
  

Constraint-based Lattice Model Refinement



  

The Problem

Given:
● Protein in full data (PDB)

Goal:
● Lattice protein model with 

low deviation

(NP-complete in 3D-cubic for cRMSD optimization [Manuch&Gaur,2008])



  

Approaches
● Full enumeration [Covell&Jernigan,1990]

● Dynamic programming [Hinds&Levitt,1992]

● Chain growth [Park&Levitt,1995]

● Force field optimization [Reva et al.,1998]

● Simulated annealing [Ponty et al.,2008]

►   Mainly heuristics
           ... biased results ?



  

LatFit – our heuristics
● Chain growth algorithm
● Optimizes either 

● distance (d)RMSD or
● coordinate (c)RMSD

● Open to backbone-only 
and side chain models

● Web interface available



  

LatFit - Workflow



  

LatFit – cRMSD fitting procedure
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For each Monomer:
● Generate all possible 

placements
● Select best
● Iterate until all placed

Problem:
● Once placed position is 

fixed



  

LatFit - Results

Side chain models

Backbone-only models



  

Can we do better ?



  

Yes We Can !



  

Lattice Model Refinement

Given:
● Original protein 
● Lattice model (LatFit)

Goal:
● Refined lattice model 

based on first model

Idea:
● Allow some relaxation
● Find best among these

Method:
● Constraint Programming
● Limited discrepancy 

search



  

Constraint Satisfaction Problem



  

Refinement CSP
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X = {X1, …, Xn} 
one for each monomer

D(Xi) = { p : |p-Mi| ≤ dmax}
surrounding sphere

C1 = SAW (X1, …, Xn)
self avoiding walk

C2 = |{ i : Xi ≠ Mi }| ≤ K
limited discrepancy

Dmax : maximal displacement
K : number of replaced monomers

Relaxation Parameters:
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Local Search Cycle
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Refinement - Results



  

Refinement – Future Work
● Extension to side chain models

● Combination with local search
● "local neighboring search" – Gelato

– Gradient walk
– Simulated Annealing

● Local move application



  

Any comments ?
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