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Virtual screening

• Virtual screening: Identifying drug candidates by 
considering large numbers of possible ligands 
– A ligand is any molecule that might bind to a protein 

• Virtual screening is an alternative to experimental 
high-throughput screening (done by robots) 

• Once a candidate is identified, it undergoes an 
extensive optimization process in which it is 
modified chemically to improve its properties 
– This optimization is a big part of drug discovery
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Ligand docking: standard approach to 
virtual screening

http://www.slideshare.net/baoilleach/proteinligand-docking-13581869

Note	that	predicting	binding	pose	(i.e.,	where	each	atom	of	the	ligand	ends	up)	
is	very	important	in	its	own	right,	particularly	for	the	ligand	optimization	process



Ligand	docking	software

http://en.wikipedia.org/wiki/
Docking_(molecular)

Most	popular		
(based	on	citations	
2001–2011):	
!
AutoDock	
GOLD	
DOCK	
FlexX	
Glide	
FTDOCK	
QXP

Sousa	et	al.,	Current	
Medicinal	Chemistry	
2013	



So what’s the problem with ligand docking?

• Ligand docking is a physics-based heuristic 
approach with two key components 
– A scoring function that very roughly approximates the 

binding affinity (i.e., binding strength) of a ligand to a 
protein given a binding pose 

– A search method that searches for the best-scoring 
binding pose for a given ligand 

• Accuracy is poor!
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What can we do?

• Try a machine learning approach 
– Forget the physics and treat this instead as a statistical 

pattern recognition problem  
– Learn from existing structures of protein-ligand 

complexes (and, perhaps, data on affinities of many 
ligands to proteins) 

– Monday’s papers 
• Improve the physics-based approaches 

– Next Wednesday’s papers
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Background material

• Ligand docking slides from CS/CME/BioE/
Biophys/BMI 279: 
– http://web.stanford.edu/class/cs279/lectures/

lecture7.pdf 
• Deep learning tutorial (Andrew Ng’s group) 

– http://ufldl.stanford.edu/tutorial/
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