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Nedwidek Eukaryotic Gene Control NOTES 1
genetics research
 January 2, 2014

Aim: How do eukaryotes control gene expression?

HW 14 is due Monday  January 6, 2014.  Your final is Tues Jan 21, 2014.
Hw 14: all griffiths (your favorite!)

ch 11: p 413 #20

ch 12: p 450 #'s 1,3

ch 15: p 551 #10

ch 16: p 593 #11; p 594 #21,22; p 596 #35a only
This will be the last hw in the class.  I have to leave myself a wide

enough window to grade the stuff, and the stuff you gave me in december.

Recapping,  The mechanism Yanofsky discovered for trp biosynthesis was a transcriptional regulation mechanism.  When trp is around, the ribosome does not read the enzymes to synthesize it because they are unnecessary.  When trp is not around, the ribosome stalls, allowing full transcription of the cistron until the ribosome can read the biosynthetic enzymes.  RNA hairpins control this, and it depends on how much txn occurs whether tln can occur. But the translation depends on what happens in txn.  Page ref in griff is 368-371, about.

Fundamental differences and similarities in gene regulation between eukaryotes and prokaryotes

-both eukaryotes and prokaryotes use sequence specific DNA binding proteins to modulate transcription.

-eukaryotic genomes are bigger, have more complex regulation, and more types of regulatory proteins.

-the most important difference is packaging of eukaryotic DNA.  

-bacterial genes are assumed “on” (ground state) until repression/activation.

**RNA polymerase is usually blocked by a repressor (negative regulation).  Mechanisms like catabolite repression turn it up/on.  RNA polymerase “scrunches” DNA to read it into a transcript.

-conversely, eukaryotic genes are assumed “off”, as the DNA is wound tight around histones.

**Here, a whole set of machinery needs to be mounted to get the transcription process going.  The  level of control is accomplished by methylation and acetylation (epigenetics).

**Transcription factors cannot bind a target sequence if DNA is tightly wound near the promoter.  Chromatin needs unraveling here so that the transcription complex can “hug” DNA.

**Eukaryotes have three RNA pols (II (major), I, III), while bacteria have only one.

**Eukaryotic transcripts are more processed (bacterial ones not processed at all-mRNA goes straight to ribosomes).

**In Eukaryotes, RPOL II is larger and more complex, to control transcriptional processing.

-Chromatin remodeling: modifies chromatin structure-limits or frees access to DNA for expression.  Chemical modification of histones involves acetylation/deacetylation of histones, but there is also a histone “code” (Griff 396) of remodeling that limits access to txn off of DNA.

-Enhancers: cis-acting sequences 5’ or 3’ of promoter-synergistic effect on gene expression; recruit activator proteins to increase transcription.  Activator proteins down from or near promoter activate txn.  A regulation range is established, and acts as/like a dimmer: nucleosomes impose structure but also shut down certain genes; -enhancers form a binding pad for gene activation, but this involves 

-Coactivators and other DNA binding proteins: recruitment of positive activation at a site; also:

-enhancer blocking insulators (resist activation)

-genomic imprinting (methyl and histone acetylation patterns)

-chromatin domains (dna rearrangement)/gene silencing (dna regulation)

-epigenetics: genomic neighborhoods: positions and mosaics.  Inheritance of epigenetic patterns such as methylation imprints affects chromosome structure.  This type of silencing is implicated in cancer.

-X-inactivation: silencing of the entire X chromosome: Barr bodies inactivate one X, the other takes over.  Dosage compensation: Mechanism in females in complex, while in males there is only one X so there is nothing to silence.

Heterochromatin: tight packing/no access.  Not coding/condensed.

Euchromatin: looser packing/easier access.  Truly coding/less condensed.

Chapter 11-griffiths

-Eukaryotes may have up to 25,000 genes, so regulation of them requires that

1) Most genes are off at any given time

2) Many patterns of gene expression are allowed

In eukaryotes, transcription factor proteins interact with protein or DNA or both

-promoter proximal elements

-enhancers (UAS’s)…see below

Eukaryotes require complex regulation: regulatory proteins must have functional domains (define these…) that:

1-recognize/bind DNA; 2-interact with the transcription apparatus (RPOL); 3-interact with DNA (liaison) and regulatory protein cooperatively; 4-influence chromatin condensation; 5-sense cellular conditions.

Acetylation (ch3co at histone) and Methylation (ch3 at DNA) modifies expression:

-acetylation is usu pos reg: hyperacetylated histone is active gene; hypoacetylated histone is inactive gene/usu neg reg.

-acetylases and deacetylases move groups of ch3co on and off of histone

-methylation of DNA is usu neg reg.  undermethylated DNA is accessible.

-methyltransferases and demethylases move ch3 on and off of DNA

Sites and types of regulation: 

Griff 390-391: UAS = Upstream Activation Sequences: 5’ of promoter: ex: Galactose metabolism in yeast.  GAL4 binds near the promoter at UAS and enhances transcription.  This was found by a series of “domain swap” experiments: protein-protein interactive is the key finding in this work, and an important concept behind regulation of eukaryotic genes.

After regulation: we do chromatin and chromosomes, cancer, development, evo/pop gen, notes tbd next week.
