Prokaryotes have inducible enzymes
Operon Model


Jacob and Monad in 1961


Regulation @ Transcriptional Level


Operon = region of DNA Coding for single mRNA


Postulates:

1) polycistronic mRNA is made 

2) Repressor protein is made

3) Repressor binds to operator site of DNA ( (-) transcription b/c it covers promoter

4) Repressor protein is allosteric

a. Inducer 

(
allows transcription

b. Co-repressor 
(
inhibits transcription

5) Inducer/Co-repressor is a small molecule

Lac Operon


Involves metabolism of lactose


Proteins



1.
Z gene (β-galactosidase)

(
cleaves lactose to Gal & Glc



2.
Y gene (Galactosidease Permease)
(
transports lactose into cell



3.
A gene (thiogalactosidase acetylase)
(
UNKNOWN


Inducers



Allolactose (via β-galactosidase)



Artifical:




Isoprophythiogalactosidase


Repressors



Products of I gene



Exist as Tetramers



NOT part of lac operon


Operator



28 base pairs & two fold axis of symmetry

If NO inducer, repressor binds to operator



If inducer present, repressor undergoes conformational change and cannot bind





Operator region overlaps RNA Polymerase binding site ( (-) transcription


Catabolite Repression


If Glucose and another sugar are present, Glucose will be used first


Reason:
(
Uptake of other sugars are regulated by cAMP levels (NOT Glc)






Glc lowers cAMP levels


Mechanism of cAMP Control




cAMP binds to a dimeric catabolite gene activator protein (CAP) 




the cAMP-CAP Complex binds to the CAP binding site located next to the promoter





(+) transcription




This mechanism is PRESENT in Lac Operon

Tryptophan Operon


Codes for FIVE enzymes that convert Chorismate to Tryptophan

1st gene separated from 5’ end by 162 residue leader

Enzymes are synthesized:  Sequentially, Coordinately, Equally


Trp is co-repressor because high [Trp] will (+) Trp Repressor

Attentuation Control



Attenuator is the transcription site of termination when [Trp] are high



When the [Trp] is high, only 140 nucleotides are made, but 7000 nucleotides if [Trp] is low

Control of Gene Expression in Eukaryotes

General Info


Control @ level of transcription


NO OPERONS


Three RNA Polymerases



I
(
28S, 18S, 5.8S



II
(
mRNA precursors





4 snRNAs in splicing



III
(
makes small RNAs (tRNAs, 5s rRNA)


Cell must vary expression because of:

1. changes required during development of organism

2. changes due to different tissue types

3. changes due to external stimuli

Coded by RNA Pol II

Initiation of Transcription by RNA Pol II


Initiated at protomers


TATA/Hogness Box
(
25-30 bases upstream


Activators bind to Enhancers (located FAR away—works because of DNA folding)

Cell Specific Gene Expression


Tissue Specific Transcription Factor Required for transcription of gene

Effect of Lipid Soluble Hormones


Interact with receptor and transcription factors


Steroid Hormone Receptor



Bind to cytoplasmic receptors



Enter nucleus and binds to DNA Sequencing Hormone Response Element



Allows Receptor to Bind to RNA Pol II initiation complex


Thyroid Hormone Receptor



Binds to DNA WITHOUT Hormones


Hormone Receptor + Response Element


= (-) Transcription

Hormone Receptor + Response Element + Hormone
= (+) Transcription

Transcription Factors


Purified RNA Pol II
(
Cannot start transcription alone; Needs Transcription Factors


Sequence of Binding to TATA Box

1. TF II D (TBP + TAF)

2. TF II A + TF II B

3. RNA-Pol II—TF II F

4. TF II E

TF II H
(
helicase (uses ATP), also adds (P) to serine

TF II J



Eukaryotes Initiation Complex




40 proreins and 70% as big


Enhancer & Activator Proteins



General/Basal Transcription Factors



Activators:




Set of Transcription Factors
1) Control of Assembly of Initiation Complex

2) Control Rate that RNA Pol II initiates transcription

Histones & Control

Heterochromatin
(
chromatin around histone


Euchromatic

(
active chromatin


Histones must be removed during transcription/translation

DNA Methylation & Control


Methylation Cytosines
(
Decreases Transcription

Gene Expression & Development


General Info

Embryonic Development depends on programmed gene expression


Homeotic Mutation
-
Developmental Mutation






Controlled by HOX or Homeotic Genes


Homeobox

-
Determines Polarity of Embryo






Region that encodes conserved protein sequence

Vertebrates



HOX genes are HIGHLY conserved


Disease:
Synpolydactyly 



Most HOX Gene Mutations are Lethal

