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OUTLINE 

•  What is … 
§   a drug? 
§   virtual docking? 
§   a high-throughput screen? 
§   enrichment? 
§   ensemble docking? 

 
•  How do we do it on supercomputers? 

 
•  What will we do in the rest of this workshop? 



DRUGS are small molecules that bind 
to proteins and modify their actions  

HOW DO DRUGS WORK? 



WHAT IS MOLECULAR DOCKING? 

•  Predicts conformation of a 
protein-ligand complex 

•  Predicts binding affinity of the 
ligand to the protein 

(+) Reproduce correct bound conformation 
 
(+) Assign better scores to high-affinity ligands than to decoys (enrichment) 
 
(-) Generate scores that correlate with measured binding affinities 
 

Docking engines such as Autodock4 and Autodock Vina allow for virtual binding 
experiments with atomic level detail on a desktop computer 



AUTODOCK VINA 
DOCKING ENGINE FOR MULTI-PROTEIN SCREENING 

Scoring function: machine-learning approach 

Conformational search: iterated local search global optimizer 
step mutation, local optimization, Metropolis acceptance criterion 

Trott, O. and Olson, A. J. (2010), AutoDock Vina: Improving the speed and accuracy of docking with a new scoring function, efficient 
optimization, and multithreading. J. Comput. Chem., 31: 455–461. doi: 10.1002/jcc.21334 

Average time in minutes per complex 
 

Autodock4        Autodock Vina Predicted structures within 2 Å RMSD 
 



WHAT IS A VIRTUAL HIGH-THROUGHPUT SCREEN? 
 



HOW DO WE ASSESS THE ENRICHMENT  
OF A DOCKING METHOD? 
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WHAT IS ENSEMBLE DOCKING? 

Proteins are not static 
structures but are 

treated mostly so in 
virtual docking. 

 
Proteins may exist is 

many druggable 
conformational states. 



ensem
ble docking 



HOW DO WE DO IT ON SUPERCOMPUTERS? 

worker  
id = 31 
total_complexity = n 
average_complexity = n / #workers 
get_work_set(id, average_complexity) 
Dock(work_set) 

Every worker determines its own set of non-overlapping tasks 

total_complexity = ∑	
  tdof	
  
	
  
tdof	
  =	
  torsional	
  degrees	
  of	
  freedom	
  in	
  ligand 

library 

Even Distribution of Complexity (EDC) 



WHAT WILL WE DO IN THE REST OF THIS WORKSHOP? 
 

http://cmb.ornl.gov/~sek/bcmb422.html  

1) estrogen receptor agonist  
Good enrichment with a crystal structure 
 
In class, walk-through of creating an enrichment plot using only the crystal 
structure. All files are prepared, you must login and execute commands on Kraken. 
Extra credit will be offered. 
 

2)  tyrosine-protein kinase SRC 
Poor enrichment with a crystal structure 
 
In class project, work at own pace and finish on own time. Prepare files to do an 
ensemble screen with SRC. Everyone will use slightly different parameters and 
create enrichment plots in order to decide which method worked the best.  
This is novel research!!! 



TYROSINE-PROTEIN KINASE SRC 

2000 snapshots from a 200ns 
molecular dynamics simulation  

40 distinct states identified 
with clustering 

red indicates the binding site region 
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QUESTIONS?????? 


