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INTRODUCTIONINTRODUCTION

In order to systematically develop a more successful predictive 
scoring function for protein-protein docking we have undertaken 
analysis of 2038, 3Å or better resolved nonredundant (<25% 
sequence identity) protein dimmer complex structures available in 
protein databank. We have identified interactively packed residues 
on the surface of each protein of the complex and computed a 
matrix of interactively packed amino acid pairs in the form of 20x20 
data matrix. Similarly, to use as random model we have computed 
amino acids pairs of single domain proteins by assuming random 
complexes between them. We have used these two matrices  to 
generate an amino acid interacting pair-potential matrix which we 
plan to use as one of the parameters in our proposed predictive 
scoring function.

• Though there are 20 amino acids that code for proteins because 
of their differences in physicochemical properties some of them 
prefer to be present on the surface of the protein and others in
the interior of protein core.

• Depending on the physicochemical properties certain amino 
acids on the receptor protein surface can interactively pack with 
a complementary amino acid present on the surface of ligand 
protein and vise versa.

• The green shaded values in Table I gives count of pairs of such 
interactively packed amino acids in the selected data set of 
protein complexes and the pink shaded value is count of pairs of
amino acids on the surface of hypothetical complexes of random 
protein pair which represent noise level and used as random 
model to compute Table II.

• As can be seen from Table I, on average, each pair of amino 
acid is occurring about 231 times in the database. However, 
there are several pairs whose occurrence is significantly higher
or lower than the average, reflecting their (i) general composition 
in the proteins, (ii) their preference to be present on the surface 
region and (iii) their presence as potential interacting partners on 
the surface.

• The amino acids C, H, I, L, M, F, W, Y, V presence on the 
surface of protein will increase its probability of interaction with 
other proteins. The amino acids E, D, Q, N presence on the 
surface regions decrease probability of its interaction with other 
proteins. However, the Table II gives over all pair potentials of 
interacting pairs of all the combinations of amino acid pairs.

MATERIALS AND METHODS
• 2038 protein nonredundent (< 25% sequence identity)

dimer complex structures resolved at 3Å or better 
were taken from the protein databank (PDB) and the 
files were separated into Receptor and Ligand pdb 
files.

• Identified residues involved in interactive packing with 
at least 10% of the accessible surface area of contact 
using the PSA (Protein Solvent Accessibility) 
Program. 

• Identified  pairs of closest interacting residues 
between receptor and ligand  by calculating the 
distance between the Cα coordinates and taking 
minimum distance between amino acids as the 
closest contact residues.

• Generated a  20x20 data matrix  of total pair counts 
(Pij) in all the complexes (shaded green in Table I).

• Used PSA on non-redundant single chain soluble 
proteins structures and identified surface residues 
with at least 10% accessible surface area.

• Computed the pairs of surface amino acids from the 
randomly generated complexes among all these 
proteins as a random model and generated a  20x20 
data matrix  of amino acid pairs similar to Table I.

• The random AA pair matrix was normalized to reflect 
same number of interacting pair counts as in real 
complexes (Qij) (shaded pink in Table I) and 
generated an amino acid interacting pair-potential 
(PPij) matrix (Table II) which can be used as one of 
the parameters in our proposed predictive scoring 
function.

• The amino acid pair potentials are calculated as 
follows:

PPij = 10 log(Pij / Qij)

Biological function of gene products such as proteins mediated 
through interactions they make with one another. In humans, the 
larger number of proteins is expected to engage in hundreds of 
thousands of interactions, many of which involve large 
assemblies and play key roles in cellular function and disease. 
Such assemblies are, however, still rather poorly represented in
the Protein Data Bank (PDB). Computational procedures 
capable of reliably generating structural models of multi-protein 
assemblies starting from the atomic coordinates of individual 
components, the so-called “docking” methods, should therefore 
play important role in bridging the gap. The 3D structures of 
protein complexes are pivotal for a full understanding of the 
mechanism of interactions because they provide specific 
interaction details at the atomic level. Such details are important 
for rational design of drug molecules to modulate protein 
interactions.

In molecular docking, transient complex structures are predicted
by docking one monomeric structure on to the other. The 
docking consists of two major steps: generating multiple docking
conformations and scoring to recognize the near native complex 
structure. To predict the interface regions one needs to know 
what distinguishes an interface region from the rest of the 
protein. Several attempts have been made using surface residue 
energy distributions, residue conservation and propensity 
information and salvation energies etc. However none of these 
calculations have given any successful results in rightly 
predicting the complex structures.

• Our immediate planes are to characterize all the 
known interacting surfaces using the amino acid 
pair potentials in Table II to check how each of 
these score and helps us to set a cutoff scoring 
value for prediction of best interacting surface 
partners.

• Our next goal is to apply these pair potentials on 
the  docked complex structures to score all the 
interacting surface and select the high scoring 
docked structure.

• We also plane to generate pair potential matrices 
using 2,3 and 4 near neighbor interactively packed 
residues and compare all the matrices to select 
best scoring matrix.

• We further plan to generate such statistical pair 
potential matrices for various combinations of 
atomic pairs to use as another variable in the 
scoring function.   
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