
Why purify a protein? 

• To study its function 

• To analyze its physical properties 

• To determine its sequence 

• For industrial or therapeutic applications 

Protein Purification 
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A Systematic Approach to Purification Development - 
Summary 

• Develop assay methods 

• Set the aims (purity and quantity) 

• Characterize the target protein 

• Use different separation principles 

• Use few steps 

• Limit sample handling between purification steps 

• Start with high selectivity - increase efficiency 

• Remove proteases quickly 

• Reduce volume in early step 

• Keep it simple!   











Properties exploited to purify a protein  

• Thermostability 
• Boiling experiment 

• Solubility 
• Salt-in/salt-out 

• Size    
• size exclusion (gel filtration) chromatography 

• Charge 
• Ion exchange chromatography 

• Affinity 
• Affinity chromatography 

• Hydrophobicity 
• Hydrophobic chromatography 



Optimum temperatures of bacterial endoglucanases  





Basic Principles of Protein Purification 

Ammonium sulfate fractionation 

Cell Organelle 
Homogenization 

Macromolecule 

Nucleic  
Acid Carbohydrate Lipid 

Size Charge Polarity Affinity 

Small molecule 
Cell  

Debris Protein 
Amino acid, Sugar, 

Nucleotides, etc  

Gel filtration, 

SDS-PAGE, 

Ultrafiltration 

Ion exchange, 

Chromatofocusing, 

Disc-PAGE, 

Isoelectric focusing 

Reverse phase 
chromatography, 

HIC, 

Salting-out 

Affinity 
chromatography, 

Hydroxyapatite 
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The following techniques listed in each box can be used to separate proteins based upon the following characteristics: 

(GF) (IEX) (HIC) (AC) 





Separation by Size: Dialysis   
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Separation by Affinity: AC   





• His tag 
– Most commonly used.   

– Small 

– Fast and tight binding 

– Resin cost effective and reusable 

– But doesn’t help folding 





Proteases (recognize specific sequence) used to remove tags 

• Thrombin 
 
 
 
 
 
 

 
• Tev protease 

 
• PreScission -  the new fashion, 3C protease  

• Thrombin is a serine protease (uses serine  cleave the peptide).  

• Designed to perform the specific cleavage needed to activate fibrinogen, 
without digesting all the other important proteins in the blood.  

• Highly specific. 

• Cleavage site (Leu-Val-Pro-Arg-Gly-Ser) 

 

• A genetically engineered fusion protein of glutathione S-transferase (GST) 
and human rhinovirus (HRV) type 14 3C protease (1) with a molecular 
weight of approx 46kD. 

• Enables the low-temperature cleavage of fusion proteins containing the 
PreScission™ Protease recognition sequence. 
 • Recognition site:  

  Leu-Glu-Val-Leu-Phe-Gln-Gly-Pro. 
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Linking Chromatography Techniques into a 
Purification Protocol - General Rules  

• Combine techniques with complementary 
selectivities (e.g. IEX, HIC and GF). 
 

• Minimize sample handling between 
purification steps (e.g. concentration, 
buffer exchange). 
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Linking Chromatography Techniques 

Technique End conditions Start conditions 

Small sample volume GF Diluted sample 

Buffer change (if required) 

Low ionic strength IEX High ionic strength or 

pH change 

High ionic strength HIC Low ionic strength 

Specific binding conditions AC Specific elution conditions 
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G Protein Receptor Kinase Purification 

Technique 

Ppt 

HIC 

AIEX 

CIEX 

AC 

Purification 

     factor 
Comment 

7 

20 

2408 

18647 

•  All buffers contain  

 protease inhibitors 

 

•  All purifications done at +4o C 

•  Removal step, main  

 contaminant is bound 

•  Elution buffer is used as    

 starting buffer for next column 

•  10 mg homogenous protein 

 obtained 

A. Tobin et al. (1996) 

J. Biol. Chem. 271, 3907-3916 

Porcine cerebella 

homogenate 

RESOURCE Q 

Ammonium sulfate 

precipitation 

Butyl Sepharose 

Fast Flow 

RESOURCE s 

HiTrap Heparin 


