Lecture 8

4. 3 factors very crucial to regulate transcription.
1st: RNApol, once it has found promoter, must bind tightly. Once binding has occurred, sigma will leave from promoter & dissociate.
Departure of sigma is essential for RNApol to leave promoter & start transcription of gene, conformational changes of enzyme must occur for this to happen.
Accessory proteins will modulate affinity of enzyme for promoter: activators increase transcription & repressors  reduce transcription. 

5. Negative regulation: repressor is the most important factor. If repressor is present in regulatory region of operon and bound to operator, RNApol cannot come, bind to promoter & initiate transcription. Binding of repressor will be modulated by a ligand. When bound to repressor it will reduce its affinity for the operator. Ligand + repressorwon’t bind to operator.
2nd scenario, complex ligand-repressor will have high affinity for operator site & presence of this complex will prevent binding of RNApol & transcription of the operon. Binding of repressor is modulated by levels of ligand & its binding. Usually the levels of protein repressors are stable. Ligand can either reduce affinity of repressor for its site or increase binding activity of repressor.

Positive regulation: binding of activator will not prevent RNApol binding, but increases its activity. Activator binds close to promoter site. If no activator, RNApol can still transcribe but rate of transcription will be basal – not maximum. Ligand can either reduce affinity of activator for its site or increase binding activity of activator.

6. Bacteria uses sugar, monosaccharides as main source of carbon. Main sugar is glucose. When glucose is absent, bacteria will move to more complex sugars disaccharides, which will metabolize into glucose before bacteria can use them. Genes involved in degradation of complex sugars are organized in operons – clustered together under regulation of a single regulatory region. 

8. What defines an operon? 2 things: a series of genes – more than 1 (lactose operon: 3 genes) under regulation of single region. How is that possible? Through organization of the operon. Promoter is necessary, and in b/w promoter & structural genes is operator.

10. If the expression of this operon is turned on, a single RNA can be translated into 3 different proteins which are important for the metabolisis of lactose (most important: beta-gal). There is overlap b/w binding site of repressor (operator) & binding site of RNApol (position -10 & -35).

13. There are negative mechanisms as well as positive ones. Regulation is mediated by repressor, which binds to operator sequence in regulatory region, which is upstream structural genes of that operon.

Positive regulation Induce expression to max level. Kicks in when maximal expression is needed for this operon, which means RNApol will initiate transcription at a high rate & for that to occur, activator CAP is bound to CAP site, which will increase initiation at which RNApol transcribes. This is important for bacteria to constantly have access to glucose. If it doesn’t, bacteria must degrade complex sugars into glucose molecules which can then be used as a source of carbon.

Lac operon important so glucose levels do not vary too much & there is constant glucose production. Glucose highlittle cAMPactivator (CAP) doesn’t have a ligand so no binding of CAP to cAMP site & no increase in transcription. Level of activator is constitutive – levels of that protein do not vary much.

14. If the repressor is removed from operator site, is the expression of the operon maximum? No, b/c in addition to the negative control: a positive control, which is mediated by CAP, the activator for lactose operon. Interaction between CAP dimer and binding domain is through alpha subunit, alphaCTD, which will turn on the operon. cAMP-CAP will bind to site near binding site of RNApol & induce transcription.
1st event: operator site not bound by repressor, which is essential. 2nd event: binding of CAP activator to regulatory region & transcription will be turned on to max level. What controls cAMP levels in the cell? Glucose. High glucose levels = low cAMP levels. When glucose is present in bacteria, won’t need to turn the operon levels to the max. When glucose levels are low, cAMP is highligand for activator. cAMP-activator will form and will bind to CAP site, bringing up transcription levels.

lacI gene encodes repressor. lacI gene is not part of the operon, it is constitutively expressed. Regulation occurs at level of binding of the repressor to operating site regulated by operator. Complex allolactose-repressor has low affinity for operator site and so RNApol has access to promoter & can transcribe. Polycistronicincludes 3 ORFs from single RNA. 3 different proteins are translated. The RNA from the lacI gene is monocistronic, a single protein made form this RNA. Eukaryotic RNA is usually monocistronic.

16. Define state of expression lactose operon when: (1) there are both glucose and lactose available (2) when none are available (3) when one of the 2 is available? Answer by drawing anatomy of lactose operon.
2 components of lactose operon: structural genes (1 is written here but there are 3 z,y,a included in lactose operon) & regulatory region: promoter & operator.
For regulation: CAP binding site & lacI gene. Those 2 are nearby the lactose operon.

What is the transcriptional state of the lactose operon?
1st: look at repressor. Look at negative control before looking at positive control b/c negative control is mediated by repressor. If the repressor is bound by operator there is no operon transcription.

