Figure 4.20: Benchmarks of GeauxDock against the CCDC/Astex dataset. Three mea-
sures are included, a pure computational performance, the performance divided by the
energy consumption, and the performance divided by the hardware cost. Measurements
for different platforms are normalized by the performance of Core i7-2600 CPU.

Figure 4.21: Examples of docking calculations using GeauxDock. Three cases are pre-
sented, a peptide ligand and C-src tyrosine kinase (PDB-ID: 1a07, black), glutathione
and glutathione S-transferase (PDB-ID: laqw, green), as well as LY178550 and human
-thrombin (PDB-ID: 1d4p, red). (A) Solid lines show the pseudo-energy plotted as a func-
tion of the accepted Metropolis Monte Carlo (MMC) step; a trajectory of the RMSD is
plotted for 1a07 (dashed black line). (B) Scatter plot of the RMSD and pseudo-energy for
1a07.
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Figure 4.22: Docking accuracy of AutoDock Vina and GeauxDock on the PDBbind dataset.
The performance is assessed by ligand heavy-atom RMSD calculated against experimental
binding poses. A horizontal line inside each box is the median, boxes end at the first and
the last quartile, and the whiskers span the distribution range of 10-90%. Two boxes on
the left correspond to the self-docking experiment, whereas two boxes on the right are
calculated for docking benchmarks against homology models.
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Chapter 5
SUMMARY

Molecular docking is a promising technique that can make use of the vast amount of
experimental data in structural biology for the purpose of rational drug design. This thesis
summons up my original research work on several aspects in this field.

I developed the Contact Mode Score, a metric that quantifies the conformational sim-
ilarity of protein-ligand complexes based on intermolecular contacts. Compared with the
traditional root-mean-square deviation, its advantages include mitigating the dependence
on the ligand size and taking into account the protein environment. I further developed
the eXtended Contact Mode Score that capitalizes on the conservation of ligand binding
across structurally similar pocket occupied by chemically similar ligands. It can be applied
to evaluate predicted structures from molecular docking, where a retrospective assessment
cannot be performed because the experimental structures of the majority of complexes are
unavailable. The eXtended Contact Mode Score sets a typical example of using the readily
available template data in structural biology.

I developed GeauxDock docking engine, a molecular docking approach featuring a
novel descriptor-based scoring function and a mixed-resolution description of protein-ligand
complexes. Benchmarks demonstrate that GeauxDock is capable of recognizing native-like
binding modes with the area under ROC of 0.85. The scoring function of GeauxDock
incorporates two distinct types of energy terms, physics- and evolution-based. The latter
are derived from evolutionary related complex structures, and their strength depends on
the level of homology between the target and template systems. In that regard, this new
approach is able to take advantage of the increasingly accumulating protein structural data.

Through collaboration, the GeauxDock docking engine was implemented onto modern
parallel computing architectures. The program supports multi-core CPU, as well as Xeon

Phi and GPU accelerators. High parallel efficiency has been achieved that 95% of the
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computing time is spent on executing the Monte Carlo kernels. In addition to the evaluation
of a purely computational performance, we also examined the energy consumption and
hardware costs. In conclusion, heterogeneous computing platforms, especially the ones
equipped with the latest GPU cards, provide significant advantages over traditional CPU-

based systems in processing large scale molecular docking simulations.
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credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
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LETTER OF PERMISSION B

The next few pages is a copy of the letter of permission to use the published article titled
“GeauxDock: A novel approach for mixedresolution ligand docking using a descriptorbased
force field” in this Chapter 3.
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e Any fee required for this permission shall be non-refundable after thirty (30) days
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The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
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license permits commercial and non-

Creative Commons Attribution Non-Commercial License
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