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The Protein-Protein Docking 
Problem

Protein A Protein B

Generate the orientations so that 
a number of decoys (complexes) is formed.Generating

Reduce the number of decoys (i.e., search space)
 by some coarse grain method.Pruning

(edge scoring)

Assign score to each decoys

Rank the decoys based on score

Scoring

Ranking
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Decoy generation

The number of decoy generated increases with the density of rotation and 
translation
Their numbers could be from few thousands to more than 
hundred thousands
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Pruning Decoy Set
• The number of docking “poses” 

obtained are anywhere between few 
thousand to few hundred thousand 
depending on the density of the 
docking search.

• Most of the docking poses in the 
sampling search are non native 
models and only a few are native-
like.

• The number of decoys must be 
pruned to a manageable number on 
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Docking 
sampling

 and scoring
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Rule-based pruning of docking 
decoys

Rule: native-like decoys have largest or near largest 
interface area
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Rule-based pruning of docking 
decoys

http://pallab.serc.iisc.ernet.in/
prune

Dataset: 922 bound, and 79 unbound binary docking targets ( interface area: 193–7658 
Å2). Bound target set: 822 homodimeric and 100 heterodimeric X-ray crystal structures, 
Resolution: ≤2.5 Å and R-factor: ≤0.2. 
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Docking 
gains

Rotational Sampling Density Selection Rule:

If ((0.61  MWr  1.0) OR (MWr  0.6 AND MWr / ASAr < 0.75)) 
 {12  sampling}

Else  {9   sampling} 

MW = Molecular weight
ASA = Accessible surface area
r = Ratio

N = 
55

http://pallab.serc.iisc.ernet.in/
prune
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Docking gains 
benchmark

N = 
55 http://pallab.serc.iisc.ernet.in/

prune
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Estimating geometric compatibility 
at protein-protein interface

Method Pearson correlation coefficient 

Complex Monomer Control 
Interface area range (Å2) 

All ≤800 800< and ≤1500 >1500 
NIP NSc 0.95 0.79 0.85 0.91 0.88 0.96 

NIP GVI 0.40 0.18 -0.08 0.16 0.07 0.39 
NIP C-NSc 0.98 0.92 0.91 0.96 0.92 0.93 
NIP NGC† 0.66 0.70 0.32 0.40 0.83 0.75 
NSc GVI 0.45 0.29 0.05 0.27 0.16 0.46 
NSc C-NSc 0.95 0.75 0.81 0.93 0.83 0.90 
NSc NGC† 0.65 0.60 0.28 0.45 0.82 0.71 
GVI C-NSc 0.44 0.25 -0.01 0.26 0.13 0.50 
NGC† GVI 0.26 0.33 -0.12 0.01 0.27 0.33 
NGC† C-NSc 0.67 0.67 0.33 0.44 0.81 0.69 

 

Method Pearson correlation coefficient 
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NIP NSc 0.95 0.79 0.85 0.91 0.88 0.96 

NIP GVI 0.40 0.18 -0.08 0.16 0.07 0.39 
NIP C-NSc 0.98 0.92 0.91 0.96 0.92 0.93 
NIP NGC† 0.66 0.70 0.32 0.40 0.83 0.75 
NSc GVI 0.45 0.29 0.05 0.27 0.16 0.46 
NSc C-NSc 0.95 0.75 0.81 0.93 0.83 0.90 
NSc NGC† 0.65 0.60 0.28 0.45 0.82 0.71 
GVI C-NSc 0.44 0.25 -0.01 0.26 0.13 0.50 
NGC† GVI 0.26 0.33 -0.12 0.01 0.27 0.33 
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#binary complexes = 906
#monomers = 386
# control set = 100

GVI: Gap Volume Index (Laskowski, 1995)
NGC: Normalized Grid Correlation (Katchalski-katzir et al, 1992)
C-NSc: CCP4 Normalized Surface Complementarity (Lawrence & 
Colman, 1993)
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Designing New Measures for 
surface complementarity and 
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New efficient measures of surface 
complementarity and interface packing

Method Pearson correlation coefficient 

Complex Monomer Control 
Interface area range (Å2) 

All ≤800 800< and ≤1500 >1500 
NIP NSc 0.95 0.79 0.85 0.91 0.88 0.96 

NIP GVI 0.40 0.18 -0.08 0.16 0.07 0.39 
NIP C-NSc 0.98 0.92 0.91 0.96 0.92 0.93 
NIP NGC† 0.66 0.70 0.32 0.40 0.83 0.75 
NSc GVI 0.45 0.29 0.05 0.27 0.16 0.46 
NSc C-NSc 0.95 0.75 0.81 0.93 0.83 0.90 
NSc NGC† 0.65 0.60 0.28 0.45 0.82 0.71 
GVI C-NSc 0.44 0.25 -0.01 0.26 0.13 0.50 
NGC† GVI 0.26 0.33 -0.12 0.01 0.27 0.33 
NGC† C-NSc 0.67 0.67 0.33 0.44 0.81 0.69 

 

NIP: Normalized interface packing
NSc: Normalized surface 
complementarity

http://pallab.serc.iisc.ernet.in/nip
_nsc
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http://pallab.serc.iisc.ernet.in/nip
_nsc
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Ø  Interface area (IA)
Ø  Normalized interface packing (NIP)
Ø  Normalized surface complementarity (NSc)

Ø  Non-bonded energy (NE):

Ø  Solvation energy (SE):

Mitra & Pal, J. Comp. Chem 
(2010)

http://pallab.serc.iisc.ernet.in/p
robe
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Method design
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Predictive Docking – ranking decoys
Efficient docking using simple 
approach

http://pallab.serc.iisc.ernet.in/p
robe
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