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The computational prediction of ligand entry and egress
paths in proteins has become an emerging topic in com-
putational biology due to the potential for estimating
kinetic properties of drug binding. These properties are
related to important pharmacological quantities such as
the kon and koff rate of drugs [1,2].We have investigated
the influence of protein flexibility on tunnel prediction
using geometric methods by comparing tunnels identified
in static structures with those found in structural ensem-
bles of three CYP isozymes. We found drastic differences
between tunnels predicted in the crystal structures as
opposed to those predicted in the ensembles [3]. Further-
more, we found significant differences between tunnels
identified in the apo versus the holo protein ensembles [3].
While geometric prediction provides a good starting

point for tunnel prediction, in order to estimate kinetic
properties, more detailed investigations of the ligand bind-
ing process are required. We have developed a tunnel pre-
diction methodology, IterTunnel, which predicts tunnels
in proteins and estimates the free energy of ligand unbind-
ing using a combination of geometric tunnel prediction
with steered molecular dynamics and umbrella sampling
[4]. Applying this new method to cytochrome P450 2B6
(CYP2B6), we demonstrate that the ligand itself plays an
important role in reshaping tunnels as it traverses through
a protein. This process results in the exposure of new tun-
nels and the closure of pre-existing tunnels as the ligand
migrates from the active site. We found that many of the
tunnels that are exposed due to ligand-induced conforma-
tional changes are amongst the most energetically favor-
able tunnels for ligand egress in CYP2B6 [4].

Published: 11 March 2014

References
1. Colizzi F, Perozzo R, Scapozza L, Recanatini M, Cavalli A: Molecule Pulling

Simulations Can Discern Active from Inactive Enzyme Inhibitors. J Am
Chem Soc 2010, 132:7361-7371.

2. Jorgensen WL: Drug discovery: Pulled from a protein’s embrace. Nature
2010, 466:42-43.

3. Kingsley LJ, Lill MA: The Influence of Protein Flexibility on Geometric
Tunnel Prediction in Cytochrome P450 Enzymes., Submitted.

4. Kingsley LJ, Lill MA: Including Protein Flexibility Induced by Ligand
Migration into Protein Tunnel Prediction., In preparation.

doi:10.1186/1758-2946-6-S1-P62
Cite this article as: Kingsley and Lill: IterTunnel; a method for predicting
and evaluating ligand EgressTunnels in proteins with buried active
sites. Journal of Cheminformatics 2014 6(Suppl 1):P62.

Open access provides opportunities to our 
colleagues in other parts of the globe, by allowing 

anyone to view the content free of charge.

Publish with ChemistryCentral and every
scientist can read your work free of charge

W. Jeffery Hurst, The Hershey Company.

available free of charge to the entire scientific community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours     you keep the copyright

Submit your manuscript here:
http://www.chemistrycentral.com/manuscript/Department of Medicinal Chemistry and Molecular Pharmacology, Purdue

University, West Lafayette, IN, 47906, USA

Kingsley and Lill Journal of Cheminformatics 2014, 6(Suppl 1):P62
http://www.jcheminf.com/content/6/S1/P62

© 2014 Kingsley and Lill; licensee Chemistry Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://www.ncbi.nlm.nih.gov/pubmed/20462212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20462212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20596009?dopt=Abstract
http://creativecommons.org/licenses/by/2.0
http://creativecommons.org/publicdomain/zero/1.0/

	References

