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Outline 

ÅStructure-based drug design (SBDD) 

ïDocking  

ïVirtual screening 

ïde novo design 

ïPharmacophore search 

ÅLigand-based drug design (LBDD) 

ïSimilarity matching 

ïPharmacophore search 

ïQSAR 
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Ligandïbased DD 
Similarity matching 

QSAR 

Pharmakophore 

Structureïbased DD 
Docking 

Virtual screening 

De novo design 

Pharmakophore 

 

 

In silico Drug Design ï Possibilities 
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Molecular Docking Idea 

ÅCƛƴŘƛƴƎ ǘƘŜ ōŜǎǘ έfitά of ligand to receptor 

Bill Watterson: Calvin a Hobbes 5 



Molecular Docking 

ÅPrediction  

ÅBinding pose of 
molecule in the binding 
(active) site = geometry 

ÅBinding affinity (score)   
= binding energy   

Computational method mimicking binding of ligand to receptor 

Image credit: Charaka Goonatilake, Glen Group, 
University of Cambridge. http://www-

ucc.ch.cam.ac.uk/research/cg369-research.html 
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Binding Pose  

ÅStructural 
arrangement of 
ligand within 
receptor/enzyme 

ÅDriven by molecular 
interactions 
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Search Algorithms 
ÅMonte Carlo 
ïRandom selection 

ïMetropolis  condition  
Å(if better energy -> accept new pose;  

else check depend on energy difference) 

ÅGenetic algorithms 
ïtƻǎŜǎ ŘŜǎŎǊƛōŜŘ ōȅ άDŜƴŜǎέ  

ï.Ŝǎǘ ǇƻǎŜǎ άƳŀǘŜέ ǘƻ ƎŜƴŜǊŀǘŜ ƻŦŦǎǇǊƛƴƎ 

ïConverge faster than MC 

ÅSimulated heating 
ïHeating ς more energy ς barrier 

crossing 

ïCooling ς minima search 
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Energetics 
ÅEquilibrium binding constant 

   Kd = [P...L] /  [P][L] 

- correspond to free energy of binding: 

   ɲGbind = -RT ln Kd  

Free energy ς combination of enthalpy and entropy 

   ɲGbind = ɲHbind ς TɲSbind 

 

Åkcat, Ki, IC50 , EC50ς other values used for characterization 

ïdepend on concentration and affinity of substrate and 
concentration of protein 

 



IC50 

Visual demonstration of how to derive IC50 value: Arrange data with inhibition on vertical axis 
and log(concentration) on horizontal axis; then identify max and min inhibition; then the IC50 is 
the concentration at which the curve passes through the 50% inhibition level. (wikipedia) 

ÅConcentration with 50% of 
inhibition activity 

ïComparison of affinity 
between two compounds 

ïCheng-Prusoff equation 

 

 

 

ïOften logarithmic (mol/L) 

 

ÅLower = better 

pM (excelent) > nM (great) >  
M˃ (common) > mM (unusable) 
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Molecular Interactions 

Enthalpy: 

ÅElectrostatics 

(partial charges) 

Åvan der Waals 

(dispersion and repulsion) 

ÅHydrogen bonding 

(directionality) 

ÅDesolvatation 

(cavitation energy) 

Entropy 

ÅConformation selection 

(flexibility)  

ÅSolvatation 

(hydrophobic effect) 
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Scoring Function 

ÅBinding affinity approximation 

 

ÅIt should be: 
ïQuick 

ïScore the right pose the best 

ÅParameterized against known binding poses and 
affinities 
ÅTypes: 
ïForce-field (DOCK, Autodock, GoldScore) 

ïEmpirical (Glide, ChemScore) 

ïKnowledge-based (DrugScore) 
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Scoring Function 

1. Score individual binding poses during search ς 
objective function 

2. Identification of lowest (best) binding energy 

3. Sort binding free energies between individual 
ligands ς selection of the best ligand 

 

ï Not necessarily the same for all points  
Å First part is most computationally intensive ς needs 

to be quickest 

Å Sorting should be the finest  
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Scoring Function Types  
ÅForce-field ς based on molecular mechanical force-fields 

ïPhysical model - Interaction terms (elstatic, vdWΣΧύ 

ïGoldscore, DOCK, Autodock 

ÅQM-based ς based on quantum chemical calculations 

ïPM6-DH  

ÅEmpirical ς parameterized against exp. binding affinities (Kd,IC50) 

ïArbitrary terms (H-bonds, hydrophobic contacts)  

ïChemScore, PLP, Glide SP/XP 

 

ÅKnowledge-based ς based on protein-ligand  complexes 

ïBoltzmann hypothesis  

Åtypical binding motives -> stronger binding 

ïPMF, DrugScore, ASP 
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Force-field Scoring Functions 

