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SECTION A (80 minutes)

This section to be answered in the examination booklet provided

Question 1 (12 minutes)

A biochemist purifies protein X from a natural source and derives the purification table below:

Procedure Total volume Total Protein Total Activity
(mL) (mg) (Units)
1 Cell free extract 30 810 4300
2 Ammonium sulphate precipitation 30 690 4100
3 Dialysis 35 630 4500
lon exchange chromatography 10 150 2880
Affinity chromatography 1 5 2000

Calculate the specific activity, yield and fold purification for each of the steps (1-5) in the
purification.

Calculate the concentration of protein X (mg/mL) in the cell-free extract assuming protein
X was purified to homogeneity (100%) pure by step 5.

Suggest a test for the purity of protein X recovered from step 5.
Explain the apparent increase in activity as a result of dialysis.
Why was dialysis undertaken before the ion exchange chromatography?

For the ion-exchange chromatography (step 4) two ion-exchange resins are available:
DEAE-sepharose an anion exchanger pKa=11.0

CM-ceilulose a cation exchanger pKa = 4.0

The pl of protein X was shown experimentally to be pH 6.0 and the buffer used in dialysis
had a pH 8.3. What would be the overall charge on the protein at pH 8.3 and which resin
would be suitable for this step of the purification?

continued next page...
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SECTION A (continued)

This section to be answered in the examination booklet provided

Question 2 (8 minutes)

Give an overview of the steps involved in detemmining the full amino acid sequence of protein X.
Assume there are no physico-chemical limitations to sequencing this protein. Elaborate on the
details of sequencing peptide fragments by the Edman degradation.

Question 3 (18 minutes)

The key components of a bacterial expression system for protein X are described below:

. A bacterial expression system includes both the bacterial cell and the plasmid which
carries the gene of interest to be expressed.

. On the bacterial chromosome the coding sequence of the gene for the T7 RNA
polymerase is under the control of /Jac operon regulatory elements.

) On a plasmid we have the gene encoding the human protein X fused to a promoter that
is recognised by T7 RNA polymerase.

. This promoter on the plasmid is regulated by /ac operon regulatory elements.

a Describe the key regulatory elements provided by the /ac operon and how they enable
both positive and negative regulation of genes under their control.

b Why is it important to have a well repressed system? What exira features could be
incorporated to the bacterial expression system to enhance the repression of gene
expression when using T7 RNA polymerase?

c What growth conditions can be used to enhance repression of genes under the control of
fac operon regulatory elements? What feature of the /ac regulatory system is utilised
under these growth conditions?

d Transcription from viral promoters is very strong. Translation of human genes from these
transcripts may nonetheless be limited. What is the usual cause of inefficient translation

and what feature can be added to the hacterial expression system to enable efficient
expression of human genes?

e High level expression of proteins may result in the protein aggregating into inclusion
bodies. Inefficient disulphide bond formation has been suggested to be a cause of this
aggregation.

(i) Describe an approach used to promote disulphide bond formation that involves
modification of bacterial cells.

(i) Describe another approach used to promote disulphide bond formation that involves
addition of sequences to the plasmid.

continued next page...
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SECTION A {continued)

This section to be answered in the examination booklet provided

Question 4 (6 minutes)

You have been provided with a cell free extract containing His-tagged human protein X as a
fusion protein.

a Outline a procedure to purify the protein X fusion protein.

b Describe another protein domain tag that could improve solubility of a fusion protein made
up of the protein domain tag and protein X. What would you use to purify this fusion
protein from a cell-free extract?

c To obtain purified protein X alone {without fusion sequences) what would need to be
incorporated within the fusion protein?

Question 5 (10 minutes)

Describe the method used by the Human Genome Project Consortium to sequence the human
genome. Mention any problems with the method used.

Question 6 (8 minutes)

a Calculate the fractional charge of glutamic acid at pH 5.5.
PKa1 = 2.18; pKaz = 8.95; pKr = 4.3

It is represented in the diagram below in its fully protonated state

H

"HsN == C —= COOH

CH;

CH,

COCH

b Calculate the isoelectric point (pl) for glutamic acid

continued next page...
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SECTION A (continued)

This section to be answered in the examination booklet provided

Question 7 (8 minutes)

Outline the physico chemical basis for the separation of proteins by reverse phase
chromatography.

Question 8 (10 minutes)

Describe the principles and practice of DNA sequencing with the dideoxynucleotide chain

terminator method using PCR (polymerase chain reaction). Comment on the separation and
detection of the reaction products.
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