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The Concept...  

}Folding, Docking, Protein Loop Modeling, etc. ï all these 

are particular instances of Conformational Sampling. 

} Address the GENERAL problem in order to make progress on 

each particular issueé or any combination thereof!  
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The Issues...  

}Finding the relevant minima of the energy 
landscape, function of molecular geometry, is a NP-
hard problem. 
}Nature-inspired, computer grid-deployed sampling 

heuristics: Genetic Algorithm enhanced (hybridized) with 
molecular modeling know-how 

}Use Interaction Fingerprints to control diversity of the 
current population of solutions. 

}Sampling the wrong energy landscape is a no goé 
but nothing better than fallible Force Field (FF)-
based methods qualify for energy estimation. 
}Fast implicit solvent model add-on to classical vacuum 

force field (AMBER/GAFF) 

}Add-on terms need fittingé 



This Presentation...  

}How does S4MPLE work? 

}The underlying Hybrid Genetic Algorithm & GRID 

Deployment Scheme ï Past, Present & Future. 

}Force Field Issues. 

}Force field: classical and additional terms 

}Benchmarks & Applications: 

}Treatment of large-scale protein site flexibility. 

}Redocking, Cross-docking 

}Key water-mediated interaction predcition  

}S4MPLE in fragment-based drug design (L. Hoffer, 

NovAlix). 



S4MPLE ð a Genetic Algorithm in Torsional 

(Old ) and Cartesian ( New) Coordinate Space  

}Apply a Darwinian Evolution Scenario to a population of 

vectors (ñchromosomesò C), encoding points in the 

variable space of the ñFitnessò function f(C) to maximize. 
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} The random cross-over point may be either  
} a covalent bond, as shown above, or  

} a putatively favorable inter-molecular contact (H-bond, hydrophobic). 

} S4MPLE makes no formal distinction between inter/intra-molecular 
degrees of freedom 
} é thus, it makes no distinction between sampling and (multi-species) 

docking  

DockC ï return first 

clash-free pose out of 

T trials 

DockE ï return best 

energy pose out of T 

trials 

 

The S4MPLE Core Trick: Connectivity -Inde -

pendent Genetic Operators  



Smooth, differentiable Interaction 

Fingerprints  
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}Dissimilarity of two individuals I and J is given by the Hamming 

distance H between their contact fingerprint vectors cI and cJ. J 

is redundant if I is fitter and H(cI,cJ)<minfpdiff. 

}Two diversity control operators were defined 

} ReplaceMostRedundant ï lets current individual enter the population 

instead of its most redundant member. 

} RandomizeMostRedundant ï used once every generation, to avoid 

accumulation of redundant individuals (these are replaced by 

randomized individuals) 

}Multi-Island Model 

} run many almost-independent simulations with smaller populations in 

parallel (allow occasional chromosome exchanges).  

Diversity Control needed to avoid 

premature convergence  
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}AMBER for proteins and General Amber FF (GAFF) for 

others. 

}é modified to avoid singularities. 

}Simple Implicit Solvent Model added to classical 

vacuum/explicit solvent terms...  

The Force Field Challenge  

éneed fitting 
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Success Rate (%) 

Top ranked-pose 

Success Rate (%) 

Saved poses 

S4MPLE (Core FF) 77 94 

S4MPLE (Fit FF) 84 98 

GOLD (Goldscore) (1) 75 Unavailable 

Plants (ChemPLP) (2) 87 
97 

Plants (PLP) (2) 84 

LGA ñLargeAllò (3) 63 Unavailable 

(1) Hartshorn, JMedChem, 50, 726-741 (2007) 

(2) Korb et al, JChemInfModel, 49, 84ï96 (2009) 

(3) Fuhrmann et al, JComputChem, 31, 1911ï1918 (2010) 

}State-of-the-art resultsé but, unlike the other 

programs, S4MPLE employs no fitted scoring 

function (other than the FF energy) 

Classical Benchmarking:  

Rigid Redocking  of Astex  Complexes.  


