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Drugs
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 Chemical substances that exhibit biochemical or 

pharmacological effects that influence a biological system 

(including protein, DNA, RNA, etc.)

 Vast majority of successful drugs achieve their activity –

therapeutic effect – by  modifying the activity of a protein.



The AIDS Disease
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 In 1981, doctors recognized a strange new disease in US –

AIDS (Acquired Immunodeficiency Syndrome)

 This is a retrovirus! 

 In 1989, scientists determined 

the structure of HIV protease, 

a viral protein critical in HIV’s 

life cycle. 



The AIDS Disease – The Drug Target

4

 HIV protease is a key drug target 

and many protease inhibitors have 

been designed to block its function 

and to prevent virus maturation

 The computerized structure was 

worked as a reference to determine 

the candidate molecules.

“From the identification of HIV protease as a 

drug target in 1988 to early 1996, it took less 

than 8 years to have three drugs on the 

market.” Typically, it takes 10 to 15 years and 

more than $800 million to develop a drug from 

scratch.” – Dale Kempf



How Many Drug Targets?
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G-Protein Coupled Receptors: 27%

 recognizes external molecules and 

transmit signals 

 e.g. inflammation

Nuclear receptors: 11%

 regulate the expression of genes 

 e.g. cancer

Ion channels: 12%

 prominent components of the nervous 

system, transmit ions

 e.g. paralysis, Alzheimer's, Parkinson's 

disease

Targets of FDA-approved drugs: 324 



Drug Design 
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 Drug design is a very 
difficult task

 Incomplete knowledge of 
the human body

 The human genome can be 
translated into ~50,000 
proteins.

 Of which 10,000 are 
characterized 
crystallographically, but 
40,000 are still unknown.

 There are many potential 
drug targets (usually 
proteins) related to disease-
modifying genes

Hopkins and Groom, Nature Reviews 1, pp 727, 2002.

Only ~120 proteins as 

targets of drugs that 

are actually marketed! 



The Drug Discovery Process
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It takes about 10-15 years and costs 

around USD800 million to USD1.8 billion to 

develop a new drug.

Solomon Nwaka & Robert G. Ridley. Nature Reviews Drug Discovery 2, 919-928 (2003)

Preclinical Transition

Phase I: healthy people

Phase II: small group of 

patients

Phase III: larger group 

of patients

Registration 

SBDD



Ligand and Receptor
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 Ligand: a molecule of any size 

that binds or interacts with 

another molecule through 

noncovalent forces (usually no 

chemical bond formation)

 Target or receptor: typically 

the larger species

 Complex: may contain multiple 

copies of the ligand and/or 

receptor

Ligand

Receptor



Binding at the Active Site
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 The Lock-and-Key model 

(1894): 

“The specificity of an enzyme 

(the lock) for its substrate (the 

key) arises from their 

geometrically complementary 

shapes”



Binding at the Active Site
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 The Induced-fit model

(1958):

When the substrate enters 

the active site, it reshapes 

the active site (and perhaps 

other parts of the protein) so 

that it can engage more fully 

with the substrate



Structure-Based Drug Design (SBDD)

Hits

Target protein Compound library

Docking & 

scoring

Binding site 

determination

 Virtual (in silico) screening of 

a compound library (a 

collection of ~106) 

 Selected hits will be followed 

by experimental validation

The objective is to identify/design a molecule that will bind with high affinity and 

specificity to a biological target of known (or predictable) three-dimensional structure.

Experimental 

validation



Binding Modes of Hits in Binding Site
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 Life processes require several categories of 

macromolecules

Macromolecules

Carbohydrate

Nucleic acids: DNA & RNA

Lipids

Protein
Most diverse functionality

Is due to structural complexity
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 Macromolecules are formed by 

a process known as 

polymerization

 Monomers – small building blocks 

of polymers

 Polymers – Large organic 

molecules

Macromolecules



Protein Building Blocks -

Amino Acids (aa)
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 Proteins are comprised of chains of amino acids

 Each amino acid consists of 
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 Different side chain 
confers the specific 
chemical properties 
of the amino acid

 Group into three 
classes: Nonpolar 
(Hydrophobic), 
polar, charged

 Subclasses: 
aromatic, aliphatic, 
large, small, …

 20 standard amino 
acids

Amino Acids – R-group



Protein Primary Structure
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 The sequence of a protein is its primary structure

3-letter code:

Gly-Pro-Thr-Gly-Thr-Gly…

1-letter code:

GPTGTG…

COO-

Carboxyl end



Polypeptide

 Protein or polypeptide chain is formed by joining the 

amino acids together via a peptide bond 

19
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 Peptide bond is 

planar & quite 

rigid

 Rotational 

freedom only 

about the bonds 

formed by the Cα: 

Phi (φ) and Psi (ψ) 

The Peptide Bond – 3D view

https://www.ncbi.nlm.nih.gov/books/NBK22364/

Typical Bond Lengths Within a 

Peptide Unit
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Rotation About a Bond

(B) A view down the bond between the nitrogen and the α-carbon atoms, showing how φ is 

measured. (C) A view down the bond between the α-carbon and the carbonyl carbon 

atoms, showing how ψ is measured.

https://www.ncbi.nlm.nih.gov/books/NBK22364/

Dihedral angles (torsion angles) - A measure of the rotation 

about a bond, usually taken to lie between -180° and +180°. 
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 Rotation restricted by 

steric hindrance from R-

group: the fact that two 

atoms cannot be in the 

same place at the same 

time

Ramachandran Plot of Conformational 

Space of a Polypeptide

The most favorable regions are shown in dark 

green; borderline regions are shown in light 

green. The structure on the right is disfavored 

because of steric clashes.

https://www.ncbi.nlm.nih.gov/books/NBK22364/

Not all combinations of φ and ψ are possible.

