Lac operon

This operon is an example of both regulatory actions and a switch. This is an inducible system of gene expression. Although this is a natural process, synthetic biology could benefit from fully understanding it and embracing it as a useful means of controlling cells and having them work when we, as engineers, desire that effect (use the toggle through regulation as is currently done in the cell but between two new modes or finding a new way).
Because we are trying a novel idea in the minds of humans but one that has a complement in nature, we can use nature’s plans as templates, or original designs that can be tweaked as we desire. Specific, beneficial functions already exist in nature. One subtopic of synthetic biology may be to study how to revamp such functions to perform as humans wish. 
Promoter, terminator, and operator. 

Transports and metabolizes lactose in bacteria. 

Regulated by availability of glucose and lactose

lacZ gene: beta-galactosidase, cleaves lactose into glucose and galactose: intracellular

lacY gene: beta-galactoside permease, membrane transport protein pumps lactose into the cell

lacA gene: beta-galactoside transacetylase, enzyme that transfers acetyl group from acetyl-CoA to beta-galactosides. (doesn’t appear necessary for lactose catabolism)

Operon: oriented in the same direction immediately adjacent on the chromosome and are co-transcribed into a single polycistronic mRNA. 
Lactose Repressor is constitutively on. It binds tightly near the lacZ, lac operator. When lactose is present, its metabolite, allolactose, binds to the repressor. 

IPTG: inactivates lac repressor, isn’t metabolized by E. coli, concentration remains constant

Best way to control expression: regulate transcription 
The lac operon. In the absence of lactose, the repressor protein encoded by the I gene binds to the lac operator and prevents transcription. Binding of lactose (and its relatives) to the repressor causes it to leave the operator. This enables RNA polymerase to transcribe the three structural genes of the operon. The single mRNA molecule that results is then translated into the three proteins.

The repressor binds to DNA via ionic interactions and hydrogen bonds. Once bound, it can move along the DNA until it finds the operator sequence. An allosteric change in tertiary structure allows the repressor to bind with the operator sequence. When lactose binds to the repressor, another change occurs which stops the bonding of the repressor to the DNA. 

Adding lactose:

Releases the repressor from the operator, and
Allows transcription of the lac operon into a single molecule. 

Positive control of the lac operon: CAP

CAP: Catabolite Activator Protein

CAP is a DNA-binding protein which can only bind to DNA when cAMP is already bound. Even in the absence of the repressor, RNA polymerase cannot begin to work if cAMP levels in the cell are low. 

For the lac operon to be transcribed, there needs to be the CAP and a lack of the lac repressor. As more cAMP is added, the inducer binding to the lac repressor increases (allowing transcription). cAMP increases naturally when glucose levels fall. 

cAMP can initiate transcription when a cAMP-CRP (cAMP Receptor Protein) complex. This binds to the lac operon just upstream of the RNA polymerase binding region. Complex binding increases RNA polymerase activity by 20-50 fold.
http://web.indstate.edu/thcme/mwking/gene-regulation.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/L/LacOperon.html

