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Building a library of gene/protein (genome/proteome) sequences to mine 
for information
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• Look for proteins or mRNA expressed in a disease.
• Comparative gene expression assays, Comparative proteomic profiles.
• Look for genes and gene modifications associated with a disease.
• Look for proteins or protein modifications associated with a disease.
• Find regulatory pathways required for disease process.
• Look for genes/proteins essential for infectious agent and distinct 

from host genes/proteins.
Courtesy of Doug Kalish



The Pharma Value Chain

Gene or 
Genome

Sequencing

Target
Validation

Target
Discovery

Lead 
Discovery

Pre-
Clinical

Manufac
-turing

Clinical
Phase I

Clinical
Phase II

Clinical
Phase III Distribution

• Molecular level
• Screen enzyme inhibitors or activators

• Cellular Level
• Verify the involvement of the protein in the disease state (use gene 

silencing iRNAs).
• Understand the metabolic or cell  signaling pathways and protein 

interactions.
• Organismal level

• Verify critical nature of target and uniqueness.
Courtesy of Doug Kalish
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Discover leads that affect the target gene, protein or pathway
Inhibit defective protein
Activate a defective protein
Inhibit expression of a protein/pathway
Activate expression of required protein/pathway
Stimulate protein modifications or cellular location
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Evaluate leads to ‘cure’ the problem, e.g.:
Replace missing or defective protein with gene therapy
Anti-sense or iRNA to prevent protein expression 
Antibody to bind to or remove or inhibit protein target 
Stimulation of synthesis to replace or activate protein
Stimulate protein modification or location
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Drug Discovery Methods

• Screening natural compound collections

Courtesy of Doug Kalish



Natural Compound Collections



Drugs Derived from Wild Plants
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Natural Compound Library Screening



Drug Discovery Methods

• Screening natural compound collections
• Screening corporate compound collections
• In silico screening (Autodock)

Courtesy of Doug Kalish



In silico screening with Autodock

Gleevec (Imatinib) bound to BCR-Abl Protein 



Drug Discovery Methods

• Screening natural compound collections
• Screening corporate compound collections
• In silico screening (Autodock)
• Rational drug design

Courtesy of Doug Kalish



Rational Drug design for HIV Protease



Rational Drug Design for HIV Protease

Indinavir bound to HIV Protease
Resistance mutations shown in red and purple



Drug Discovery Methods

• Screening natural compound collections
• Screening corporate compound collections
• In silico screening (Autodock)
• Rational drug design
• Combinatorial chemistry

Courtesy of Doug Kalish



Combinatorial Chemistry



Resin Linker with Code Blocks and
Light Sensitive Cleavage sites



Combinatorial Chemistry



Privileged Scaffolds



Drug Discovery Methods

• Lead Discovery
o Screening natural compound collections
o Screening corporate compound collections
o In silico screening (Autodock)
o Rational drug design
o Combinatorial chemistry

• Lead validation
• Lead optimization

Courtesy of Doug Kalish



ADMET: Ideal Properties of Drugs

• Absorption - Passes GI 
track into blood stream

• Distribution - Gets to 
target tissue (blood brain 
barrier)

• Metabolism – Not readily 
metabolized

• Excretion – Not readily 
secreted

• Toxicity – Not toxic to 
other cells or tissues

Courtesy of Doug Kalish



Chris Lipinski’s Rule of Five

Lipinski and his Pfzer co-workers looked over a data set of drug 
candidates and noticed that there were some reasonably clear cutoffs for 
oral absorption and general cell permeability. They suggested that you 
need:

1. Fewer than fve hydrogen bond donors (which can be estimated by 
counting the total number of OH and NH groups in the molecule.)

2. Fewer than 5 hydrogen-bond acceptors (estimated by the total of N and O 
atoms in the molecule.)

3. A molecular weight of less than 500

4. A partitioning coeffcient (logP) of less than 5 

The “rule of fve” name came from the cutoffs all being multiples of fve, 
in case you are wondering why there are only four rules.
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• Animal tests of toxicity and efficacy of therapy
• Rodents (mice and rats)
• Mammals (pigs)
• Primates (monkeys and chimpanzees)
• Mouse Lemurs (Microcebus) 
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The New Primate:  Mouse Lemurs 
(Microcebus margotmarshae) 
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Small group of healthy volunteers (10’s) to determine
safety and toxicity.  Maybe some members of target group
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100’s of patient population to determine efficacy, dosage, 
safety
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1000’s of patients and controls (normals) to determine 
efficacy, dosage, safety, side effects, and interactions.
Each prospective patient group (men, women, children, 
elderly and ethnic groups)
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Genetic and Biomarker FollowupGenetic and Biomarker Followup



The Impact of Genomics and Bioinformatics 
on Drug Discovery Times

Courtesy of Doug Kalish



Short Market Time

Portfolio Management SolutionsC. Thomas Caskey, Annu. Rev. Med. 2007. 58:1–16

http://www.portfoliomanagementsolutions.com/the-organization-of-pharmaceutical-rd/small-molecule-drugs-versus-biomolecular-drugs-biologics/
http://www.annualreviews.org/doi/pdf/10.1146/annurev.med.58.042705.124037


FDA Approved New Chemical Entities 
and Biological Derivatives

Portfolio Management SolutionsC. Thomas Caskey, Annu. Rev. Med. 2007. 58:1–16

Small Molecules (NCEs)

Biologics (new BLAs)

http://www.portfoliomanagementsolutions.com/the-organization-of-pharmaceutical-rd/small-molecule-drugs-versus-biomolecular-drugs-biologics/
http://www.annualreviews.org/doi/pdf/10.1146/annurev.med.58.042705.124037

