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INTRODUCTION
One of the principal difficulties in computational macromolecular docking is in devising 
a reliable energy-based scoring function with which to evaluate trial docking 
orientations. Certainly, shape complementarity is very effective as an initial filter, but we 
believe it is vital to incorporate chemical interactions in the scoring scheme if we are to 
distinguish the “true” complex from the many false-positives generated by a docking 
search. However, there is no direct way to infer which of the several types of 
intermolecular interactions (electrostatics, hydrogen bonding, desolvation, salt bridges, 
dispersion forces, etc.) provide the driving force for binding in any particular case. 
Hence, we are investigating the use of Principal Component Analysis (PCA) of 
Molecular Interaction Fields (MIFs) to help select the most significant types of chemical 
interaction for each particular docking problem, in order to devise a more sensitive and 
selective scoring scheme for our Fourier-based docking correlation algorithm (Hex) [1].

PRINCIPAL COMPONENT ANALYSIS
PCA is a standard chemoinformatics tool to extract information from very large data 
sets. PCA is commonly used in 3D-QSAR small-molecule drug design studies [3], and it 
has also been used to map receptor-ligand binding sites [4]. However, until now, PCA 
has never been used to help guide docking calculations for pairs of macromolecules. In 
our approach, the fundamental aim of performing a PCA on the MIFs is to identify those 
probes which are most responsible for the variance in the potential energy distribution. 
We expect that the probes which contribute most to the variance in the energy maps will 
be the ones which are most likely to be the most selective indicators of complementarity 
for the system under consideration.

CALCULATING PROBE POTENTIALS
We are using the GRID program [2] to generate 3D potential energy maps for several 
types of probe  atom placed in a grid about the surfaces of the molecules to be docked. 
The figures below illustrate this approach with the subtilisin inhibitor 3SSI:

INTERPRETING PCA PLOTS
In a PCA, the original matrix of probe potentials is decomposed in two smaller matrices 
of “loadings” and “scores”, respectively. The loadings measure the weight of the 
original variables in the analysis, and the scores give a simplified picture of the objects 
(the probes in our case) in terms of a small number of new uncorrelated variables (the 
Principal Components, or PCs). Plotting the scores for the objects against the PCs allows 
those objects (or clusters of objects) that explain most of the variance to be identified. 
The plots below show the distribution of six probes (C sp3, NH amide, N+ sp3, carbonyl 
O, carboxyl O- and DRY)  in the first two components of the chemometric space for 
subtilisin (1SUP) and its natural inhibitor (3SSI). 

DOCKING USING PROBE POTENTIALS

CONCLUSIONS
We have presented some early work on developing a new chemoinformatics-based 
method of constructing an enhanced scoring scheme for macromolecular docking. This 
novel approach uses PCA to select rationally the most significant types of chemical 
interactions for the particular case under study. Although this work is still at a very early 
stage, we will soon be able to perform all-atom pairwise interaction energy calculations 
entirely using our fast spherical polar Fourier transform approach. We expect to see a 
significant improvement in accuracy when specific probe-protein atom correlations are 
used, and when unfavourable chemical interactions are penalised.  Nonetheless, the  
work presented here shows that this new approach is computationally feasible, and that 
initial results are promising. Our aim is to develop this methodology further to provide a 
more accurate and reliable computational approach to docking large biomolecules.

Due to CPU and memory limitations, it would be impractical to use all possible potential 
energy maps during a docking calculation. Hence, we are using PCA to select the most 
relevant and significant  types of probes to guide the docking search for each specific 
case under study.

A 3D grid of probes placed around 3SSI Surface probe positions (red: proton donors; 
blue: proton acceptors; green: hydrophobic)

The figure to the right 
shows the N+ (blue) 
and O- (red) probe 
hotspots on the ligand 
(3SSI) and receptor 
(1SUP) SAS surfaces, 
respectively, in the 
binding orientation of 
the complex (slightly 
exploded). Surfaces for 
other probe types may 
be realised similarly. 
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We currently calculate the total protein-protein interaction energy as: 

where EShape represents the original Hex shape complementarity score [1], and A and B 
represent 3D shape density functions of proteins A and B, respectively. It should be 
noted that this expression does not specifically favour complementary pairings of 
individual atom types, or penalise unfavourable pairings. However, by construction, it 
will have a deep minimum when the proteins are contraposed in the binding orientation.
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We have tested our new approach by attempting to dock  the unbound  components of 
the complex between streptomyces subtilisin (PDB code 1SUP) and its natural inhibitor 
(3SSI). This system provides a challenging test because it is known to be a difficult case 
using current techniques. The results obtained so far are encouraging: our new scoring 
function is already able to retrieve good solutions.

FOURIER TRANSFORMS OF PROBE POTENTIALS
For any given probe type, we can transform 
the PCA-selected probe potentials into smooth 
continuous functions for docking within Hex. 
For example, by treating the N+ probe 
positions for protein A as “point potentials”, 
we can apply a spherical polar Fourier 
transform (SPFT) on the probe data  to obtain 
a parametric potential function, (x). In the 
above equation, Ei  is the probe’ s potential at 
position xi, and (x) is the 3D Dirac delta 
function. We can verify the calculation by 
back-calculating the potential from the 
Fourier representation, as illustrated to the 
right for the N+ potential on the solvent-
accessible surface (SAS) of 3SSI. Blue surface 
patches correspond to favourable  N+ probe-
protein interactions.

RESULTS

Explained variance
PC1: 69.3%;  PC2: 21.5%

Explained variance
PC1: 74.3%; PC2: 16.0%
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We compared our new probe-based 
docking function (using all three PCA-
selected probes) with shape and 
electrostatic  correlations in Hex  4.0. 
The chart on the right shows the ranks 
obtained from different combinations 
of scoring schemes when the docking 
search was restricted to the binding 
surfaces (lower rank is better). These 
results show that our grid-probe based 
approach can improve the rank of 
orientations that resemble the complex. 
We find the rank-enhancement is less 
marked when searching over the entire 
ligand surface, but it remains  superior 
to  our former electrostatic correlation.


