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INTRODUCTION

Proteins are intrinsically dynamic entities and simulating
their conformational flexibility poses significant
challenges to docking algorithms1. A widely used
approach to address this issue has been normal mode
analysis (NMA) that enables small amplitude motions of
atoms to be expressed as a linear combination of the
normal mode eigenvectors2. Large scale conformational
changes are typically associated with the low frequency
eigenmodes, while localized motions are observed at the
higher end of the eigenspectrum.

The calculation of the normal modes/frequencies starts
with the diagonalization of the Hessian matrix which is
calculated from either all-atom (AA) or coarse-grained
models (network of C- atoms). A number of methods
have been proposed that keep diagonalization times low
such as those based on rotations and translations of rigid
blocks3 (RTB) i.e. amino acid residues and internal
coordinates (IC) i.e. dihedral angle space4. However, their
utility in the context of protein-protein docking has not
yet been directly compared.

Here, we present a comparison of the ability of four NMA
based techniques (RTB, IC, coarse-grained C- and all
atom models) to improve the quality of rigid body docking
predictions.

METHODS

Starting with rigid body docking orientations output by
Hex5, each putative solution is perturbed by stepping
along the normal mode eigenvectors (top 20 nontrivial
modes) calculated for the whole complex using a particle
swarms (PSO) based approach6. The perturbed solutions
are then scored and ranked using the decoys as reference
state (DARS) potential7. In order to evaluate the
performance of the approach, we report the mean of the
logarithm of the rank (MLR) of the first near-native
conformation i.e. a hit with less than 10Å ligand C-
RMSD between the bound and unbound structures. The
approach is applied to 63 complexes from version 2.0 of
the Protein Docking Benchmark8.

Figure 1. Schematic flowchart of the flexible docking process.
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Figure 2. Figure shows the mean percentage reduction in RMSD as a function of the
number of modes used. For example, using the essential dynamics (ED) approach,
sampling up to 20 eigenvectors reduces the unbound-bound C- deviation by about
20% in the all atom model and 12% in the C- model.

In order to explore the theoretical optimal performance of
NMA-based docking we first analysed the ability of each
NMA technique to reach the bound conformation from the
unbound structure. As the eigenvectors span the
conformational space of the protein, any 3D configuration
may be expressed as a linear combination of eigenvectors9.

RESULTS

To use NMA-based configurations during docking, we next calculate a maximal allowed
displacement (DRMS) along each eigenvector which may be explored by the PSO
sampling technique. Figure 3 (A-F) shows the performance of the NMA techniques with a
maximum displacement of DRMS=1.5Å, 3.0Å and 6.0Å. We compare our approach with
conventional docking (HEX), DARS based re-scoring of docking predictions (HEX_DARS)
and those based on the cross-docking of ensemble conformations (HEX_XDOCK)
generated using CONCOORD10. Several of the methods, notably internal coordinates (IC)
fail on a number of complexes. However, improved docking results are obtained for the
reduced set of complexes.

Figure 3. Plots A-F show the NMA based flexible refinement performance for both Cartesian and internal coordinate space.
Values in brackets indicate the number of complexes for which eigenvector calculations were successful. Here EV# represents
the number of non-trivial eigenvectors being sampled by the PSO algorithm.

CONCLUSIONS

We have presented a comparison of the ability of normal mode based techniques to
improve the quality of rigid body docking predictions. All NMA approaches give a good
improvement in docking results for enzyme-inhibitor complexes. However, it is not clear
what is the optimal number of eigenvectors to use. Nonetheless, our PSO algorithm
gives better results than conventional cross-docking of CONCOORD conformations.
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