Chapter 6
Regulation of Gene Expression

In Eukaryotes
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6.1 Multilevel Gene Regulation in Eukaryotes

6.2 Chromatin Remodeling

6.3 Transcriptional Regulation

6.4 Post-Transcriptional Regulation

6.5 Translational Regulation

6.6 Translational and Post-translational Regulation

Summary



6.3 Transcriptional Regulation

1. Cis-Acting Element
(1) What is cis-acting element?
----- DNA sequences close to a gene
that are required for gene expression.



(2) Features of Cis-Acting Elements

» contain short consensus sequences

not fixed in location but usually within 200 bp

>

» usually upstream of the transcription start site

» asingle element is usually sufficient for regulation
>

many of them could bind specific proteins



Examples

TATA box
GC box
CAAT box
Promoter
Enhancer
Silencer
Insulator




(3) Types
Cis-acting elements may be divided
Into two types:
¢ positve control elements
— aclivate transcription
¢ negaitve control elements

— repress transcription



2. Major Types of Cis-Acting Element
(1) Promoter
--In genetics, a promoter is aregion
of DNA that facilitates the transcription of
a particular gene.

% Core promoter
¢ In eukaryote: TATA-box, Initiator (Inr)
¢ In prokaryote: -10 region, Inr



* Proximal elements of promoter
¢ in prokaryote: -35region
¢ in eukaryote: CAAT-box, GC-box
UPE: upstream promoter element
UAS: upstream activating sequence



Prokaryotic promoter
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Eukaryotic Promoter
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Question

Every promoter of eukaryotic gene must have
a TATA box?

A True

B False

TATA-less promoter !




 The downstream promoter element (DPE) is a
common component of RNA polymerase Il
promoters that do not contain a TATA box
(TATA-less promoters).

A core promoter for RNA polymerase Il includes
the Inr and, commonly, either a TATA box or a
DPE.

- 10 region = Pribnow box
- 35 region = Sexfama box
TATA box = Hogness box



Core promoter Elements
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BRE TATA Box Inr DPE
TFIIB A G Initiator Downstream core
recognition TATA TAA A c T promoter element
element Drosophila TCAL T G
T C A AC
GGG - G A
ccACGCC Mammals PyPyAN A PyPy C

BRE: TFIIB recognition element;
DPE: downstreamcore promoter element;
Inr: initiator region
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(2) Terminator
A DNA sequence just downstream of
the coding segment of a gene, which is
recognized by RNA polymerase as a

signal to stop transcription.



In prokaryotes, two types of transcription termination:
¢ p-dependent termination (weak)
¢ p-independent termination (strong)

p-independent termination requires two sequences in the RNA
— A stem-loop structure upstream of 7-9 U residues

U-rich RNA in
the RNA-DNA

Stem-loop that causes
RNA polymerase to pause

Stabilizes
While RNA polymerase pauses, the the RNA pol
U-rich sequence in the open complex pausing

is not able to hold the RNA-DNA hybrid
together. Termination occurs.




In eukaryotes, transcription termination occurs in a
reaction coupled to RNA 3'-end processing.

Most eukaryotic mRNA precursors are cleaved in a
site-specific manner in the 3'-untranslated region,
followed by polyadenylation of the upstream
cleavage product.

The exact mechanism of coupling between 3'-end
processing and transcription termination remains
unclear.

Termination is accompanied by dephosphorylation
of the pol Il CTD, but the precise timing of pol I
dephosphorylation is also unclear.



(3) Enhancer
@® Concept

A regulatory DNA sequence that greatly enhances

the transcription of a gene.

enhancer-binding protein ---- activator



@ Functional Features of Enhancer

» (reatly increase transcriptional rate
can be upstream or downstream of promoter
close to promoter or far away from promoter
no direction requirment (di-direction)

no gene-specific regulation



LE enhancer: lateral ectoderm
VM enhancers

VM1 VM2

VML1: anterior visceral mesoderm
VM2: posterior visceral mesoderm
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(4) Silencer

@® Concept

A DNA sequence that helps to reduce or shut off
the expression of a nearby gene.

Silencer-binding protein ---- repressor

@ Functional Features of Silencer

» bind to the repressor
> represse or block transcription

» negative control element
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Question

TBP Is a component that is required for each
type of RNA polymerase to bind its promoter.

A True
B False




Question

Enhancers can turn on promoters of genes
located thousands of base pairs away.

What is to prevent an enhancer from
Inappropriately binding to the promoter

and activating the gene transcription?
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(5) Insulator

@® Concept

Insulators are DNA sequence elements that help to
prevent inappropriate interactions between adjacent
regions of the genome.

(enhancer and promoter or silencer and promoter)

@ Functional Features of Insulator

»one that is involved in enhancer-blocking
activity

» the other that provides a barrier to the
spread of heterochromatin



Insulator function is to prevent a gene from
being influenced by the activation (or repression)
of its neighbors.

looping of DNA

W%
— S

Insulator Enhancer Genes Insulator




segments segments

Insulator

.= promoter
.= enhancer

There is an insulator between the a gene promoter
and the & gene promoter of the a/d T-cell receptor
(TCR) that ensures that activation of one does not
spread over to the other.
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Insulators block the spread of heterochromatin

DNasel
insensitive

Insulator



GENES IX BENJAMIN LEWIN

Insulators may provide barriers against the
spread of heterochromatin.

An insulator may block heterochromatin
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An active insulator is a barrier to heterochromatin
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A. Blocking regulatory element-promoter communication B. Insulator bypass
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C. Barrier to histone mark spreading

active mark spreading
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D. Facilitating long-distance regulation E. Trans regulation (Transvection)
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Genes 2019, 10, 767



Genes 2019, 10, 767 mouse tissues (limb buds and brain)
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Figure 4. An important difference between mammals and flies is the
greater distances between developmental genes and their regulatory
elements in mammals, whereas the fly genome is more compact.
This may result in a greater need for insulation in flies.



