
Protein engineering  
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Why bother with recombinant fusion protein 
or protein engineering? 

 

1. to minimize proteolysis.  

2. for efficient and selective purification.  

3. to optimize translation efficiency. 

4.  

 

for different applications: 

antibody production, biochemical 

experiments, structural biology, industrial 

usage. 
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Protein biotechnology or engineering 

Definition: 

  Deliberate design and production of proteins with 

novel or altered structure and properties, that are not 
found in natural proteins.  

 

• To study protein structure and function 

• Applications in industry (enzymes) and medicine (drugs) 

-- New and improved proteins are always wanted. 

Example: Extremophilic proteins have been found in nature 
(temperatures, salt concentrations, pH values) could be useful. 
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Outline 

1. Why bother with recombinant fusion protein 
or protein engineering? 

2. Principle in recombinant protein expression 

3. Things need to be considered for recombinant 
protein expression 

 a. How to produce? 

 b. How to make an expression recombinant DNA 
construct? 

 c. Where to express? 

 d. Difficulties (protein expression problems) 
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Applications 

Functional Studies 

Enzymatic Assays 

Protein-protein interactions 

Protein Ligand Interactions 

Structural Studies  

   Protein Crystallography & NMR Structure Determination 

Target Proteins for Rational Drug Design 

Therapeutic Proteins – Preclinical Studies 





There are two general strategies for protein 

engineering, rational design(site directed 

mutagenesis) and directed evolution. 
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A typical directed-evolution experiment 

involves three steps: 

1- Diversification: The gene encoding the protein of interest is mutated 

and/or recombined at random to create a large library of gene variants. 

Techniques commonly used in this step are PCR 

 

2- Selection: The library is tested for the presence of mutants (variants) 

possessing the desired property using a screen or selection. Screens enable 

the researcher to identify and isolate high-performing mutants by hand, 

while selections automatically eliminate all nonfunctional mutants. 

 

3- Amplification: The variants identified in the selection or screen are 

replicated many fold, enabling researchers to sequence their DNA in order to 

understand what mutations have occurred 
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Principle in recombinant protein expression 

Bioinformatics  
Target identification and cloning 

Protein expression test 
Protein purification and production 

Applications 
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Things need to be considered for recombinant 
protein expression 

1. How to produce? 

 choose for protein expression system (vector and 

host) 

2. How to make an expression recombinant DNA 

construct? 

 translational or transcriptional fusion, promoter use  

3.  Where to express? 

 cytosol, periplasm, secretion, inclusion body 

4.   Difficulties (protein expression problems) 
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Which host cell expression system? 

• E. Coli 

• Yeast 

• Insect cells 

• Mammalian cells 

• Cell free 
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Choose of protein expression system  
The KEY idea is the cloned gene must be transcribed and  

translated most efficiently. 

Expression vector: MAXIMIZE GENE EXPRESSION. 

Host: MINIMIZE TURNOVER OF GENE PRODUCTS 

(preventing proteolysis in vivo in E. coli).  

---- Use protease deficient mutants as hosts. 

Lon -  a major ATP-dependent protease in E. coli. Has 
 broad specificity for unfolded or misfolded 
 proteins in vivo. lon mutants - pleiotropic, but 
 two main phenotypes - mucoidy and UV 
 sensitivity.  

ompT - an outer membrane localized protease. Cleaves 
 at paired basic residues. 

degP - periplasmic protease - could inactivate some 
 secreted proteins. 
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• BL21(DE3) strain 

18 



19 



 

    Increase selectivity of  

      protein purification: 

  (Gene fusion strategies) 
 

     Most target protein lack a suitable  

Affinity ligand usable for capture on  

a solid matrix. A way to circumvent this  

obstacle is to genetically fuse the gene  

encoding the target protein with a gene 

encoding a purification tag. When the  

chimeric protein is expressed, the tag 

allows for specific capture of the fusion  

protein. This will allow the purification  

of virtually any protein without any prior 

knowledge of its biochemical properties. 
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Advantages and disadvantages for 

using tags in fusion proteins 

Plus factors: 

       (1)improve protein yield  (2) prevent proteolysis (3) 
facilitate protein refolding (4) protect the antigenicity of 
the fusion protein and (5) increase solubility  

 

Minus factors: 

      (1) a change in protein conformation (2) lower protein 
yields (cleavage may not be complete) (3) inhibition of 
enzyme activity (4) alteration in biological activity (5) 
undesired  flexibility in structural studies (6) 
cleavage/removing the fusion partner requires expensive 
protease (Factor Xa, enterokinase) and (7) toxicity.  

21 



Commonly used affinity tag system in 
recombinant protein expression: 

1. expression and purification of maltose-binding 
protein fusions. (provides a factor Xa cleavage site). 

 

2.  expression and purification of Glutathione-S-
transferase fusion proteins. (contains either a 
thrombin cleavage site, a factor Xa cleavage site, or 
an Asp-Pro acid cleavage site). 

3.  expression and purification of thioredoxin fusion 
proteins. (provides an enterokinase cleavage site). 

4.  expression and purification of 6X His-tagged 
proteins.  
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Where to express the recombinant proteins? 

1. Direct expression (cytosol):  E. coli cytoplasm is a reducing 
environment - difficult to ensure proper disulphide bonds 
formation.  

 

2. Fusion expression (inclusion body?): Ensures good 
translation initiation. Can overcome insolubility and/or 
instability problems with small peptides. Has purification 
advantages based on affinity chromatography.  

 

3. Secretion (periplasm or medium): a fusion alternative when 
proteins are fused to peptides or proteins targeted for 
secretion. Periplasm offers a more oxidizing environment, 
where proteins tend to fold better. 
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General problems with heterologus gene 

expression  

(a) Not enough protein is produced:  

 
(b) Enough protein is produced, but it is insoluble: 

 

 

The KEY idea is to slow down the expression rate of  

protein. 
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Insolubility of proteins produced in E.coli  

Inclusion bodies.  

   Dense particles, containing precipitated proteins. 

Their formation depends on protein synthesis 

rate, growth conditions.  

   Advantages: proteolysis resistant, big yield, 

relatively pure, easy to separate.  

   Disadvantages: inactive product requires in 

vitro refolding and renaturation 
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Refolding of recombinant proteins 

Solubilisation:  
 High T 0 C, detergents, high concentration of inorganic salts or organic  

 solvents all used. The most commonly used organic solutes such as  

 urea or guanidine-HCl often used in the presence of reducing agents 

(mercaptoethanol or DTT). Solubilized proteins can be purified by ion- 

 exchange chromatography or other conventional methods, prior to 

 refolding. 

 

Refolding: 
 If no S-S bonds present - remove denaturing agent to allow protein to 

 fold correctly. If S-S bonds present - their formation can be  

 accomplished: by air oxidation, catalysed by trace metal ions; by a  

 mixture of reduced and oxidized thiol compounds - oxidized DTT,  

 reduced DTT; GSSG/GSH; cystine and cysteine, cystamine and 

 cysteamine.  
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