
Protein Synthesis

Control Mechanisms



Some proteins must be produced continuously, others are 
only needed at certain times

Function of gene is to “code” for protein

Insulin, which converts glucose to glycogen, is only made 
when needed (i.e. after a meal)

Cells evolved control mechanisms which regulate gene 
expression, by turning them on/off depending on situation

Constantly producing insulin would be a waste of energy

Control Mechanisms



“Lac” stands for lactose and operon is the part of bacteria’s 
chromosome that is involved in regulation

Since lactose is not always present, bacteria must have a 
method for regulating expression of gene that codes for ß-
galactosidase

E. coli - bacteria found in large intestines of mammals 

E. coli can produce an enzyme called ß-galactosidase, that 
breaks down lactose into simple sugars (glucose & galactose)

Known as lac operon
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But , what causes the Lac1 protein to separate?

Lac1 protein

 When it separates from operator, operon is “on”
Therefore, when Lac1 protein is attached to operator, operon is “off”

Lac operon consist of following parts:

ß-galactosidase genes

Promoter region which RNA polymerase must bind to before 
transcription can occur

•

promoter operator

• Operator region which overlaps with promoter region

• Three genes that code for enzyme ß-galactosidase

RNA Polymerase

• Lac1 protein can bind with operator represses transcription by 
preventing RNA polymerase from binding with promoter
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RNA P
oly

mera
se

RNA Polymerase

mRNA produced

mRNA produced



When all the lactose has been broken down, the Lac1 protein 
returns to its original shape. Once again, RNA polymerase is 
prevented from binding to the promoter, and transcription stops.
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While transcription occurs ß-galactosidase can be produced, 
causing the breakdown of lactose.

Lactose, from milk, binds with the Lac1 protein causing it to 
change shape. With the Lac1 protein removed, RNA polymerase 
can bind to the promoter and transcription can occur.

Lactose, from milk, binds with the Lac1 protein causing it to 
change shape.

When all the lactose has been broken down, the Lac1 protein 
returns to its original shape.



Gene regulation in eukaryotes occurs at four levels:

Type of Control Description

Transcriptional
Controls whether or not a gene is transcribed 

(DNA to mRNA)

Post-
transcriptional

Changes occur to mRNA molecule after transcription
Ex: introns removed and exon’s spliced together

Translational
Controls how often and how fast mRNA 

molecules are translated

Post-
translational

Affects rate at which a protein becomes “active” 
and how long it remains functional
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