Control of gene expression
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Totipotency and cell specialisation

All cells contain the same genes but only certain genes are expressed (switched on) in any one cell at one time.  These cells are specialised (or differentiated).
Some genes are permanently expressed in all cells e.g. enzymes involved in respiration, others are switched off and not expressed such as production of insulin is not expressed in intestine cells and other genes can be switched on or off. 

In animals specialised cells are irreversibly differentiated, so they and their daughter cells will keep their specialisation and cannot become any other kind of cell. 
How are the genes prevented from expressing themselves in cells?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
However, there are a few cells that remain undifferentiated and so can become any type of cell. These are called stem cells.

Stem cells possess two key properties:

• Potency – stem cells have the potential to differentiate into specialized cell types.

• Immortality – stem cells can divide indefinitely.

There are different types of stem cell:

• Totipotent stem cells

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

There are a few totipotent stem cells in adult animals – adult stem cells.  Where are they found?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
What diseases can they be used to treat?

__________________________________________________________________________________________________________________________________________________________
In plants there are many totipotent cells in mature plants that can be stimulated with the suitable chemicals and nutrients to develop into any other cell.  

What is in vitro development?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Multipotent stem cells can differentiate into a related family of cells (e.g. blood cells, muscle cells).

Multipotent cells are found in some tissues throughout life, so are called adult stem cells (even though they’re present in children). They are used by the body to replace and repair damaged tissue.

Complete Application and How Science Works Pages 237-239

Regulation of transcription and translation.

Genes are expressed through transcription and translation into proteins, which give cells

their functions and properties. But cells don’t express all their genes all the time. Gene expression can be switched on or off by other genes (e.g. during embryo development), by stimuli (e.g. light, injury, nutrients), or by hormones (e.g. growth hormone, oestrogen). 

Transcription is controlled by protein molecules called transcription factors.  These move in from the cytoplasm and bind to a specific region of the DNA in the nucleus which stimulates this region of DNA to begin transcription. 

When a gene is not being expressed the site on the transcriptional factor that binds to the DNA is blocked by an inhibitor molecule.

Role of oestrogen on gene transcription

Steroid hormones control protein synthesis, and they do this via transcription factors. 
For example oestrogen is secreted by the ovaries and stimulates synthesis of many proteins in target tissues such as the hypothalamus and breasts.
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1. Oestrogen is a lipid soluble molecule so crosses the plasma membrane by lipid diffusion and

enters the cytoplasm.

2. Oestrogen binds to a receptor protein in the cytoplasm to form a hormone-receptor

complex. This complex is now a transcription factor – the change in shape releases the inhibitor molecule from the DNA binding site on the transcription factor.
3. The active transcription factor diffuses into the nucleus through a nuclear pore.

4. In the nucleus the transcription factor binds to a specific base sequence on a DNA near the start of the target gene.
5. This binding stimulates RNA polymerase to transcribe genes and so stimulates protein synthesis.

The effect of siRNA on gene expression
Small Interfering RNA (siRNA) is a short, double stranded RNA molecule that can interfere with the expression of specific genes.
Large double stranded RNA molecules are cut into smaller sections (siRNA) by enzymes.  

One of the two siRNA strands combines with an enzyme and guide the enzyme to a mRNA molecule.

Here it will pair up its bases with the complementary bases on the mRNA molecule.

Describe what happens next

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Copy Fig 2 Page 241

What are the uses of siRNA in science and medicine?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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1   Figure 1 shows part of a gene that is being transcribed.

 (a) Name enzyme X.

...........................................................................................................................................

(1 mark)

(b) (i) Oestrogen is a hormone that affects transcription. It forms a complex with a receptor in

the cytoplasm of target cells. Explain how an activated oestrogen receptor affects the target cell.

...............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

(b) (ii) Oestrogen only affects target cells. Explain why oestrogen does not affect other cells

in the body.

...........................................................................................................................................

...........................................................................................................................................

(1 mark)

(c) Some breast tumours are stimulated to grow by oestrogen. Tamoxifen is used to treat

these breast tumours. In the liver, tamoxifen is converted into an active substance called endoxifen.

Figure 2 shows a molecule of oestrogen and a molecule of endoxifen.
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Use Figure 2 to suggest how endoxifen reduces the growth rate of these breast tumours.

...............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)
June 10

2.(a) Transcriptional factors are important in the synthesis of particular proteins. Describe how.

...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

(b) The flowchart shows how small interfering RNA (siRNA) affects the expression of a particular target gene.

(b) (i) The siRNA-protein complex attaches to an mRNA molecule coding for a particular protein (step 2). Explain what causes the siRNA to attach only to one sort of mRNA molecule.

....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(1 mark)
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(b) (ii) Describe and explain how expression of the target gene is affected by siRNA.

............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

(b) (iii) Scientists have suggested that siRNA may be useful in treating some diseases. Suggest why siRNA may be useful in treating disease.

............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)
June 11
Do exam questions Page 244 and application questions Page 242.
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