What controls binding of repressor of lac operon to its operator site? Allolactose ligand, which comes from lactose. If there is allolactose, it will bind to repressor & allolactose-repressor complex will have low affinity for operator.

1st scenario: repressor not bound lots of lactose around & it has generated allolactose, will which bind to the repressor and prevent binding to the operator site. Therefore, RNApol can come & transcribe; operon is not off but transcribed at basal levels – not max levels b/c occupation of CAP site is free b/c CAP is absent b/c doesn’t have its ligand, cAMP. High [glucose]low [cAMP]CAP not bound.

2nd scenario: only glucose available. No expression of operon – bacteria will not bother to metabolise more complex sugars, waste of energy. No lactoserepressor will bind to allolactose ligand. High [glucose]low [cAMP]no activator bindingno transcription. Transcription is always decided by repressor.

3rd scenario: no lactoseno allolactose  no ligand for the repressor repressor can bindoperon is turned off. Regardless of presence of CAP, RNApol does not have access to the promoter b/c repressor is in the way. Activity of activator doesn’t interfere with operon transcription.

4th scenario: only lactose availableallolactose presentbinds to repressorallolactose-repressor complex won’t have high affinity for operatorRNApol transcribes from promoter at maximum level b/c CAP is allowed to bind b/c glucose levels are lowcAMP levels will risecAMP-CAP will formbind to CAP siteallowing max expression.

Situation where repressor is bound to operator – there is no lactose? Eventually exhaust all glucose in cell. Turn situation where no glucose and no lactose into situation where lactose starts appearing & operon will be quickly turned on to max level of expression, allowing for beta-gal production. Never 0 beta-gal in cell.

Degradation of lactose into glucose is catalyzed by beta-gal, which is a gene included in the operon. Glucose is preferred sugar & has catabolic repression activity on operonit represses degradation of lactose by changing levels of cAMP by interfering with binding activity of CAP – interfering with positive regulation.

What is state of expression of lac operon in which proteins are bound to regulatory sites, operator & promoter? Most important is operator, which is bound by repressor. If repressor is present, there is 0 transcription b/c RNApol doesn’t have access to promoter so operon is off. When no lactose present, repressor can bind. 1st important site is to look at operator, which will dictate whether there is transcription.

Is transcription – if repressor is absent – maximal? If maximal, positive regulation has kicked in. Under which circumstances? Dictated by glucose level b/c glucose will dictate cAMP levels.
21. If entire operon is transcribed, all 5 genes will be in single RNA & all 5 genes translated into different peptides. No termination sequences after trpE,D,C,B, only after trpA. Once RNApol starts transcribing from trpE, it will read all 5 of structural genes. In order for RNApol to transcribe, operator site must be free of repressor b/c if repressor in the way, RNApol cannot transcribe from promoter.

24. Transcription starts within leader sequence. ORF Is located in 1st region. TSS is added in leader region & RNA produced has important features: most important is presence of ORF, which means sequence of nucleotides including codons which can be further translated into aas. 2nd important feature included in leader-attenuater RNA is terminator stretcher, so at the end you have a hairpin loop structure that can be formed by RNA, which is a dsRN structure. After hairpin loop, a series of uracil residues are found. U residues on RNA will form 2 H-bonds with A on DNA matrix. Formation of this structure is sufficient to turn off transcription before entering structural gene.

26. Important feature is possibility of forming 3-4 hybrid regions but also b/w 2-3. They are complementary. Possible hybrids 1-2 + 3-4 or 2-3. If 2-3no stop signal RNApol will continue transcription into structural genes. Stop signal is 3-4 & stretch of U residues.

This is prokaryote scenariono nucleus & transcription by RNApol on RNA takes place at same time as translation. This attenuation scenario is not possible in eukaryotic system.

Middle: RNApol transcribing after 3-4  RNApol has not yet entered structural genes. 3-4 formed b/c region 3 is available b/c 2 is covered with ribosome. This ribosome translates 1 and moves to 2.
If low trp levelsribosomes pause in 12-3 forms RNApol will continue transcription into structural genes. There is need for cell to transcribe trp operon & make those enzymes needed to transform chorismic to trp. 2-3 is too far from catalytic site where transcription bubble takes place so it cannot be a stop site. Hybrid 3-4 is closer to where nucs are added.

[bookmark: _GoBack]What if levels of trp start increasing? 1st mechanism triggered will be repressor. RNApol downstream, started transcribing already, (many RNA & many ribosomes at once), if RNApol is in that region, its too late, transcription will continue until RNApol reaches the end of the operon.
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