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Database of Protein-Protein ComplexesDatabase of Protein-Protein Complexes
http://pqs.ebi.ac.uk
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Protein-Protein DockingProtein-Protein Docking
Generation of the structure of a protein-protein complex

from the individual protein structures

Structural Genomics (2000-2005)
2566 structures

(65% non-redundant)
~10% of 2000-2005 PDB

Structural Genomics
(2000-2003)

1% protein complexes (!?)

JMB 348, 1235-60 (2005)
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Motivation Motivation ……

- X-ray, NMR: Determination of complex structures remains difficult

- Low-resolution data on PPI available (cryo-EM, MS…)

- Understand energetics and mechanism of protein-protein association 

- Protein design (diagnostic, environment) and drug discovery

Protein-Protein DockingProtein-Protein Docking
Generation of the structure of a protein-protein complex

from the individual protein structures
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Fourier TransformFourier Transform

Fourier transform equations: Correlation function:

“Correlation Theorem”:

C(f) = G(f) H(-f)

If h(t) is real then H(-f) = [H(f)]*

C(f) = G(f) [H(f)]*

c(t) = 

F(k) = FT( f(x) )

f(x) = IFT( F(k) ) 

c(t) = IFT(   FT( g(!) )  [FT( h(!) )]*   )

It re-express a function in terms of sinusoidal basis functions



FFT (Fast Fourier Transform)FFT (Fast Fourier Transform)

Fourier transform timing:  N2           (if N= 106   1MHz CPU time  ~2 weeks)

Fast Fourier transform:     Nlog2N      (if N= 106   1MHz CPU time ~ 30 sec)

http://www.fftw.org/

Algorithms for efficient calculation of FT and IFT

- Most common: Cooley-Tukey FFT (divide and conquer)

- Other: Prime-factor, Bruun's, Rader's, Bluestein's 
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ZDOCK performanceZDOCK performance
A Novel Shape Complementarity Function
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(including solvation)
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REFINEMENTREFINEMENT

ICM Protein-Protein Docking

FernFernáándezndez-Recio et al. 2002 Protein -Recio et al. 2002 Protein SciSci. 11, 280-291. 11, 280-291

EnergyEnergy = =

vdwvdw + el +  + el + hbhb + +

desolvdesolv



x-ray complexx-ray complex

Best rigid-bodyBest rigid-body
docking solutiondocking solution

Interface RefinementInterface Refinement -  - unbound unbound trypsintrypsin/BPTI/BPTI
Fernandez-Recio, Totrov, Abagyan

Prot. Sci., 2002

After refinementAfter refinement



pyDock: scoring of rigid-body dockingpyDock: scoring of rigid-body docking
orientations by electrostatics + desolvationorientations by electrostatics + desolvation
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FTDOCK’s docking sets:

   (70 unbound cases)
ZDOCK’s docking sets:

   (70 unbound cases)

pyDock: scoring of rigid-body dockingpyDock: scoring of rigid-body docking
orientations by electrostatics + desolvationorientations by electrostatics + desolvation
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DOCKING VALIDATIONDOCKING VALIDATION

CAPRI: A Critical Assessment of CAPRI: A Critical Assessment of PRedictedPRedicted Interactions Interactions

1st CAPRI – Sep02 La Londe (France)
Special issue, in:
PROTEINS: Structure, Function, and

Genetics 52 (July 2003)

http://capri.ebi.ac.uk

T01 
Hpr (unbound) 
HPr kinase (unbound) T02 

VP6 (unbound)
Fab (bound)

T03 
Hemagglutinin (unbound) 
Fab (bound)

T04, T05, T06 
!-amylase (unbound)
VHH (bound)

T07
TCR" (unbound)
speA (unbound)

2nd CAPRI – Dec04 Gaeta (Italy)
Special issue, in:
PROTEINS: Structure, Function, and

Bioinformatics 60 (July 2005)

3rd CAPRI – Apr07 Toronto (Canada)
Special issue, in progress
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CAPRI: A Critical Assessment of CAPRI: A Critical Assessment of PRedictedPRedicted Interactions Interactions



1st CAPRI - Predictions1st CAPRI - Predictions

Fernandez-Recio et al. (2003) Proteins 52, 113-117

6 groups:
2 acceptable models

3 groups:
1 acceptable models

5 groups:
no acceptable models

 …



Fernandez-Recio et al. (2005) Proteins 60, 308-313

T08 T10 T11 T12

T13 T14

7.67.6ÅÅ
8.58.5ÅÅ

6.06.0ÅÅ 0.70.7ÅÅ

11.111.1ÅÅ

0.60.6ÅÅ

3.03.0ÅÅ

T18

4.14.1ÅÅ

T19

2nd CAPRI - Predictions2nd CAPRI - Predictions



Fernandez-Recio et al. (2003) Proteins 52, 113-117

1st CAPRI 1st CAPRI ––  Target 3Target 3



22ndnd CAPRI  CAPRI ––  Target 14Target 14

Fernandez-Recio et al. (2005) Proteins 60, 308-313
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Bound receptor:Bound receptor:
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1mlc
(all docking poses)

2pcf
(all docking poses)

1ca0
(all docking poses)

Interface propensity maps from docking landscape



acetylcholinesteraseacetylcholinesterase / /

fasciculinfasciculin II II

ccpccp / /

cytochromecytochrome c ccytochromecytochrome f / f /

plastocyaninplastocyanin

barnasebarnase /  / barstarbarstar

chymotrypsin / APPIchymotrypsin / APPI

ribonucleaseribonuclease inhibitor / inhibitor /

ribonucleaseribonuclease A A

FNRFNR /  / ferredoxinferredoxin
Fab / Fab / cytochromecytochrome c c

Fab / Fab / lysozymelysozyme







pyDockRST: use of restraints to filterpyDockRST: use of restraints to filter
docking solutionsdocking solutions

A B

Docking solution i

Restraint
residues

Restraint
 residues

Satisfied restraints

Satisfied restraints

Pseudo-Energy = -100*(satisfied restraints / total restraint residues)

< 6 Å

< 6 Å

< 6 Å



Crescendo + pyDockRSTCrescendo + pyDockRST

CRESCENDO CRESCENDO ((ChelliahChelliah, Blundell, Lovell), Blundell, Lovell)

pyDockRSTpyDockRST

Chelliah et al. (2006) JMB 357, 1669-1682



Crescendo + pyDockRSTCrescendo + pyDockRST

Introduction of evolutionary restraints
dramatically improves the docking results

Chelliah et al. (2006) JMB 357, 1669-1682



One example of modelling by docking: PG / PGIPOne example of modelling by docking: PG / PGIP

Sicilia et al. (2005) Plant Sicilia et al. (2005) Plant PhysiolPhysiol. 139, 1380-1388. 139, 1380-1388

FedericiFederici et al. (2006) Trends Plant  et al. (2006) Trends Plant SciSci. 11, 65-70. 11, 65-70

NIP surfaces

docking





Protein-Protein Docking MechanismProtein-Protein Docking Mechanism

Blundell & Fernandez-Recio (2006)

Nature 444, 279
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