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Section A: SAC Questions (33 Marks)

Question 1 (10 marks)

Use of DNA Technology in the Production of Human Insulin in Cow’s Milk:

Recently, scientists genetically altered a brown bovine cow to produce human insulin in its milk. Insulin plays a
crucial role in regulating blood sugar levels, and its function is to move glucose from the bloodstream into cells for
energy. People with diabetes often require insulin, but it is expensive and not always accessible. Using DNA
technology, researchers are exploring how to increase insulin production so that it can be more readily available to
those who need it.

In order to express human insulin in bovine milk, researchers first constructed a recombinant plasmid, pREC,
which contains the human insulin (hINS) gene placed downstream of the bovine B-casein 5 gene promoter
(Figure 1). Casein is a protein found specifically in mammalian milk. The plasmid pREC also contains several
restriction enzyme recognition sites (Figure 1) and the blasticidinR and ampR genes (Table 1).
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Figure 1: Map of the recombinant plasmid, pREC, which is 12,783 base pairs (bp) in length
and was introduced into a transgenic cow. Restriction sites for the endonucleases Clal, BamHI, and Xhol,
along with their positions on the map, are shown. The restriction sites have different recognition sites
and produce sticky ends on cut DNA.

DNA Region Function
hINS Human insulin gene (with 3 exons and 2 introns)
pfcas5 Bovine S-casein 5 promoter
BlasticidinR Gene conferring resistance to blasticidin (antibiotic)
AmpR Gene conferring resistance to ampicillin (antibiotic)

Table 1: Functions of Selected DNA Regions Found in pREC

BI34 [1.0] - AOS 1 Revision - SAC 10 (JMSS) ‘ 2




G.ONTOUREDUCA'“ON VCE Biology % Questions? Message +61 440 137 387

To construct pREC, researchers performed the polymerase chain reaction (PCR) with the hINS gene and pfBcas5
promoter region. They prepared two separate reaction tubes so as not to mix up the hINS gene and the
pBcas5 promoter.

a. What is the purpose of PCR? (1 mark)

b. Describe how PCR works. (4 marks)

Name of Step Temperature (°C) Description of the Purpose for This Step

c. The two separate reaction tubes (for making multiple copies of hINS and pBcas5, respectively) contain
essential ingredients (including chemicals and/or molecules).

i. Identify two common components that are found in BOTH tubes. (2 marks)

ii. Identify two unique componentsthat are found in one tube and NOT found in the other tube. (2 marks)

d. Name the enzyme that joins hINS and pfBcas5 gene regions together in Figure (1). (1 mark)
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Question 2 (7 marks)
To verify that pREC is correctly constructed, researchers digested pREC plasmid DNA with the restriction

endonucleases Clal, BamHI, and Xhol. The digested plasmid DNA was separated by gel electrophoresis, and three
fragments (X,Y,and Z) were observed (Figure 2).
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Figure 2: Gel Electrophoresis of pREC plasmid DNA digested with Clal, BamHI, and Xhol (Lane D).
Lane L contains a DNA ladder with the indicated fragment sizes.

Note: 1 kb = 1000 bp.
a. ldentify the DNA fragment (X,Y, or Z) that contains:

i.  Human insulin (hINS) gene: (1 mark)

ii. pBcas5 promoter: (1 mark)
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b. With reference to Figure 2., explain how gel electrophoresis is used to separate DNA fragments and determine
their sizes. (3 marks)

c. After confirming that pREC was correctly constructed, researchers introduced pREC into bacterial cells.
Describe how bacterial cells that were transformed with pREC were identified from those that did not take in
the pREC plasmid. (2 marks)
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Question 3 (5 marks)

Milk is produced by the mammary glands in mammals. To produce human insulin in cows' milk, scientists
genetically modified bovine mammary cells so that they contained a copy of pREC. Nuclear DNA from these cells
was transferred into embryos. The embryos were implanted into surrogate cows. A transgenic calf was born
(Figure 3), and upon maturity, scientists detected human insulin in its milk.
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Figur@ 3. Twnnsge,nio bovine calf genetically
modified o produce human insalin.

a. Describe the features of the genetic code that allow usto take the insulin gene in humans and put it into cows
to make the same protein. (2 marks)

b. Inan individual who does not have diabetes, the human insulin gene is regulated by its own promoter and is
only expressed in pancreatic cells. With reference to the structure of pREC (Figure 1) and its components

(Table 1), explain the key components of pREC that enable the transgenic cow’s mammary cells to produce
milk containing insulin. (3 marks)
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Question 4 (7 marks)

Transcription of the human insulin gene in transgenic bovine cells begins in the nucleus (refer to Figure (1) and
Table (1)). Insulin protein synthesis is initiated by translating insulin mRNA in the cytoplasm to produce the

polypeptide called preproinsulin.

a. Before the export of insulin mRNA into the cytoplasm, describe the modifications that occur in the nucleus.

(3 marks)

b. Identify the organelle where translation occurs. (1 mark)
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c. Preproinsulin undergoes post-translational modifications and is converted into proinsulin. Proinsulin is
eventually secreted out of the cell.

i. Identify the organelle in which preproinsulin is converted to proinsulin. (1 mark)

ii. ldentify the structure in which proinsulin is transported within the cell. (1 mark)

iii. Identify the process by which proinsulin is secreted out of the cell. (1 mark)

Space for Personal Notes
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Question 5 (4 marks)

The scientific community has raised several ethical issues related to the use of transgenic cows to produce human

insulin. For each comment raised below, indicate ONE ethical concept that best describes the type of

implication/issue. Each concept may only be used ONCE.

Comments and Questions Raised by Individuals

Ethical Concept

With regard to mass-producing insulin in milk, there is a need for
specialised, expensive high-health-status facilities for the production
of insulin.

Genetic engineering has so much potential for significant
advancements in how we understand, diagnose, and treat diseases.
This study highlights the promise this field has in applications for

improving human health.

Producing insulin in bacteria (e.g., E. coli) and yeast is more humane
and does not require the use of embryos or transgenic animals.

We need to stop exploiting animals.
Leave the cows and their bodies alone!

Space for Personal Notes
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