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Learning Objectives: 

 At the end of this lecture, students should be able to   

 1. Explain basis of computational approaches for drug discovery 

 2. Discuss advantages and disadvantages of recent techniques used for drug design  

 3. Perform how to use tool and online resources to obtain information about small 

molecule drug target  

Content Outlines:  

Overview of drug discovery, drug design techniques, structure-based drug design, ligand-based 

drug design, recent computer application for drug discovery 

References:  

Hung, C. L. and C. C. Chen (2014). "Computational approaches for drug discovery." Drug Dev 

Res 75(6): 412 ̶ 418.  

Learning organization: 

 1. Lecture (1 hours) 

 2. Hands on (2 hours) 

Learning materials provided: 

 1. Interactive PowerPoint slides 

 2. Hand out 

 3. Online Video demo and workshop 
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Drug Design 
 

Drug Discovery is a time ̶ consuming and costly business. It takes an average of 1.3 billion US 

dollar and 17 years to produce one drug. The most widely used drugs around the world are small 

molecules because of the ease of administration, the cost ̶ benefits, and the patient compliance. 

Patients in rural area can benefit from small molecules drugs at home. Drug Design is a 

multidisciplinary processes involves several fields of expertise. The initial processes for small 

molecule drug design involves target molecule selection and discovery. The selected molecules 

often involves with alteration of the diseases mechanisms, such as  it may be crucial for the survival 

of bacteria in the case of infection, or crucial for controlling cell growth in the case of cancer. If 

we inhibit such protein target with a ligand, the disease can be cured. Therefore, the initial aim of 

structure ̶ based drug design was trying to find the molecule that can be fitted in the protein pocket. 

After that, the process of lead discovery for such targets are conducted by high ̶ throughput 

screening which will give rise to the candidate molecules that are called the “hits”.  These hits 

compounds will be improved in order to enhance the binding affinity and so that they have suitable 

pharmacokinetics properties in the process called “lead optimization”. Then the candidate 

molecules will undergo in vitro testing, in vivo testing and pharmaceutical chemistry testing to 

make sure that it can inhibit the target molecule with high potency using the least concentration of 

the ligand. After that, the candidate drug will enter toxicity testing and several phases of clinical 

trials that involve screening with human patients.  

  

 



 

The small molecule drug discovery can be considered in two main approaches, where these two 

can be combined to get most relevant information. When the structure of the target are known, 

structure ̶ based drug design approaches will be attempted. If the target are unknown but there are 

several small molecules derivatives available, the ligand ̶ based drug design are often attempted. 

 

The protein structures used in rational drug design are obtained from X ̶ ray crystallography or 

sometimes from Nuclear Magnetic Resonance. The aims are to look for the largest cleft inside the 

protein pocket and try to find the molecule that have suitable size, best complementary in 3D ̶ 

shape and have precise binding to the target protein via its electrostatic properties. Such aims can 

be achieved by De novo ligand design, molecular docking, fragment ̶ based drug discovery or 

molecular pharmacophore identification. The ideas of molecular docking is based on “Lock and 

Key” concepts of pharmacology. Docking goals was find the molecule with suitable conformation 

by using the thermodynamics free ̶ energy terms to filter the possible pharmacophores. A basic 

knowledge on molecular interaction such as van der Waals interaction, hydrogen bonding, 

covalent bonding, and hydrophobic interaction will be used for designing the molecules in order 

to affect the binding affinity of the ligand to the protein. De novo ligand design is attempted to find 

the proper functional groups and conformers to interact with the target and then either link all these 

concerned functional groups via a linker and grow them to fit the pocket. Fragment ̶ based drug 

discovery will first start with a small fragment that can interact with the pocket, then solves the 

structure to find its location and try to decorate them to enhance the binding affinities of a lead 

compounds. After the tight binding between ligand and target protein is achieved, the process will 

be repeated until the affinity reach sub-nanomolar level.  

 

My lecture will discuss those computatational approaches to drug discovery and I will allocate 

some time for simple hands ̶ on practice for basic understanding of computational drug design via 

MANORAA.org and Drug Design Workshop website. 

  

 


