05 Uk -
(il g g SALISAS S g 2ALICAS oA (o Y

L CiglSen g g S s OF Ol dal e =Y



GENE EXPRESSION

How is a gene expressed?

DNA =2 RNA — protein

- DNA = RNA

— Transcription

« RNA —> protein

— Translation
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Gene
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1- Transcription

2- Post transcriptional modifications

3- Translation

4- Post translational modifications
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Eukaryotic Gene Structure”®

iq_ Transcribed Region —v|

] exon1 intron1 exon2 intron2 exon3
Start codon Stop codon
5’UTR 3’UTR

Downstream
Upstrear_n Intergenic
Intergenic Region

Region
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RNA Processing by Spliceosomes

snRNA forms T snRNP — snRNA
base-pairs with gxon |\ &S} Intron %
ends of introns -

Intron is et V= )
excised R ," -
S5YN0 Y

Y,
o

Exons are spliced; @ xcised\
spliceosome ntron
disassembles Exon Exon <=

Mature mRNA:
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E. coli RNA polymerase
2a, 1B, 1B’°, 1w and o factor

Sigma factor

/ Holoenzyme

Required for Required for correct
polyrperlzatlon initiation of transcription:
activity binding to promoter

e



Transcription Initiation in Prokaryotes

(a) RNA polymerase binding (b) Initiation
to promoter

Figure 8-8
Introduction to Genetic Analysis, Tenth Edition
© 2012 W. H. Freeman and Company

o subunit positions RNA Upon initiation of transcription,
polymerase for correct o subunitdissociates.
initiation.



Transcription of Prokaryotes

* |Initiation phase: RNA-pol recognizes
the promoter and starts the
transcription.

* Elongation phase: the RNA strand is
continuously growing.

* Termination phase: the RNA-pol stops
synthesis and the nascent RNA is

separated from the DNA template.



Transcription unit

5 DNA . .5
3' %r—/ H_/ 5'
Promoter RNA Terminator
Unwound DNA \Polymeras €@ Binding of RNA polymerase
~— and local DNA unwinding
3'
5’
Coding NTPS{ € Initiation of RNA synthesis
3I
(7 5'
Template = RNA NTPs
strand €) Elongation of RNA
5’ ,‘ 3
3’ 5’
j Further elongation
5’ V= gr
3’ !
5! \
Termination signal
RNA polymerase < 1 @ Termination of RNA synthesis
5' 3’
3 + S
5’ 3’

RNA transcript

© 2012 Pearson Education, Inc.



OPERON in gene requlation of prokaryotes:

Definition: afew genes that are controlled collectively by one
promoter

Its structure: Each Operon is consisted of few structural
genes( cistrons) and

some cis-acting element such as promoter (P) and operator (O).

Its regulation: There are one or more regulatory gene outside
of the Operon that produce trans-acting factors such as repressor or
activators.

Classification:

1- Catabolic (inducible) such as Lac OPERON
2- Anabolic (repressible) such as ara OPERON
3- Other types



Prokaryotic Transcription

(a) Prokaryotes

Ope rons o trp operon
: FESH E|lD|c|B]|A
Groups of related genes transcribed gemme |
by the same promoter it O
synthesis
Transcription
Polycistronic RNA . _mmAna
R
Start sites for
7 < protein synthesis
Multiple genes transcribed b
[ranslation
as ONE TRANSCRIPT E J,
w— D)
— C
Proteins __B_ A

No nucleus, so transcription and
translation can occur simultaneously



GENERAL STRUCTURE OF AN

OPERON
Opern
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A
[ \

Control region  Structural genes

poeocAsA‘
, |<

Rogulatoty Promoter  Operator

() Structure of the operon. The opeon consists o the pomotr (B, and operto 0) e, andstrucural
_,..genes which code for the protein, The operon is regulated by the product of the regulatory gene (/).



Types of operon

»Inducible operons:

* They include genes that encode for enzymes that take part in
metabolic pathways.

* The expression of the gene is controlled by the substrate.
* Example is the "Lac Operon".
»Repressible operons:

* They include genes that encode for enzymes involved in biosynthetic
pathways.

* The expression of the gene is controlled by the end-product of the
pathway.

* Example is the "Trp Operon”.



Positive and negative regulation

Positive regulation
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s M

AALLL :
Promoter Operator
CEER. PP LR
No
ﬁ transcription
ALLLL |

Promoter OIpera‘tor

(No activator)

Negative regulation

No
transcription

—

AL LR

Oerator
PR

Promoter
, b i —— B U ) ) | |

Transcription
LLLLL —-—WL LR
Promoter Operator
i T

PR
(No repressor)



J"Lf“m g )

L= 528
'y 03
52 U3 () Ol aplats



Bacterial RNA polymerase  Eukaryotic RNA polymerase lI

Figure 15-21
Molecular Biology: Principles and Practice
©2012 W. H. Freeman and Company



Eukaryotic RNA Polymerases

Three DNA dependent RNA polymerases:
RNA Pol 1, 11, and III

All 3 are big, multimeric proteins (500-700 kD)

All have 2 large subunits with sequences similar to 3
and B'in E. coli RNA polymerase, so catalytic site
may be conserved

All interact with general transcription factors-GTKs

RNA Pol II is most sensitive to o-amanitin



Enzyme

Location

Product

RNA Polymerase |
RNA Polymerase |

RNA Polymerase [l
mt RNA Polymerase

Nucleolus
Nucleoplasm

Nuﬂlauplasm
Mitochondria

FRNA
mRNA

tRNA
MiRNA



Eukaryotic Transcription

© Eukaryotic promoters 1. Initiation—Transcription factors
o \Powotw. adhere to the TATA box in
3 4 the promoter signaling RNA
TATA box o Tempiss Polymerase Il to attach. Additional
transcription factors attach and
Transcripion | | € A transcription factor the transcription initiation
/‘l“*\ complex is formed. Enhancers/silencers
=
- P Elongation —RNA Polymerase Il unzips
ﬂmm the DNA and pairs the template with
mwm“\" o complementary mRNA nucleotides.
- Vs ~ 3. Termination—RNA Polymerase Il reaches
s / the polyadenylation (AAUAAA)
! A framacriot sequence and releases the pre-mRNA.
Tvanecuiotion Btiation Cometex transcription

*Gene expression is most often regulated at transcription



Table 28.1: Difference between Prokaryotes and Eukarvotes Transcription

Prokaryotic Transcription Eukaryotic Transcription
Polycistronic type of transcription Monacistronic type of transcription
Occurs in cytoplasm Occurs in nucleus

Coupled transcription ~translation ~ process
CCUrs

Coupled transcription ~translation process not
ccurs,

Single type of ANA Polymerase required for
synthesis of all type of RNA

Three different type of RNA Polymerase required

or synthesis of all type of RNA

No need of any transcription factor for intiation,

ts require transcription factor for intiation

RNA Polymerase are made up by 5 subunits

RNA Polymerase are made by 10-15 subunits




|Points of control

- The control of gene
expression can occur at any
step in the pathway from
gene to functional protein

1. packing/unpacking DNA
. transcription
. MRNA processing

. mMRNA transport
. translation
. protein processing

~N O O & WO

- . protein degradation




Regulation of gene

expression
Prokaryotes Eukaryotes
* Mainly at « Other levels of regulation

inlcude posttranscriptional

transcriptional level :
and posttranslational

« Sets of genes

| regulation
transcribed together . pa0h oene transcribed
(polycistronic) independently

* E.g. lac operon and trp ~ (monocistronic)
operon 1n bacteria



