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Goal:

« Given two protein structures,
predict how they form a complex

Applications:
» Quaternary structure prediction
* Protein interaction prediction
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Many biological processes are controlled by
protein-protein interactions
« Signal transduction
* Transport
* Cellular motion

Proteins are densely packed inside cell
* 20-30% of total volume inside cell

Representation of the approximate numbers, shapes and density of
packing of macromolecules inside a cell of Escherichia coli.
(Hllustration by David S Goodsell)
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Binding Site Analysis 9

Proteins sometimes
contact each other
in more than one
distinct patch

» One patch (46/70)

» Two patches (18/70)

* More patches (6/70)
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Binding Site Analysis

Protein interfaces tend to bury 1320 + 520 A2
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Binding Site Analysis

Some residues have higher propensity to be in site
TABLE IL Amino Acid Composition of Protein-Protein Interfaces
Number (a) Area (b Propensities (¢) 1o Gonta Foseca
Residue Interface Core. Rim Interface Core Rim Core. Rim etal. (dl Thomnton (e)
All 100.0 1000 99.9 999 1000 1000
Ala 39 40 38 28 27 31 —0.40 —026 —0.43 —017
Arg 64 59 70 101 99 013 011 013 027
Asn 59 54 64 57 6.4 —0.14 003 —0.12 012
Asp 66 54 8.0 a1 86 —0.46 —007 —0.31 -038
Cys. 35 47 21 17 13 100 062 76 043
Gln 37 a7 38 43 ~0.34 ~036 ~0.36 =011
Gl 81 75 87 48 —0.08 035 0.02 -007
His 34 44 23 38 24 084 023 0.64 041
lle 3.6 41 3.1 46 35 071 038 056 0.44
Leu 50 55 45 57 53 034 025 029 0.40
Lys 57 37 8.0 65 97 —0.82 —020 —057 —0.36
Met 20 26 14 32 20 113 051 0.98 0.66
Phe 35 51 17 41 11 101 —0.60 0.79 082
Pro 38 34 42 36 41 038 -022 —0.25 ~025
Trp 28 41 13 42 16 141 021 125 0.83
Tyr 68 81 4 94 53 122 050 104 066
Val 45 43 47 38 39 008 011 0.09 027
[Chakrabarti02 ‘j
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Some residues have higher propensity to be in site
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Protein-Protein Docking
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Bound docking:

Unbound docking:
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Residues in protein-protein interfaces are often
better conserved than others

Pradicted laminin position”
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Similar to protein-ligand docking
« Search of conformations
« Scoring of energetics
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Protein-Protein Docking

Main differences:

* Sites have ...
§ Large, flat surfaces
§ Conservation, maybe
§ Hydrophobic core

* Binding energetics are usually dominated by ...
§ Geometry
§ Hydrophobicity

* Protein flexibility is important
§ Side-chains
§ Backbone
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Protein-Protein Docking Pipeline

Experimental
information

Coordinates
of mol 2

Coordinates
of mol 1

Rigid body search

----------- -

List of possible complexes 1
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___________ |

Evaluate association energy 1
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Flexibility to refine 1

___________ ¥

List of complexes
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Rigid Docking

Electrostatic complementarity:

Charge in 1 = Q(i,j,k)

E= XX3 Q(ijk) x V(,m,n)

Potential outside 2 V(I,m,n)

[Lesk&Stemberg]
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Protein-Protein Docking

Programs:
« 3D-Dock
« HEX
« GRAMM
« PPD
« DOT
* BIGGER
« DOCK
« AutoDock
¢ FlexX
« Darwin
* ZDOCK
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Shape complementarity:

overlap
+1 x-15
—
\\ match
+1 x+1
A(i,j;k) B(l,m,n)
Cc= ZEZA(I,J’k) X B(I,m,n) Lesk&Sternherg] )
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Rigid Docking

Search methods:
« Exhaustive
« FFT

" Translations_

\ Rotations

tstep

rstep
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Flexible Docking

Search methods:
« Side-chain rotamer libraries
* Monte Carlo algorithms
* Genetic algorithms
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Metrics:
* RMSD (usually Ca)
* % of contacts predicted

Bound Ab - X-Ray
Bound Ab - Predicted

[Lesk&Stemberg]
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Benchmarks:
« CAPRI
Model qualiy®
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Metrics:
* RMSD (usually Ca)
* % of contacts predicted

X-ray

predicted

e = 0.47
Ims=1.1A

[Janin05]
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Benchmarks:
« CAPRI
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X-Ray Structure
for Capri Target 08

® Incorret

Distribution of Centers of Mass
for predicted Complexes
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