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What is protein engineering? 

 Proteins are molecular devices, in the nanometer scale, where biological function is 

exerted. 

 Proteins are the building blocks of all cells. 

 Nature has sampled only ~1012 different possible proteins, while a 100 amino acid 

protein has 20100 potential sequence variations. 

 protein engineering is to identify specific changes in the amino acid sequence and to 

alter such sequence for desired functional properties. 

 construction of new proteins or enzymes with novel or desired functions, through the 

modification of amino acid sequences using recombinant DNA technology. 

 The sizes and three dimensional conformations of protein molecules are also 

manipulated by protein engineering. 
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Aims of protein engineering 
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Topics 
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Antibody 

maturation 
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Uricase 

 Optimise uricase as gout treatment 

 Reduce immunogenicity 

 Increase serum half-life 

• Attached PEG polymers 

– Lysine coupling 

• Optimised PEG number and length 

– Maximise improvements 

– Avoid destabilisation or activity reduction 

 

• Optimal PEG number and length 

– 10kDA polymers 

– 9 polymers per subunit of the tetramer 

• 1000x reduced antigenicity 

– Also improved solubility at neutral pH 

– Also increased serum half-life 
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Fusion proteins 

 Creation 

 Remove stop codon of first gene 

 Ligate genes together in frame 

 Include linker codons 

 Aims 

 Combine the properties of the components 

 E.g. Addition of antibody Fc  fragment to proteins increases their serum half-life 

 Co-localise the components 

 E.g. Set of enzymes that work in a reaction pathway 

 Considerations 

 Linker length and flexibility 

 Ability for proteins rotate relative to each other 

 Distance between protein components 

 Protease resilience 

 Ability for domains to fold 
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Gene 1 
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Linker Gene 1 Gene 2 



Fusion proteins 
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Affinity maturation 
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Protein engineering strategy 
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Advantage of rational protein 

engineering 

6/22/2022 ladan mafakher 18 



Workflow of computational protein 

engineering 

1 • In silico analysis and design 

2 • Gene library construct 

3 • Protein display/expression  

4 • High throughput screening/selection  

5 • Validation and characterization 

6 • Selection the most potential protein 
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Steps of rational protein engineering 

1)Retrieve 
protein 

Sequence(Unipr
ot, NCBI) 

2)Protein 
Structure 

finding 

3)Defined 
binding site 
or catalytic 

site  

4)Mutational 
strategy 

(Blosum62, Taylor) 

5)Physicochemical 
properties 

assessment(protparam) 

6)Molecular docking 

(Cluspro, Autodock) 

7)Molecular 
Dynamics 
simulation 

(Gromacs ) 

Yes 

No 
Homology 

modeling 

(swissmodel, I-

Tasser) 

Target protein 

Experiment

al assay 

Desired 

properties 

Undesired  

properties 
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1)Retrieve protein(NCBI) 

https://www.ncbi.nlm.nih.gov/protein 
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1)Retrieve protein(UNIPROT) 

https://www.uniprot.org/ 
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Protein Structure Databases 

http://www.rcsb.org/pdb/ 
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How to visualize tertiary protein structure 

Pymol(https://pymol.org/2/#opensource) , 

Chimera(https://www.cgl.ucsf.edu/chimera/downlo

ad.html ) 
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Homology modeling 

swiss model(https://swissmodel.expasy.org/) 

I-tasser(https://zhanggroup.org/I-TASSER/) 
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Mutational strategy  
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Physicochemical assessment analysis  

6/22/2022 
ladan mafakher 

27 

http://bioinf.uab.es/aggrescan/ 

https://web.expasy.org/protparam/ https://protein-sol.manchester.ac.uk/ 



Molecular docking 

Cluspro(https://cluspro.bu.edu/login.php)  
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Molecular docking Cluspro 
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Molecular docking Cluspro 
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Molecular docking Cluspro 
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Molecular docking Autodock 

(https://autodock.scripps.edu/) 
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LigPLOT 

https://www.ebi.ac.uk/thorntonsrv/software

/LIGPLOT 
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Molecular dynamics simulation 

Gromacs(https://www.gromacs.org/) 
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Workflow of computational protein 

engineering 

1 • In silico analysis and design 

2 • Gene library construct 

3 • Protein display/expression  

4 • High throughput screening/selection  

5 • Validation and characterization 

6 • Selection the most potential protein 
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