Ramachandran diagram
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Protein will be folded into Structure

https://www.ncbi.nlm.nih.gov/books/NBK22580/

Two dominant forms of local 

conformation: Alpha (α) 
helix & Beta (β) sheets 



Hydrophobic Driving Force
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Hydrophobic Driving Force
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Amino Acid Hydrophobicitiy
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 Very hydrophobic

 Less hydrophobic

http://www.russelllab.org/aas/hydrophobic.html



Amino Acid Hydrophobicitiy

27

 Partly hydrophobic

http://www.russelllab.org/aas/hydrophobic.html
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Secondary Structure - Alpha Helix

 3.6 residues/turn

 Stabilized by hydrogen bond between 

NH & CO groups of backbone

 The screw sense of a helix can be right-

handed (NC, clockwise) or left-

handed (counterclockwise).

 Essentially all α helices in proteins are 

right-handed.

http://www.bio.miami.edu/tom/courses/protected/MCB6/ch03/3-04.jpg
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 A polypeptide chain, called a β strand, in a β sheet is 
almost fully extended rather than being tightly coiled as 
in the α helix.

Secondary Structure - Beta Sheets

Structure of a β Strand

The side chains (green) are 

alternately above and below the 

plane of the strand.

Structure of a β Sheet

Formed by hydrogen bonds 

between adjacent polypeptide 

chains rather than within a single 

chain

https://www.ncbi.nlm.nih.gov/books/NBK22580/
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Secondary Structure - Beta Sheets

An Antiparallel β Sheet

Adjacent β strands run in opposite directions. Hydrogen bonds between NH and CO 

groups connect each amino acid to a single amino acid on an adjacent strand, stabilizing 

the structure.

A Parallel β Sheet

Adjacent β strands run in the same direction. Hydrogen bonds connect each amino 

acid on one strand with two different amino acids on the adjacent strand.
https://www.ncbi.nlm.nih.gov/books/NBK22580/
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 Loops are chains of amino acids that have no 

particular hydrogen bonding patterns with 

other parts of the protein 

 Usually present at the surface of the protein

 Or simply transitions between regular 

structures, but can also possess structural 

significance (e.g. active site)

Secondary Structure - Loops

A part of an antibody 

molecule has surface 

loops (shown in red) 

that mediate 

interactions with other 

molecules.

https://www.ncbi.nlm.nih.gov/books/NBK22580/
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 The tertiary structure specifies the positional relationships of all 

secondary structures

 The final 3D tertiary structure is its fold

 The primary structure determines its correct fold

 Random polypeptide sequences will almost                         

never fold into a stable ordered structure

 Within overall protein fold, distinct                                        

domains and motifs can be recognized 

Tertiary Structure – The Global 3D 

Structure
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 Noncovalent association of two or more independently folded 

polypeptides

 Refer as multisubunit or multimeric proteins

 Identical subunits: homomeric

 Different subunits: heteromeric

Quaternary Structure
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Summary: 

Four Levels of Protein Structure

http://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-biological/s21-04-proteins.html
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Molecular Visualization using PyMOL
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 Open-source visualization program

 Written mostly in Python, many plugins available

 For all desktop platforms (can compile from source 
code)

 Functions:

 Visualization in different drawing styles

 Create high-quality images of biomolecules

 Retrieve PDB directly

 Some simple measurement such as atomic distances

 Perform mutagenesis, generate polypeptide chain, structural 
comparison

 Save session, make movies, etc. 



Our Protein Today - Hemoglobin
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 Carry oxygen from 
the respiratory 
organs to the rest of 
the body 

 Release the oxygen 
to permit aerobic 
respiration to 
provide energy to 
power the functions 
of the organism in 
the process called 
metabolism.   [Wiki]



Our Protein Today - Hemoglobin
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 Use motion and small structural changes to regulate its oxygen 

binding and unbinding actions 

HIST87

http://pdb101.rcsb.org/motm/41

 As oxygen binds to the iron 
atom in the center of the 
heme, it pulls a histidine amino 
acid upwards on the bottom 
side of the heme

 This shifts the position of an 
entire alpha helix, and 
propagated on to the other 
chains, ultimately causing the 
large rocking motion of the 
two subunits



Take-Home Exercise
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 Get familiar with the 20 amino acids

 Names (3-letter code and 1-letter code)

 Properties (charged, polar, non-polar, aromatic)

 Explore these pages to help you understand amino 

acids more: 

 http://www.biology.arizona.edu/biochemistry/problem_sets

/aa/aa.html

 http://www.russelllab.org/aas/aas.html

http://www.biology.arizona.edu/biochemistry/problem_sets/aa/aa.html
http://www.russelllab.org/aas/aas.html


Lab Exercise in E11-1048
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 Introduction to the use PyMOL (~30 min)

 Try to get familiar with various functions (20 min)

 Solve the exercise questions (10 min)



Questions?

Thank You41


