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the biological inspiration



the computational analogy:
genetic algorithms
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a genetic algorithm applied 
to Comparative Modelling 

•how are solutions coded?

•genetic operators

•definition of fitness

•design of the algorithm



proteins models are implicitly coded solutions 

• linear molecules: arrays of residues connected by peptide bonds 

•fitness = likelihood of its fold 

(1model = 1PDB template + 1alignment)



genetic operators

recombinant protein modelmutant protein model

model A
+ 

model B

recombinationmutation



recombination

model A
+

model B

•sequence alignment 
•superimpose on Cβ of equivalent residues

•refine fit on close equivalent residues (2 x Cα-Cβ)
•draw crossover point (!helix && !strand, after STICK)



mutation

model A
+

model B

•sequence alignment 
•superimpose on Cβ of equivalent residues

•all-atom Cartesian average (no checks)



protein fitness

fitness(p) = internal_contacts(p) + solvation(p)

∑
i
∑

j
(Aij/rij

9)-(Bij/rij
6)  (in Kcal/mol)

where i,j are pairs of pseudoatoms in protein p 

and A and B are statistical potentials
(taken from Robson and Osguthorpe (1979) J.Mol.Biol.132(1):19-51, code by Paul Fitzjohn)



protein fitness

fitness(p) = internal_contacts(p) + solvation(p)

∑
i
(SAi . ΔGsolvi)     (in Kcal/mol)

where i is a residue in protein p, 
SA is the side-chain solvent 
accessible area calculated by 

NACCESS* and ΔGsolv¶ is the 
experimental solvation free 

energy change for each residue 
type    

* NACCESS (Hubbard and Thornton see http://wolf.bms.umist.ac.uk/naccess
¶ Eisenberg and MacLachlan (1986) Nature, 319: 199-203.



in silico protein recombination algorithm



in silico protein recombination: performance

d(population energy) vs  d(alignment shift)

y = 0,0494x - 0,2444
R2 = 0,6869
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y = 1,4413Ln(x) - 1,83
R2 = 0,3826
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in silico protein recombination: evaluation

PROBLEMS
• models in the last population have sometimes broken loops

•models need often to be minimized after the simulation
•longer computing time than traditional methods

•current mutation implementation does not help much 

ADVANTAGES 
•converges close to the best initial model

•is able to recover alignment errors
•often last population contains different conformations 



in silico protein recombination: example T0134
INITIAL POPULATION

•2 different templates

1QTS & 1E42

•8 different alignments

•2 different programs:

3D-JIGSAW & Pmodeller



generation 1



generation 4



generation 7



last population



in silico protein recombination: example T0134



http://www.bmm.icnet.uk/3djigsaw/recomb
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Possible applications of comparative modelling*

Depending on the sequence identity between query and 
template:

•>90% virtual ligand screening 
•>40% defining antibody epitopes
•>40% molecular replacement in X-ray crystallography
•>20% support site directed mutagenesis 
•>20% fitting into low resolution electron density maps

* Baker & Sali (2001) Science 294: 93-96



Selecting templates

Best template for comparative modelling
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Single vs Multiple template modelling
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Domain Fishing

up to 7 
alternative alignments



3D-JIGSAW Example



Conclusion

We have done:
• automatic domain identification 
• improved alignments
• multidomain modelling

We want to do next:
• better template selection (energies)
• connecting domains
• different multi-template strategies 
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