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MODULE 4:  ISOLATION OF RECOMBINANTS PROTEINS BY  
AFFINITY CHROMATOGRAPHY  

Recombinant proteins are important, e.g. in the food industry and in the pharmaceutical industry. 

An example for a recombinant protein is the enzyme β-Galactosidase. It is made in huge 

amounts by bacterial cells and is used to produce milk without milk sugar (lactose). When you 

treat milk products with the enzyme lactase before eating or drinking, people with lactose-

intolerance can also enjoy milk products. 

Other proteins, for example insulin, growth factor, blood clotting factors or antibodies can be 

produced and purified in a similar biotechnological way as it is described below.  

In this experiment we will isolate recombinant β-galactosidase from E. coli (BL21) cells. In a first 

step we have to separate the protein of interest from other proteins and cell-components. This is 

possible because of its recombinant quality – the enzyme β-galactosidase is genetically modified 

and has a little tag of 6 histidin amino acids.  

Because of the (6x)His-tag the protein has a high affinity to NiNTA-Agarose. We are using this 

material to isolate recombinant β-Galactosidase in a biochemical way. This process is known as 

affinity chromatography.  

In a second step we will control the purity and the activity of the isolated enzyme using 

polyacrylamid-gel electrophoresis and different enzyme-assays.  

The following questions should be answered today:  

• What are recombinant proteins and how are they used?  

• How can you easily modify proteins for their isolation?  

• How does the affinity chromatography work?  

• Which reaction is catalyzed by the enzyme β-galactosidase?  

 

 

 

Important: Always label your Eppis carefully, otherwise you will lose your samples! 

The pipettes: 
1000µL pipette (blue): please use blue tips and only pipette 100-1000 µl  

200µL pipette (yellow): please use yellow tips and only pipette 20-200 µl 

20µL pipette (yellow): please use yellow tips and only pipette 2-20 µl 

Legend:  

 Instructions           Additional information  Questions  
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Step 1: Lysis of the bacterial cells  

The lysis of the bacterial cells can simply be done by freezing and thawing. The E. coli strain has 
an additional plasmid that harbors the gene for the enzyme lysoszyme which is able to destroy 
the E. coli cell wall.  

The samples (lysate of the bacterial cells) are in a 2 mL-eppi. Centrifuge the samples at 
10.000 g for 10 min to remove larger cellular components. Transfer the supernatant 
(mixture of cellular proteins) into a new eppi (1,5 mL) and label it with an “L” for lysate.  

β-galactosidase is a soluble protein and remains in the supernatant after 
centrifugation. Other big or insoluble cell-components are pelleted.  

We want to analyze different fractions from the affinity chromatography by polyacrylamid-
gel electrophoresis. That is why you should save 30 µL of the lysate in a new labeled 
eppi.  
 

Step 2: Preparing the affinity chromatography  

The affinity chromatography is a technique to separate recombinant proteins from other proteins 
or components of the cell.  

Before starting the affinity chromatography one should label several eppis to collect the 
different fractions that run over the column.  

eppi-volume abbreviation fraction  

2 mL  E  After equilibration of the column. 

2 mL  

F 

F= flow 

 

The fraction after pouring the bacterial lysate over the 
column is called the flow-through. Compared to the lysate, 
proteins with affinity to the column material are not (or less 
concentrated) in this fraction.  

1,5 mL  
W1 

W1=wash 1  

We have to wash the column to remove proteins that bind 
unspecifically to the column material.  

1,5 mL  
W2 

W2=wash 2 
see above  

1,5 mL  
W3 

W3=wash 3 
see above  

1,5 mL  
E1 

E1 = elution 1 

We apply a special buffer to elute the protein of interest in 
this fraction.  

1,5 mL  
E2 

E2 = elution 2 
see above  

1,5 mL  
E3 

E3 = elution 3 
see above  

 

Step 3: Assembly and preparation of the column for the affinity chromatography  

 Fix the column in a way that you can place the eppis under your column.  

