
Protein Engineering 



               Proteins  

Å Consist of linear polymers built from series of up to 20 different L-amino acids 

Å Play central roles in biological events through interactions with cognate proteins / 
ligands : Cell signaling processes  

Å Enzymes catalyze the reactions with high specificity and efficiency in cellular  

       metabolic pathways : major components 

Å Dysfunctions : Amyloidosis (formation of fibrils), cancers by mutations (p53,  

        Ras etc.), Sickle cell anemia, lysosomal storage disorders  

 

Å Therapeutic agents  

     - Many diseases caused by mutations and loss of their functions 

     - Cancers, lysosomal storage disorders,  Alzheimer's disease etc. 

Å Industrial Biotechnology: Use of enzymes for bio-based processes 

Å Biomaterials: Biocompatible materials   

Major functional molecules  

Practical applications  



Cell signaling and protein-protein interaction network 
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      Protein-based drugs 
Å Small molecule-based drugs : Efficacy, side effect, safety  

Å Therapeutic proteins : High efficacy and safety, less toxicity  

       - Antibodies, proteins, enzymes, peptides etc.  

      ex) EPO, Interferon, Insulin, Avastin, Enbrel, Remicade, Herceptin,      

                

               EPO (Erythropoietin) : Stimulating the proliferation of red blood cells  

               Herceptin : Mab against EGFR2(Epidermal growth factor receptor 2) 
               Avastin : Mab against VEGF (Vascular endothelial growth factor) 
               Remicade, Humira: Mab against TNF-ʰ (Tumor necrosis factor- h )   
  

Å World market  

      - EPO alone : ~ $ 11  billion per year 

     -  Humira : ~ $ 9 billion per year  

      - $ 50 Billion (2007)Ą $ 190  Billion (2015) 

   Therapeutic proteins will form the back-born of future biotech market  



        Basic components 

L-amino acid 



          Peptide bond 

Planarity results from the delocalization of the lone pair  
of electrons of the nitrogen onto the carbonyl oxygen 

Torsion or dihedral angles 

Conformation of the polypeptide backbone :  
 - location in space of the three sets of atoms that are 
    linked together, namely the alpha carbon,  
    carboxyl carbon, and amide nitrogen atoms    
- Secondary structure is defined by the rotation of the  
   planar peptide units around the bonds connecting  
   the alpha carbon atoms 
- Number of conformations available to the polypeptide 
  chains are restricted by steric clashes 
- Conformational space in a two-dimensional plot of  
   ̞  and ◖ :Ramachandran diagram  



            Protein structure 

Å Primary structure: amino acid sequence 

Å Secondary structure: Polypeptides are organized into hydrogen-
bonded structures 

      Ą regularly repeating local structures stabilized by hydrogen  

          bonds. Alpha helix, beta sheet and turns 

Å Tertiary structure: the overall shape of a single protein molecule 

Å Quaternary structure: the structure formed by several subunits 



Four different levels of protein structures  

3D structure of myoglobin which was the first to have its 
structure solved by X-ray crystallography in 1958.  
A prosthetic group called a heme group (shown in gray) with 
a bound oxygen molecule (red). 


