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Gene Regulation

• Cells switch on different sets of genes according to their 
position and their history. So inthe pictures of the 
development of the zebra fish below (10 minutes, 1 hour, 2 
hours, 17 hours and 72 hours) at each stage different genes 
are being switched on and off.
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• The environment – in  more general terms –

can also cause genes to be turned on and off.
• So E. coli in the gut of a mammal will be 

surrounded by amino acids – from the 
mammal’s digestion of protein – and so can 
absorb them; it need not synthesise them. So it 
won’t make the enzymes for amino acid 
synthesis.
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Repressors turn genes off

Activators turn genes on

Gene regulation determines when and in 
which cells proteins are made - remember 
protein synthesis? - the proteins control 
what and when things are done in the cell, 
hence the cell’s activities are coordinated.
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• Gene regulation is best understood in Bacteria
• Bacterial genome is 106 base pairs
• This codes for about 4000 proteins – though 

only some of these are made at any one time
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Examples in E. coli

• Particular enzymes – all with a related job 
(making the enzymes to process lactose or 
making tryptophan) – are transcribed by one 
long mRNA chain

• This mRNA chain is coded from a group of 
genes called an operon

• Operons are common in bacteria but are not 
found in eukaryotes.



Slide 7 Example 1 - Lac Operon
• Synthesis of all three enzymes encoded in 

the lac operon is rapidly induced when E. 
coli cells are placed in a medium containing 
lactose as the only carbon source and 
repressed when the cells are switched to a 
medium without lactose. Thus all three 
genes of the lac operon are regulated in a 
coordinated way. The lac operon in E. coli 
provides one of the earliest and still best-
understood examples of gene control. Much 
of the pioneering research on the lac operon 
was conducted by Francois Jacob, Jacques 
Monod, and their colleagues in the 1960s.
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In the absence of lactose the DNA region i transcribes mRNA to make 
the repressor.
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In the presence of lactose it binds with the repressor and renders 
inactive enabling the operon to synthesise the enzymes required to 
process lactose.
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• RNA polymerase has to bind to a section of 
the DNA called the promoter before 
transcription  can occur

promoter

Five genes coding for the 
enzymes set – (with the 
promoter is called an 
operon )

RNA polymerase
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But there is a protein called a repressor

The repressor is made “active” by the 
presence of the molecule that the 
enzymes produce (tryptophan)
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The active repressor binds to the an 
operator - the blue portion of the promoter 
- and stops RNA polymerase binding to the 
promoter and stops transcription and the 
production of the enzymes that make 
tryptophan
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Eukaryotic Cells

In eukaryotic cells gene regulation is much 
more complex -

• There are different types of RNA polymerase (1, 
2, and 3)

• RNA polymerase requires the “help” of other 
proteins.

• Repressors and activators can have their effects 
when they  bind to DNA thousands of bps away 
from the promoter.

• Must take account of the folding of the DNA in 
the chromosome.
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PCR stands for polymerase chain reaction 

PCR requires several components 
including -

* DNA that contains the region (target) to be amplified.

* Two primers that are complementary to the DNA. 

* Taq polymerase (DNA polymerase) with a 
temperature optimum at around 70 °C.

* Deoxynucleoside triphosphates (dNTPs) the building 
blocks from which the DNA is synthesized.

*Other chemicals to provide suitable conditions for the     
reaction.
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Thermus aquaticus is a bacterium that lives in 
hot springs and hydrothermal vents, and Taq 
polymerase was identified as an enzyme able to 
withstand the protein-denaturing conditions 
(high temperature). Therefore it replaced the 
DNA polymerase from E.coli originally used in 
PCR. Taq's optimum temperature for activity is 
75-80°C, with a and can replicate a 1000 base 
pair strand of DNA in less than 10 seconds at 
72°C.
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These are a pair of short single strand sequences of nucleosides. 
These will join in a complimentary way with the separated DNA 
strands and prevent the DNA strands re-joining when they cool.

The choice of primers determines which section of DNA will be 
copied.

Slide 18 Genetic fingerprinting - restriction  
enzymes

Scientists have isolated more than 800 different restriction enzymes from 
bacteria, which altogether recognize and cut more than 100 different 
restriction sites. Most restriction sites are 4 to 6 bases long, and most are 
palindromic, meaning that the sequence reads the same forward and 
backward. HindIII, for example, recognizes the sequence 5'AAGCTT-3' 
(upper strand)/3'TTCGAA-5' (lower strand) and cleaves between the two 
A's on both strands. (Here, the upper and lower strand sequences are the 
same but reversed.) The first three letters of a restriction enzyme's name 
are abbreviations of the bacterial species from which the enzyme has 
been isolated (e.g., Eco- for E. coli and Hin- for H. influenzae), and the 
fourth letter represents the particular bacterial strain. Roman numerals 
are also used as part of the name when more than one restriction enzyme 
has been isolated from the same bacterial strain. 
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Genetic fingerprinting - 1

If two samples of DNA - made by PCR using the same primers - are the 
same and are broken up by the same restriction enzyme, the fragments 
produced will be identical. If not they will have come from different 
individuals.

Gel electrophoresis shows us if the fragment are the same or different.
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