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GENE EXPRESSION

Gene expression which a gene's information 1s
converted into the structures and functions of a cell.

Gene expression.; the process of producing a
biologically functional molecule of either protein or




GENE STRUCTURE

® Eukaryotic gene structure:
® The average gene 7-10 exons spread over 10-
16kb of DNA.
T he gene must have (Exon; start signals; stop
, regulatory control elements).




GENE STRUCTURE
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GENE EXPRESSION

Transcription

RNA processing

Translation L

Post-translation processing




TRANSCRIPTION

Transcription

® Synthesis of an RNA
that is complementary

to one of the strands
of DNA.




Requirement for Transcription

a Promoter
Q Enhancer
Q Transcription Enzymes
o RNA polymerase
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Eukaryotic Promoter

Eukaryotic Promoter lies upstream of the gene. There
are several different types of promoter found 1n human
genome, with different structure and different
regulatory properties class/I/II/111.

Conserved eukaryotic promoter elements Consensus sequence




Enhancers

Enhancers are stretches of bases within DNA,
about 50 to 150 base pairs in length; the activities
of many promoters are greatly increased by
enhancers which can exert their stimulatory
actions along several thousands base pairs.
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Transcription Enzymes

RNA polymerase: The enzyme that controls
transcription and 1s characterized by:

® Search DNA for 1nitiation site,
2 It unwmds a short stretch of double hehcal DNA to




Eukaryotic RNA polymerases have different roles in transcription

Polymerase | Nucleolus Makes a large precursor to the
major rRNA (5.85,18S and 28S
rRNA in vertebrates
Polymerase [I Nucleoplasm Synthesizes hnRNAs, which

are precursors to mRNAs. It
also make most small nuclear
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Transcription Factors

" Transcription factors are proteins that bind to
DNA near the start of transcription of a gene.

" Transcription factors either inhibit or assist
RNA polymerase in initiation and maintenance
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Mediators, another collection of proteins and can be
considered as a general transcription factor, because
it 1s a part of class II preintiation complexes.
Mediator 1s not required for initiation per se, but it 1s
required for activated transcription.

Activators (gene specific transcription factors) can

provide more activation in transcription.
Actlvators can b1nd to enhancers and also permits




TRANSCRIPTION
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Preparatory Steps for Transcription

Preinitiation complex

Core Promoter Sequence

Transcription Factors

RNA Polymerase

Activators and Repressors.




TRANSCRIPTION

® The polymerase binding causes the unwinding of the
DNA double helix which expose at least 12 bases on
the template.

® This 1s followed by 1nitiation of RNA synthesis at this
starting point,

- The RNA polvmerase starts bulldlng the RNA cham




TRANSCRIPTION

= RNA polvmerase directs the sequential binding of
riboncleotides to the growing RNA chain in the 5' - 3'
direction.

® Each ribonucleotide 1s inserted into the growing RNA
strand following the rules of base pairing. This
process 1s repeated till the desired RNA length i1s

synthesized.




TRANSCRIPTION

Primary transcript (immature RNA or pre
mRNA).
® The primary product of RNA transcription; the

hnRNASs contain both intronic and exonic
sequences.

® These hnRNAS are Processe i1

cytoplasm where to participate in protein



RNA Processing (Pre-mRNA — mRNA)

Capping
The cap structure 1s added to the 5' of the newly transcribed

mRNA precursor 1n the nucleus prior to processing and
subsequent transport of the mRNA molecule to the cytoplasm.

Splicing
Joining of exons; it takes place on a special structure called

200 adenine residues to rorm a




TRANSCRIPTION




ALTERNATIVE SPLICING

Alternative splicing: 1s a very common phenomenon 1n
higher eukaryotes. It 1s a way to get more than one
protein product out of the same gene and a way to
control gene expression in cells.
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TRANSLATION

Translation

® Ribosomes read a
messenger RNA and

make protein according QQ \ (2 9"

amino acids
large subunit

to 1ts instruction.
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Requirement for Translation

m Ribosomes

¥ tRNA

¥ mRNA

m Amino acids

m Initiation factors
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Preparatory Steps for Protein Synthesis

The protein synthesis occur in 3 phases:
= [ntiation
="Elongation
" Termination
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TRANSLATION

® Accurate and efficient initiation occurs; the ribosomes binds to

the mRNA, and the first amino acid attached to its tRNA.

"The in1tiation phase of protein synthesis requires over 10
eukaryotic Initiation Factors (elFs): Factors are needed to
recognize the cap at the 5' of mRNA and binding to the 40s
ribosomal subunit.

"Binding the mnitiator Met-tRNAiMet (methionyl- tRNA) to the
40S small subunit of the ribosome.

®Scanning to find the start codon by binding to the 5'cap of the

mRNA and scanning downstream until they find the first AUG
- (mitiation codon).

correctly in the same site.
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TRANSLATION

®(Chain elongation, the ribosomes adds one amino acid at a time
to the growing polypeptide chain.

"Transfer of proper aminoacyl-tRNA from cytoplasm to A-
site of ribosome;

"Peptide bond formation; Peptidyl transferase forms a peptide
bond between the amino acid in the P site, and the newly arrived

aminoacyl tRNA in the A site. This lengthens the peptide by one
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CONTROL OF GENE EXPRESSION

" Transcriptional

" Posttranscriptional
" Translational

" Posttranslational
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Eukaryotic Gene Expression

" Essentially all humans' genes contain introns. A
notable exception is the histone genes which are
intronless.

" Eukaryote genes are not grouped 1n operons. Each
eukaryote gene 1s transcrlbed separately, w1th

(monocistronic); code for only one polypeptide.




Eukaryotic Gene Expression

= FEukaryotic mRNA contain no Shine-Dalgarno sequence
to show the ribosomes where to start translating. Instead,
most eukaryotic mRNA have caps at their 5° end which
directs mitiation factors to bind and begin searching for
an 1nitiation codon.

NA polymerase for each




Prokaryotic vs. Eukaryotic

® Bacterial genetics are different.
® Prokaryote genes are grouped in operons.

® Prokaryotes have one type of RNA polymerase for all
types of RNA,




Prokaryotic vs. Eukaryotic

®To initiate transcription in bacteria, sigma factors bind
to RNA polymerases. RNA polymerases/ sigma factors
complex can then bind to promoter about 40

deoxyribonucleotide bases prior to the coding region of
the gene.

®n prokaryotes, the newly synthesized mRNA is
p ol..c1str0nlc (polygenic) (code for more than one







