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Lecture 22:

Regulation of gene expression
V. Eukaryotes (part 1)
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Lessons for life

Many of life’ s failures
Are people who did not
Realize how close they
Were to success when
They gave up.

Thomas A. Edison
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AIMS

» Understand the general complexity of
transcription regulation in eukaryotes.

* Understand in a broad sense how regulatory
proteins (activators, co-activators, repressors, co-
repressors) influence transcription in eukaryotes.

» Understand the difference between prokaryotic
and eukaryotic repressors.

* Understand how generally gene expression is
regulated at the transcription initiation level in
eukaryotes.
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Eukaryotic transcription regulation

Eukaryotic gene expression is more complicated
than in prokaryotes and as a result regulation is
also complicated
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What is unique in eukaryotic cells that make
regulation more complicated?
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Regulation of Gene expression

Eukaryotic: regulation of gene expression can take
place at multiple stages during the transcription/
translation process.

1. Transcription control 5. Translation control

DNA Tr’G‘”SC”“"”/RI\@T%‘“S&“O”Protein

2. mRNA degradation control ‘

3. RNA processing control ! 6. Proteiﬁ activity
4. RNA transport and localization control
control
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Regulation of transcription initiation
What happens during transcription initiation?

The assembly of the initiation complex at the
promoter site of a gene.
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Regulation of transcription initiation

Enhancer/Activator

 An Enhancer : is a DNA sequence motif
located upstream or downstream of the
promoter region.

* An activator: is a regulatory protein that binds
to enhancer sequence.
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Regulation of transcription initiation

Enhancer/Activator

 Activators contain: '

A DNA binding domain: a location Iin
the protein binds to DNA (enhancer
sequence).

* A protein binding domain: a location in
the protein that binds to the transcription
initiation complex.
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Regulation of transcription initiation

Enhancer/Activator

DNA binding domain and protein binding domain
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Regulation of transcription initiation

Enhancer/Activator

 When an activator binds to the enhancer
sequence away from the promoter, DNA loops
so that the activator is in contact with the
Initiation complex.

* The activator interacts with the transcription
Initiation complex and facilitates the
recruitment of RNA polymerase to start
transcription.

 Gene is turned ON and mRNA is made.
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Regulation of transcription initiation

Enhancer/Activator regulates the initiation of
transcription by turning genes ON

eucaryotic
: activator protein
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Regulation of transcription initiation

What are the possible locations of eukaryotic
enhancer sequence?
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If we consider the transcription machinery
of a eukaryotic gene a nice car, what does
activators act as?

(1) Breaks

(2) Gas pedal
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Regulation of transcription initiation

Silencer/Repressor

* A silencer: is a DNA sequence motif located
upstream or downstream of the promoter
region.

* Arepressor: is a regulatory protein that binds
to silencer sequence.
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Regulation of transcription initiation

Silencer/Repressor

 Repressors contain:

A DNA binding domain: a location in the
protein binds to DNA (silencer sequence).

* A protein binding domain: a location in
the protein that binds to the transcription
Initiation complex.
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Regulation of transcription initiation

Silencer/Repressor

 When a repressor binds to silencer sequence
away from the promoter, DNA loops so that the
repressor is in contact with the initiation
complex.

* The repressor interacts with the transcription
initiation complex and prevents the initiation of
transcription.

« No mRNA is made.
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Regulation of transcription initiation

Silencer/Repressor

Decelerates
transcription (J,)
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If we consider the transcription machinery
of a eukaryotic gene a nice car, what does
repressors act as?

(1) Breaks

(2) Gas pedal
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What are the differences between eukaryotic
and prokaryotic repressor regulation?
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Regulation of transcription initiation

Silencer/Repressor
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Y DNA strand
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(b) Inducer (allolactose)

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.

-y



LULLLEALLALENLRANEANLE L1 eLeteeL

Regulation of transcription initiation

Silencer/Repressor

* Prokaryotic repressors bind to DNA motifs
(operators) located downstream of the promoter
of the operon (WITHIN).

* Binding to a sequence downstream blocks the
movement of RNA polymerase.
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Regulation of transcription initiation

Silencer/Repressor

« Eukaryotic repressors bind to DNA motifs
(silencers) located away from the gene (NOT
WITHIN).

* The repressor bound to silencer sequence then
Interact with the transcription initiation complex

PREVENTING RNA polymerase normal
function.
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Let’s complicate things 1

What is the binding site of activators?
What is the binding site of repressors?

Do binding sites overlap?
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Let’s complicate things 1

 When enhancer and silencer sequences overlap,
the get into a competition called competitive
DNA binding.

* If repressor binds first, gene is OFF.
* |If activator binds first, gene is ON.

activator_ .., — actlvatlon surface

- repressor
competitive 1

DNA
binding TATA
bmdmg site
for repressor

binding site
for activator
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Let’s complicate things 2

* Direct or indirect interaction with general
transcription factors.

* If direct, binding and repressing or activating is
faster.

 |f indirect, need co-activator or co-repressor.

o . binding site
binding site {5 activator

for repressor \,\/\ -

direct interaction '
with the general

transcription factors l‘ TFIID -
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Let’s complicate things 2

Co-activator / Co-repressor.

