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ÅHigh throughput structural biology 

Å Crystallography and CryoEM

ÅStructural Biology Center at KU

Å Protein Production, Computational Chemical Biology, 
High Throughput Screening, Mass Spectrometry, NMR 
Infectious Disease Assay Development and Chemical 
Synthesis

Introduction: Protein structure and X-ray Crystallography Laboratory (PSXL)



1.Docking methods: Modelling of a ligand in a protein pocket

2. Virtual screening: Identification of compounds for inhibitor development 

3. Molecular dynamics simulations: Sampling conformational states of a time trajectory

4. Case Study: in silico inhibitor development

5. Preparing files for ligand modelling and software applications

6. Ligand modelling examples and analysis in the BioVizlab

Methods for modelling protein:ligand binding



ÅComputationally predict the binding mode(s) 
of molecules (ligands) to a protein

Å Add hydrogens to protein/ligand

ÅSetup a grid around the for docking search 

ÅSample the binding conformations (pose)

ÅScoring based on binding free energy

General docking approach



ÅLarge cavity in protein used to test for 
potential ligand binding

ÅProtein model loaded into docking 
application

Å Hydrogen atoms are added in idealize positions

ÅLigand molecule is loaded and hydrogen 
atoms added

Preparation for ligand modelling Ligand to dock



ÅThe search grid is centered 
near the region of interest 
(cavity) and set in the x,y,z 
directions to encompass the 
desired area 

Ligand search parameters Protein/Ligand Setup Grid Settings



ÅOne would typically search for 
multiple poses within the grid 
space

ÅÅĲƚƨũƣƚШċƖĲШŉŔũƣĲƖĲĬШŉŸƖШљƣŸƓњШ
poses

Å Binding free energy

Ligand search parameters and results Search Parameters



ÅSoftware: Pymol, CCP4mg, 
Coot, ChimeraX

ÅAnalyze features such as 
hydrogen bonds, 
hydrophobic interactions, 
electrostatics, pocket 
environment

Analysis of the results



ÅHydrogen bond interactions

ÅPocket characteristics

Å Hydrophobic and charged regions

ÅVarious software packages for analysis

Evaluation of a docked ligand



ÅDocking multiple ligands to a protein target

Å In silico screening protein targets for lead compound 
identification

ÅStrategy:

Å Use a structure without a small molecule, 

Å predict a conformation with a pocket

Å search for compounds that have shape and chemical 
complementarity.

Advanced docking methods



ÅApply a biasing potential to drive the ensemble towards 
pocket containing conformations

Å Biasing potential is a proxy for binding free energy

Å Bias towards low energy conformations

ÅThis can be a structure prediction problem

Å Given a template (unbound) structure one needs to identify 
conformations that satisfy energetic and pocket constraints

Pocket optimization

Johnson and Karanicolas, PLoS Comput Biol 2013



ÅIdentify pockets

ÅIdentify ideal location for donors and acceptors

ÅFill pocket with carbons atoms

ÅCluster exemplar points

Exemplar screening

(Johnson and Karanicolas, 2015)



ÅRapid Overlay of Chemical Structures (ROCS) 
developed by OpenEye software

ÅFast shape comparison of ligand to exemplar by 
Gaussian representation of atoms

ÅCan screen large number of compounds using a 
computing cluster

Ligand placement via exemplar

Johnson and Karanicolas, JCIM 2016



ÅPerform pocket optimization

ÅAssess pocket druggability (select pockets with 
tighter binding potential)

ÅROCS exemplar screen (Rapid Overlay of Chemical 
Structures)

ÅVScreenML (active vs decoy classifier)

Screening structural ensembles 



ÅMap of the interior  pockets of the protein. 

ÅZones where the energy of a hydrophobic (green), donor (blue), 

Åor acceptor (red) are present

ÅFilter for ligands that fit uniquely to each protein target

ÅIdentify compounds that might uniquely target individual targets (singles)

ÅExample: pyridine ring and the shape of the ligand similar shape to the 
pocket

Site Identification by Ligand Competitive Saturation (SILCS) analysis of a protein



ÅMultiple protein target homologs

ÅScreened using the ZINC library

ÅROCS and SILCS methods utilized

ÅPocket optimization suggests deepening of the 
pockets during simulations supporting 
compatibility with binding

Example: In silico compound library screening
Homolog 1

Homolog 2

original pocket Optimized pocket



ÅMap the differences/similarities amongst 
homologs

ÅScreen for compounds that might bind to various 
proteins

ÅIdentify compounds that are selective

Pocket comparison between protein homologs
Bb

Er

Fp

Ft
Rb



ÅDiverse chemical 
functionality

ÅDifferences in 
pocket depth 
between homologs

Top hits from in silico screening
Homolog 1 Homolog 2



ÅModelling protein physical motions over time 
Generates a trajectory of minimized states.

Å  Various conformational states sampled

ÅCan be used to identify dynamic regions near or at a 
ligand binding pocket

Molecular dynamics (MD) simulations


