed using incremental construction, matching
algorithms, or stochastic methods such as Monte Carlo and
genetic algorithms. Docking scoring, which is roughly divided
into force-�eld-based, empirical, or knowledge-based methods,
ranks the generated ligand�receptor complexes. Depending on
the scoring method, noncovalent bonding interactions and also
hydrogen bonding (H-bonding), hydrophobic e�ect, and even
binding entropy can be summed for the �nal score.1,2,5,6

Docking sampling treats either only the ligand �exibly or both
the ligand and the receptor adjust reciprocally. As the number of
degrees of freedom increases, also the computational costs of
docking simulations increase. Although popular these days, it is
debatable if either the �exible or induced-�t docking are suitable
for high-throughput virtual screening as opposed to much lighter
rigid docking simulations.2,6 A robust metric for assessing

sampling is to compare the predicted poses against the
experimentally veri�ed poses.7�11 However, for example, X-ray
crystal structures are only snapshots of the dynamic recognition
process, and thus, both the ligand and the receptor can have
alternative reciprocal conformations.12,13 Even so, the docking
generally samples the “correct” poses excellently or at least
reasonably well.1,5,14,15

Despite its potential, docking has disadvantages that must be
acknowledged. First, the ability of the algorithms to separate
active ligands from the inactive ones is highly dependent on the
target protein or its conformation.13,16 Second, even if the right
conformer is sampled, it is frequently given too low a
score.14,17,18 Third, the success is dependent also on the
software and/or applied settings, and unfortunately, without
veri�cation, it is di�cult to make the needed adjustments.9,19,20

Even when relying on benchmarking, the enrichment metrics
such as the area under the curve (AUC) might give too rosy a
picture because the early enrichment could remain too low for
e�ective drug discovery.21�23
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