TUTORIAL ANSWERS FOR PROTEIN TECHNOLOGY: Ion-exchange chromatography and Hydrophobic Interaction Chromatography.  WEEK 7.

Question 1

Referring to the diagram below, provide a brief explanation of how the interaction could have occurred between the hydrophobic ligand and the hyrdrophobic region of the protein (shaded in black), under conditions of high salt. 

(short answer)
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ANSWER

Hydrophobic interaction in HIC between non-polar solutes is postulated to occur for two reasons:

When two non-polar solutes interact, there is less surface area for the water molecules to bind to the non-polar solutes. The water molecules will move to the area of bulk water, where it is less structured, and therefore more thermodynamically favourable.

Certain ions-the ones high in the Hoffmeister series-will structure water molecules around themselves. They will then remove the shield of water molecules surrounding the non-polar solutes, leaving the hydrophobic regions of both of the non-polar solutes molecules to interact.

In the diagram, one of the non-polar solutes is an attached ligand. The other, the protein, when it interacts with this,will also be bound to the column via the ligand. In other circumstances, the protein will start to precipitate out of solution( for example,  ammonium sulphate precipitation). Take note that not all regions of the protein are hydrophobic, but only the patches on the surface that are represented by shading.

Question 2 To be submitted FRIDAY 29th August 2003. 5.00pm

In two separate experiments, a certain liver lysosyme was engineered with two hydrophobic amino acids that had been substituted for more hydrophilic amino acids, as described below:

(a) Amino acid residues were substituted near the catalytic cleft

(b) Amino acid substitutions were carried out opposite the catalytic cleft.

The products were examined on HIC and compared to the original un-substituted lysosyme. From the HIC profiles provide a plausible explanation for the result


ANSWER

The band (a) was eluted earlier than (b), which itself eluted eluted just before the original. The salt gradient is decreasing, so the stronger the interaction of the protein to the column, the lower the salt concentration to remove it. 

This means that (a) is less hydrophobic than (b), which slightly less hydrophobic than the original. The original must have a very hydrophobic patch exposed, and by the experiment, this may appear to be the enzymatic cleft. 

It seems that the amino hydrophilic amino acid substitutions near the cleft (experiment ‘a’) has caused the protein to become less hydrophobic!  One explanation could be that the folding at that site was affected, and in the process of amino acid positions becoming rearranged, the more hydrophobic residues became buried within the protein away from the surface. Also, the more hydrophilic amino acids that were buried could have become exposed. The substitutions in (b), in this instance, did not seem to have that much of an effect-perhaps because the rearrangements of amino acids due to the substitutions did not affect the hydrophobic cleft. 

One observation to make is that in both cases, two hydrophobic residues were removed, but only in (a) was the effect on the hydrophobicity of the protein much more pronounced. So it is the location of the amino acids that matter, and not always the number of hydrophobic residues on the surface. 

Question 3 To be submitted FRIDAY 29th August 2003. 5.00pm

Below is a profile of human serum obtained with HIC, under conditions of decreasing salt concentration.

(i) Given that ammonium sulphate precipitation can also precipitate protein, as is shown by the first two peaks that were eluted before the gradient is applied, explain why it is that the profile that is shown cannot be obtained with ammonium precipitation alone.

The brief answer to this is that the profile was obtained on account of the                 procedure being performed in a column. The column set up allows:

· the protein to bind 

· A gradient to be passed through

· The bound proteins to be eluted at different intervals.

(ii) Why is HIC a good technique to proceed ammonium sulphate precipitation.

          The reason is because the protein is already in a high salt solution. 

Some batch purification with AS has already occurred. The HIC can now take over to refine it.

(iii) In what order of degree of  hydrophobicity would the peaks be?

The last peak would be the most hydrophobic, while the first peak is the least hydrophobic. As the salt gradient descends, more water molecules are being released.  This is because the water molecules that surround ions high in the Hoffmeister Series like sulphate (in this case) will move to bulk water , because fewer ions are available , so fewer  the water molecules will be structured around them. The water molecules will tend to surround the hydrophobic patches of the protein and the ligand again. When enough water molecules surround the protein and the ligand, the protein will become detached. Hence it will come off. So the stronger the hydrophobic interaction, the more water molecules are required to remove the protein. This means that a much lower concentration of salt ions is required. 

(iv) At what concentration of ammonium sulphate did the last peak emerge ?  Show how you arrived at this answer.
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 SHORT ANSWERS

The last peak would have emerged at approximately an ammonium concentration of 0.30 M.  Refer to diagram.

Question 4 To be submitted FRIDAY 29th August 2003. 5.00pm

List the similarities and differences between batch ion-exchange and column chromatography ion-exchange.  Why do you think that column chromatography ion-exchange allows the formation of a gradient?

Similarities and Difference between batch ion-exchange and column ion-exchange

Similarities:

Both systems separate proteins on the basis of charge differences.

The systems involve a ligand that is attached to a matrix.

The cellulose fibers used as matrix can be used in both cases.

The procedures rely on the interaction of the protein with a ligand.

The interaction causes displacement of the ions bound to the ligand.

The ligand  Diethylaminoethlyl (DEAE) can be used in both cases.

The protein is eluted under conditions of high salt concentration.

Differences:

	Points of comparison
	Batch Ion-exchange
	Column Ion-exchange

	Operation
	In tubes
	 Column

	Matrices
	Cellulose fibers used
	Other matices are used; normally beads

	Charged groups
	DEAE mainly used
	Other charged groups are employed

	Elution
	High salt
	High salt applied as gradient.

	Protein resolution
	Poor; gives a mere crude sample
	Excellent; protein components in mixture are highly resolved.

	Protein yield
	High yield obtained
	Not as high yield.

	Time to perform
	Very quick
	Not as quick

	
	
	

	
	
	


The column set up allows the formation of a gradient because it allows a mobile phase to flow past a stationary phase. Hence, a gradient , as it is mixing in the pump, can flow along the column. The flow from the inlet, and then out from the outlet, maintains this gradient set-up. It would be very difficult to construct a gradient by letting salt from a gradient mixer flow into a beaker of fibers, as in batch ion-exchange. But in a column, the mobile buffer flows through evenly-that is, it does not mix as it is flowing in the column. This is because it has a buffer front, as it is flowing (see diagram)


[image: image3]
FRACTION VOLUME





ABSORBANCE





Original peak





Experiment (b)





Experiment (a)





Decreasing salt gradient





Changing gradient in a column





Buffer will mix.





Buffer  front.





Uneven buffer front