ÅPhysical interaction terms 

E = Ebond + Eangle + Edih + Ecoulomb + Evdw + Esolv 

ÅOften only intermolecular terms (Ecoul + Evdw + Esolv) 

Å Intramolecular are usually changed to rigid (bonds, angles) or 
screened by some value (dihedrals by 5 deg) 

ÅGrid ς time-saving 
ïProtein is divided into grid and  

interactions are pre-calculated  
at each point 

ïLigands interaction is evaluated by  
multiplication of grid potential  
with ligand atoms 

ïTable seach is quicker than full energy evaluation 

ïReceptor is usually one, while there is a series of ligands 



Scoring Function Problems Example 

ÅProblems: 

ïRepulsion 

ïElectrostatics 
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DOCK 6.6  
with exponential repulsion 

Bazgier V, .ŀƴłǑ P, Berka K, Otyepka M, in preparation 
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QM based Scoring Function 

ÅBased on quantum chemical calculations 

ÅPM6-DH2 

 

ÅɲHw - interaction enthalpy 

Å-TɲSw - interaction entropy  

ÅɲEdef  - correction for inhibitor deformation 

ÅɲɲGw - correction for inhibitor hydration 

DobeǑ Ŝǘ ŀƭΦ J Comput Aided Mol Des 2011, DOI: 10.1007/s10822-011-9413-5 
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Empirical scoring function 

ÅDecomposition of binding energy into  
pre-ŘŜŦƛƴŜŘ άŎƘŜƳƛŎŀƭ ǘŜǊƳǎέ 

ÅSpecific interactions taken explicitly 

ïH-bonding, ̄ -  ̄stackingΣ Χ 

  

Linear form of terms is usually used (albeit 
unphysical) 

 DGbind = DGsolvent + DGconf + DGrot + DGt + DGr + DGvib 



Bºhmôs empirical scoring function 

Å Hydrogen bonding a ionic interactions  

ïDepend on na geometrical interaction ï large deviations are penalized 

(ideal distance R, ideal angle Ŭ). 

Å Lipophilic term  

ï Proportional to lipophilic surface contact between protein and ligand 

(Alipo)  

Å Conformational entropic term  

ï penalization for freezing of internal rotations of ligand - entropy 

ï Proportional to number of rotationable bonds of ligand (NROT) 

Å æG values of individual terms are constants obtained by linear regression 

on experimental binding data on 45 proteinïligand complexes 

Ålinear summation of individual binding terms 

Å Bohmôs scoring function  

Å H-bonding, ion interaction, lipophilic 

interactions and conformational terms 

Å Bohm, J. Comput.-Aided Mol. 

Des., 1994, 8, 243 
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Chemscore 
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Chemscore 
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Chemscore Accuracy 

Correlation coefficient ς r 
r2 <-1, 0, 1> 
-1 ς anticorrelation 
0 ς no correlation 
1 ς full correlation  
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Empirical Scoring Functions Problems 

ÅHeavy dependence on training set 

ÅCan have missing interaction terms 

ïmetal-ion 

ÅParameterized on success  

ïUse of molecules that bind in parameterization => 
artificial binding of molecules that otherwise 
would not bind 

=> Use of decoys ς molecules, which are of similar 
size as those really binding but not binding  
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Knowledge-based Function 
 Correlation of structural data from ligand/protein 

complexes with free energy of binding 
Å Use a rigorous statistical mechanical result: 

    A = -kT ln g(r) 
ïThis equation holds for an ensemble of particles at 

equilibrium (in gas) 
ïnot necessarily proteins 
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Drugscore 



Docking Preparation 

ÅReceptor  
ïIdentification of relevant structure 

ïStructure preparation (missing atoms, hydrogen 
assignment) 

ÅLigand  
ïStructure preparation 

ïIsomers, conformations 

ÅOther tasks 
ïWater 

ïFlexibility 

H. Jhoti & A.R. Leach (eds) Springer 2007, chapter 8 
Structure based drug discovery  
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Receptor Preparation 

ÅWhere 
ïidentification of binding site 

ÅGood structure 
ïLow R (accuracy) 

ïLow B-factors (flexibility) 

ïLow R-free (correctness) 

ÅFlexibility 
ïRigid docking into several 

structures 
ÅMolecular Dynamics 

Åmore Xtals 
ïFlexible docking 
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Teague , Nature  Reviews  Drug  Discovery  2 , 527 -541  (July 2003)  |  doi:10.1038/nrd1129   



Example 1:  
Na+/K+ςATPase  

Å Ion pump 

ÅSearch for binding site  
ïFluorescent probes 

ïRH241 probe 

ÅDocking is highly sensitive to protein 
conformation 

Havlikova aΣ Χ Berka KΣ Χ Ŝǘ ŀƭΦ BBA, 1828(2), 568, 2013 
Iǳƭƛőƛŀƪ aΣ Χ Berka KΣ Χ Ŝǘ ŀƭΦ submitted, 2014 
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