Chapter 12 

The Operon

12.1 Introduction

12.2 Regulation Can Be Negative or Positive

· In negative regulation, a repressor protein binds to an operator to prevent a gene from being expressed.

· In positive regulation, a transcription factor is required to bind at the promoter in order to enable RNA polymerase to initiate transcription.

12.3 Structural Gene Clusters Are Coordinately Controlled

· Genes coding for proteins that function in the same pathway may be located adjacent to one another and controlled as a single unit that is transcribed into a polycistronic mRNA.

12.4 The lac Genes Are Controlled by a Repressor

· Transcription of the lacZYA gene cluster is controlled by a repressor protein that binds to an operator that overlaps the promoter at the start of the cluster.

· The repressor protein is a tetramer of identical subunits coded by the gene lacI.

12.5 The lac Operon Can Be Induced

· Small molecules that induce an operon are identical with or related to the substrate for its enzymes.

· ß-galactosides are the substrates for the enzymes coded by lacZYA.

· In the absence of ß-galactosides, the lac operon is expressed only at a very low (basal) level.

· Addition of specific ß-galactosides induces transcription of all three genes of the operon.

· The lac mRNA is extremely unstable; as a result, induction can be rapidly reversed.

· The same types of systems that allow substrates to induce operons coding for metabolic enzymes can be used to allow end-products to repress the operons that code for biosynthetic enzymes.

12.6 Repressor Is Controlled by a Small Molecule Inducer

· An inducer functions by converting the repressor protein into a form with lower operator affinity.

· Repressor has two binding sites, one for the operator and another for the inducer.

· Repressor is inactivated by an allosteric interaction in which binding of inducer at its site changes the properties of the DNA-binding site.

12.7 cis-Acting Constitutive Mutations Identify the Operator

· Mutations in the operator cause constitutive expression of all three lac structural genes.

· These mutations are cis-acting and affect only those genes on the contiguous stretch of DNA.

12.8 trans-Acting Mutations Identify the Regulator Gene

· Mutations in the lacI gene are trans-acting and affect expression of all lacZYA clusters in the bacterium.

· Mutations that eliminate lacI function cause constitutive expression and are recessive.

· Mutations in the DNA-binding site of the repressor are constitutive because the repressor cannot bind the operator.

· Mutations in the inducer-binding site of the repressor prevent it from being inactivated and cause uninducibility.

· Mutations in the promoter are uninducible and cis-acting.

12.9 Multimeric Proteins Have Special Genetic Properties

· Active repressor is a tetramer of identical subunits.

· When mutant and wild-type subunits are present, a single lacI–d mutant subunit can inactivate a tetramer whose other subunits are wild-type.

· lacI–d mutations occur in the DNA-binding site. 

· Their effect is explained by the fact that repressor activity requires all DNA-binding sites in the tetramer to be active.

12.10 The Repressor Monomer Has Several Domains

· A single repressor subunit can be divided into the N-terminal DNA-binding domain, a hinge, and the core of the protein.

· The DNA-binding domain contains two short -helical regions that bind the major groove of DNA.

· The inducer-binding site and the regions responsible for multimerization are located in the core.

12.11 Repressor Is a Tetramer Made of Two Dimers

· Monomers form a dimer by making contacts between core domains 1 and 2.

· Dimers form a tetramer by interactions between the oligomerization helices.

12.12 DNA-Binding Is Regulated by an Allosteric Change in Conformation

· The DNA-binding domain of each monomer within a dimer inserts into the major groove of DNA.

· The hinge helix inserts into the minor groove of operator DNA.

· Active repressor has a conformation in which the two DNA-binding domains of a dimer can insert into successive turns of the double helix.

· Inducer binding disrupts the hinge helix and changes the conformation so that the two DNA-binding sites are not in the right geometry to make simultaneous contacts.

12.13 Mutant Phenotypes Correlate with the Domain Structure

· Different types of mutations occur in different domains of the repressor subunit.

12.14 Repressor Protein Binds to the Operator

· Repressor protein binds to the doublestranded DNA sequence of the operator.

· The operator is a palindromic sequence of 26 bp.

· Each inverted repeat of the operator binds to the DNA-binding site of one repressor subunit.

12.15 Binding of Inducer Releases Repressor from the Operator

· Inducer binding causes a change in repressor conformation that reduces its affinity for DNA and releases it from the operator.

12.16 Repressor Binds to Three Operators and Interacts with RNA Polymerase

· Each dimer in a repressor tetramer can bind an operator, so that the tetramer can bind two operators simultaneously.

· Full repression requires the repressor to bind to an additional operator downstream or upstream as well as to the operator at the lacZ promoter.

· Binding of repressor at the operator stimulates binding of RNA polymerase at the promoter but precludes transcription.

12.17 Repressor Is Always Bound to DNA

· Proteins that have a high affinity for a specific DNA sequence also have a low affinity for other DNA sequences.

· Every base pair in the bacterial genome is the start of a low-affinity binding-site for repressor.

· The large number of low-affinity sites ensures that all repressor protein is bound to DNA.

· Repressor binds to the operator by moving from a low-affinity site rather than by equilibrating from solution.

12.18 The Operator Competes with Low-Affinity Sites to Bind Repressor

· In the absence of inducer, the operator has an affinity for repressor that is 107xthat of a low affinity site.

· The level of ten repressor tetramers per cell ensures that the operator is bound by repressor 96% of the time.

· Induction reduces the affinity for the operator to 104that of low-affinity sites, so that only 3% of operators are bound.

· Induction causes repressor to move from the operator to a low-affinity site by direct displacement.

· These parameters could be changed by an increase or reduction in the effective concentration of DNA in vivo.

12.19 Repression Can Occur at Multiple Loci

· A repressor will act on all loci that have a copy of its target operator sequence.

12.20 Cyclic AMP Is an Effector That Activates CRP to Act at Many Operons

· CRP is an activator protein that binds to a target sequence at a promoter.

· A dimer of CRP is activated by a single molecule of cyclic AMP.

12.21 CRP Functions in Different Ways in Different Target Operons

· CRP introduces a 90° bend into DNA at its binding site.

· CRP-binding sites lie at highly variable locations relative to the promoter.

· CRP interacts with RNA polymerase, but the details of the interaction depend on the relative locations of the CRP-binding site and the promoter.

12.22 Translation Can Be Regulated

· A repressor protein can regulate translation by preventing a ribosome from binding to an initiation codon.

· Accessibility of initiation codons in a polycistronic mRNA can be controlled by changes in the structure of the mRNA that occur as the result of translation.
12.23 r-Protein Synthesis Is Controlled by Autogenous Regulation

· Translation of an r-protein operon can be controlled by a product of the operon that binds to a site on the polycistronic mRNA.

12.24 Phage T4 p32 Is Controlled by an Autogenous Circuit

· p32 binds to its own mRNA to prevent initiation of translation.

12.25 Autogenous Regulation Is Often Used to Control Synthesis of Macromolecular

Assemblies

The precursor to microtubules, free tubulin protein, inhibits translation of tubulin mRNA.