Make sure that the plug is on the column. Pipette 500 µL of the NiNTA-Agarose-
Suspension into the column (use the pipette with the blue tips). Remove the plug and 
collect the buffer in the eppi “E”.  

NiNTA-Agarose is the affinity material. Because of the (6x)His-tag on the 
recombinant protein it will bind to it.  

Concerning the following steps: When a certain solution has run through the 
column you can close it with the plug. Then you have enough time to load the next 
solution without risking that the column runs completely dry.  
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Step 4: Equilibration of the column  

 Pipette 2 mL of the lysis buffer on the column. Collect the buffer that runs through in the 2 
mL eppi labeled with an E.  

The bacterial cells are dissolved in lysis buffer by freezing and thawing. That 
means also, that the whole cell lysate is dissolved in the lysis buffer now. For the 
effective binding of the β-galactosidase to the material of the column it is important 
to have the column material in the same buffer.  

Step5: Loading the column with cell-lysate   

After the lysis buffer has completely run through the column, pipette 2 mL of the cell 
lysate on the column (do not forget to first transfer 30 µL of the lysate into the eppi “L”  for 
later analysis!). This fraction is collected in the eppi F.  

The collected cell-lysate is once more run over the column and is now collected in eppi D.  
The recombinant protein binds with a high affinity to NiNTA-Sepharose.  

Excursus: affinity chromatography  

The biochemical basis of the affinity chromatography is the ability of the proteins to binding 
reversibly to certain molecules. We use the immobilized metal chelate affinity chromatography. 
The protein of interest binds to the bivalent metal ions (Ni2+).  

Metal chelate complexes consist of a metal ion in the center and several ligands that bind non- 
covalently. An example for such a ligand is the side chain of the amino acid histidin.  

The affinity material of the column:  

 

Chelating ligands (NTA: Nitrilotriacetate in our case) are immobilized on Sepharose-beads. 
NTA binds Ni leaving two positive charges for binding of another molecule.  

These immobilized Ni2+-ions  can now bind the histidins of a polypeptide. If only a single 
Histidin of a protein binds to Ni2+ the complex will be unstable. If a protein has several adjacent 
histidins, the complex will be stronger.  

Proteins that bind with a high affinity to the matrix of the column cannot be washed out with a 
buffer containing small amounts of imidazole, the side chain of histidin. Proteins with a His-tag 
can be eluted after several washing-steps using a buffer with a higher concentration of 
imidazole. Imidazole competes for the metal binding sites and the protein of interest is 
released.  

When you know the DNA-sequence of your protein gene, you can modify it genetically with a 
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Step 6: Washing the column  

Wash the column 3 times with wash buffer (WB). Pipette 1000 µL of fresh wash buffer on 
the column and collect the fractions in eppi W1. Repeat twice and collect eppis W2 and 
W3.  

Proteins of the cell-lysate that bind only with a low affinity or even unspecifically to 
the column are washed down by these steps. The recombinant β-Galactosidase 
with its His-tag still binds to the column material.  

Step 7: Elution  

Elute 2 times with 500 µL elutionbuffer (EB). Collect the fractions in the eppis E1 
and E2. After finishing these steps it is important to place the eppis on ice 
immediately.  

The buffer contains a high concentration of imidazole that competes for the 
metal binding sites. The His-tag of the recombinant β-galactosidase is 
removed from the Ni2+ ions. That is why the whole protein is released.  

Important!!!  

Do not throw the NiNTA-Sepharose away! This material is very expensive. We 
collect the column material, recycle it and use it again.  

What is contained in the fractions W1-W3?  
          

          

     

 
What is contained in the fractions E1-E2? What can we say about the 
amounts of certain proteins? 

          

          

     

Step 7: Preparing samples for the SDS-PAGE 

Since the protein gels take only a limited number of samples we have to discuss which 
fractions we will use for further analysis.  

Transfer then 30 µL of each selected fraction into a new eppi and label it.  

 