Co-activators and co-repressors provide an
additional layer of regulation

How? Why?
(A) IN SOLUTION (B) ON DNA
coactivator corepressor
\ ACTIVATES REPRESSES
, ‘ @Iy, TRANSCRIPTION TRANSCRIPTION
v . i — |
‘ GENE ON GENE OFF
coactlvator
coactivator ACTIVATES \ ACTIVATES

\ TRANSCRIPTION / TRANSCRIPTION
— —

GENE ON GENE ON
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Where do activators, co-activators,
repressors,
co-repressors come from?

Regulatory or housekeeping genes?

Do co-activator and co-repressors have
DNA binding domain?

How many protein binding domains a co-
activator contains (hypothetically)?
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How it works?

The presence of activators, co-activators,
repressors, co-repressors in a specific
differentiated cells influence much of the gene is
expressed
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How it works?

Control Core
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[ Regulatory proteins  , oduced in response to signal. s
' ‘ f p 3. Regulatory proteins bind to regulatory S|tes

element
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How it works?

EXTRACELLULAR SIGNALS TRIGGER CELL-SPECIFIC GENE EXPRESSION.

Extracellular 1. Signal arrives at cell with . ;
signals e ¢  Message:"Become a muscle cell.” e Qe
] ®e @
Cell -
g Nuclear
C el e, envelope

2. Regulatory proteins are

in DNA, triggering expression of muscle-cell-

Promoter- specific genes.

proximal

Enhancer lExon Intron ExYon Intron Exon‘ Enhancer
Promoter 'RNA Gene for muscle-
polymerase specific protein
Figure 18-9 Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.
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9.3 REGULATION OF TRANSCRIPTION
INITIATION IN EUKARYOTES

RNA polymerase Il promoters are controlled by a variety of regulatory
sequences

Signals from outside the cell must be transmitted to the nucleus in
order to influence gene expression

The RNA polymerase |l initiation complex is activated via a mediator
protein

Chapter 9




GC A5 OCT E2 A3 CRE A2 E1 Al Gl  TATA gene
A BH B E EEsE e =

50bp

KEY

GC, A5module name
1001 basal promoter elements
Il cell-specific modules

I || corepromoter

Figure 9.18 Introduction to Genetics (© Garland Science 2012)
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Figure 9.19 Introduction to Genetics (© Garland Science 2012)
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Figure 9.20 Introduction to Genetics (© Garland Science 2012)



hormone response element target gene
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Figure 9.21 Introduction to Genetics (© Garland Science 2012)
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Figure 9.22 Introduction to Genetics (© Garland Science 2012)
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moves to the nucleus
and activates the
target genes
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Figure 9.23 Introduction to Genetics (© Garland Science 2012)
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Figure 9.24 Introduction to Genetics (© Garland Science 2012)

Chapter 9




downstream ( -
DNA

Chapter 9

Figure 9.25 Introduction to Genetics (© Garland Science 2012)
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Figure 9.26 Introduction to Genetics (© Garland Science 2012)



9.4 OTHER STRATEGIES FOR
REGULATING GENE EXPRESSION

Modification of the bacterial RNA polymerase enables different sets of
genes to be expressed

Transcription termination signals are sometimes ignored

Attenuation is a second control strategy targeting transcription
termination

Bacteria and eukaryotes are both able to regulate the initiation of
translation
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(A) an E. coli heat shock gene

heat shock promoter —
heat shock gene
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Figure 9.27 Introduction to Genetics (© Garland Science 2012)

(B) recognition by the ¢** subunit
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Figure 9.27a Introduction to Genetics (© Garland Science 2012)
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Figure 9.27b Introduction to Genetics (© Garland Science 2012)
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Figure 9.28 Introduction to Genetics (© Garland Science 2012)




nucleoid
. —
s (22 ),
l

septum

(CCn) e
/ N\
e
@.\D_ prespore sporulation
7|

mother cell N

cell wall

cell
membrane

o

enclosed spore

< @)
7/

released spore

Figure 9.29 Introduction to Genetics (© Garland Science 2012)
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Figure 9.30 Introduction to Genetics (© Garland Science 2012)




(A) synthesis of the immediate early transcripts
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Figure 9.31 Introduction to Genetics (© Garland Science 2012) Ch apter 9




synthesis of the immediate early transcripts
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Figure 9.31a Introduction to Genetics (© Garland Science 2012)
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synthesis of the delayed early transcripts
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Figure 9.31b Introduction to Genetics (© Garland Science 2012)
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Figure 9.32 Introduction to Genetics (© Garland Science 2012)
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Figure 9.33 Introduction to Genetics (© Garland Science 2012)
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Figure 9.34 Introduction to Genetics (© Garland Science 2012)
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Figure 9.35 Introduction to Genetics (© Garland Science 2012)
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Figure 9.36 Introduction to Genetics (© Garland Science 2012)
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Figure 9.37 Introduction to Genetics (© Garland Science 2012)

mRNAs for protective proteins

mRNAs for proteins that are
deleterious during oxidative stress
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To know

Co-repressor

Enhancer

Prokaryotic vs. eukaryotic repressors

Activator

Competitive DNA binding

DNA binding domain

Silencer

Co-activator

repressor

Protein binding domain
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Expectations

* You know the regulation mechanisms of gene
expression in eukaryotes at transcription initiation
phase.

* You know the complexity in the mechanisms
allows great variation in regulation mechanisms.

* You know the roles of regulatory proteins such as
(activators, co-activators, repressors, co-
repressors).

* You know the differences between prokaryotic and
eukaryotic repressors.
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For a smile
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