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SECTION A (70 minutes)

This section to be answered in the examination booklet provided

Question 1 {11 minutes)

A biochemist discovers and purifies an enzyme, generating the purification table below;

Procedure Tota(lrrF:gr?tein Tot(aLIJ:it:;i)vity
Crude extract 20,000 4,000,000
Q:‘;‘;’i;{t‘;‘:g‘ns(‘gggate 4,000 1,000,000
2:1?2::1yatography 50 750,600

Calculate the overall yield, fold purification and final specific activity of the enzyme
achieved by the purification (ie after procedure 4). (3 minutes).

Suggest and describe an experimental method to remove the salt from the protein
solution after procedure 2 and prior to procedure 3. (2 minutes).

Suggest two experimental methods that could be used to estimate the purity of the
enzyme after procedure 4. (2 minutes).

The enzyme is pure after procedure 4.

i Calculate the mass of enzyme (mg) present in the crude extract (1 minutes).

(ii) Calculate the mass of enzyme (mg) lost in the purification (1 minute).

Describe two methods by which protein bound to an anion exchanger can be eluted
(2 minutes).
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SECTION A (continued)

This section to be answered in the examination booklet provided

Question 2 (10 minutes)

a. Describe the physico chemical basis of Reverse Phase Chromatography (RPC) in the
separation of proteins and peptides. (8 minutes)

b. Does RPC lend itself to the purification of proteins in a native conformation? Please
explain your reasoning. {2 minutes)

Question 3 (10 minutes)

Describe ONE of the following approaches to determine the draft sequence of the human
genome.

(i)  the Whole Genome Shotgun approach.used by Celera.

(i)  the Clone by Clone Approach used by the Human Genome Project Consortium.

Question 4 (10 minutes)
Describe ONE of the following approaches to the isolation of genes responsible for disease.
(i) Direct or Functional Approach

(il  Positional Approach
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SECTION A (continued)

This section to be answered in the examination booklet provided

Question 5 (10 minutes)

a.  Calculate the net fractional charge of Lysine at pH 8. (8 minutes)
(pKa1=2.18, pK,2 = 8.95, pKar = 10.53)

?00“
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Lysine

b.  Calculate the isoelectric point (pl) for Lysine. (2 minutes)

Question 6 (9 minutes)

a.  Given a cell free extract of bacteria containing an over-expressed hexahistidine-(His-
tagged) proinsulin fusion protein, describe how you would purify proinsulin.
(6 minutes)

b.  Suggest an alternative domain fusion or sequence you could use, instead of the His
tag, and how the expressed fusion protein would be purified from the cell free extract.
(4 minutes)

Question 7 {10 minutes)

a.  You have been provided with a pure protein. Describe the procedure used to prepare
this sample for sequencing by Edman degradation. There is no need to describe the
process of Edman degradation. (8 minutes)

b.  How is the amino acid sequence information derived from Edman degradation of
fragments used to generate the sequence of a protein. (2 minutes)

521-220 - Techniques in Protein & Gene Technology continued next page...
Semester 2 — 2004 Page 4 of 11



STUDENT NUMBER;
SECTION B (30 minutes)

This section to be answered on the examination paper

Question 1 (20 minutes)

Refer to the following passage on PCR-Based Cloning Strategy. Various words, names, standard
biochemical terms and abbreviations or figures have been deleted to a total of 20 gaps. You are asked to
provide the most appropriate filling for each gap (i.e. numbers in square brackets) on the Question 1
ANSWER SHEET provided. The filling must be taken from the list provided on the next page.

Note:

(a) Different gaps may have an identical filling.

(b) Provide only one number to represent the filling for each gap. You will receive no marks for any
gaps which contain alternative answers.

(c} All gaps are worth 1 mark each.

PCR-Based Cloning Strategy
An alternative approach to traditional cloning commonly employs the polymerase chain reaction (PCR) as
an efficient means to [1] foreign DNA. Five basic experimental components are required for PCR, which
are the DNA template, Taq polymerase, primers, a PCR machine, and excess amounts of [2]. The first
step in the following PCR-based cloning strategy is to isolate [3] from a cell or tissue preparation. This
molecule is then reverse transcribed into [4]. Following reverse transcription, the size of the resuiting
DNA prodﬁct can be determined using [8], which is a technique used to separate DNA molecules upto2
kbp. Altermatively, if the DNA product is larger than 2 kbp and no bigger than 20 kbp, the technique of [6]
can be employed to estimate the size of the DNA product. [7] blotting can also be used to identify the
correct DNA product. This blotting technigue commonly employs a nylon membrane and a RNA or DNA
[8]. which is complementary to the gene of interest and radioactively labelled, therefore enabling
detection of the product via [9]. The next step in the cloning strategy is to select a vector. There are four
common vectors used to clone foreign DNA molecules. These are bacteriophage A, cosmids, plasmids
and [10]. Plasmids can accept foreign DNA inserts up to approximately [11] kbp, whilst [12] can accept
inserts up to 45 kbp. In comparison, the bacteriophage A vector can accept DNA inserts, provided that
the clone vector (i.e. vector + insert) is between [13] % to 105% of the original genome size. If a plasmid
vector is selected, the foreign DNA molecule will then be ligated into the vector using the enzyme [14]
and the cofactors Mg®* and ATP. The next step is to [15] the vector into competent host cells using
either electroporation or [16] treatment. The host cells containing the vector with an insert can then be
selected. This is commonly achieved using blue/white selection by plating the host cells (e.g.
Escherichia coli) on a LB plate containing antibiotic, IPTG and the chromogenic substrate abbreviated as
[17). The host cells containing a vector with an insert will appear as [18] colonies on the plate.
Screening for the clone of interest can then take place, which is achieved by employing a radioactive
DNA probe which [19] to the gene of interest. The final step in the PCR-based cloning strategy is to
propagate the clone of interest by growing the transformed cells in culture. At all stages in the PCR-
based cloning strategy, including propagation, [20] must be employed to avoid contamination with air-
borne microorganisms and particles.
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