• Involves sampling and scoring.

• 6 degrees of freedom.

• Docking remains as a challenging problem. • Conventional approaches digitise proteins into 3D Cartesian grids...

• ...and use FFTs to calculated TRANSLATIONAL correlations:

BUT for docking, have to REPEAT for many rotations.
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• Atomistic or "coarse-grained" (CG) representations.

• Monte-Carlo or gradient-based techniques to search local energy minima.
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• The space 3D Euler angle rotations represented by a quaternion "π-ball".

• Used previously for shape registration.

• Never used before for docking. • First walk to identify spaces that lead to clash.

• Second walk to compute energies.

No Clash

Clash

• On average 94% of the π-ball search space is pruned • Only 6% of orientations are used to compute energies.
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Comparing EROS-DOCK With ATTRACT and ZDOCK

• 173 Docking Benchmark 4 target complexes.

• EROS-MIN uses ATTRACT minimizations for a fair comparison.

EROS-DOCK

• All pairwise solutions.

• Combinatorial problem.

• Fast RMSD computational methods. 

•

  Hartley, Richard I., and Fredrik Kahl. "Global optimization through rotation space search." International Journal of Computer Vision 82.1 (2009): 64-79. Zacharias, Martin. "Proteinprotein docking with a reduced protein model accounting for sidechain flexibility." Protein Science 12.6 (2003): 1271-1282. Repeat for each pair... • Ready to look for "clash rotations"... EROS-DOCK • Build a list of all possible "clash cone angles". • Repeat for each pair ... If |R a -L b | > σ ab then a and b will never clash, else a and b will clash.

EROS-DOCK

If ω > β ab + ∆ s s will never clash, else s will clash. Using the Quaternion π-Ball

• Series of sample rotations dividing the π-ball into 8 cubes.

• The sample rotations represented as nodes in a 3D "search tree" data structure.

• Angular resolution 7.5 degrees.