Transcription in

Prokaryotes & Eukaryotes



Gene Expression

here are 4 major events that occur
during the process of gene expression
— Transcription

— RNA processing

— Translation

— Protein processing



A Gene is a Transcription Unit
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Prokaryotic Gene Structure
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Prokaryotic Gene Structure
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Eukaryotic Gene Structure
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Transcription Proceeds Through 3 Steps

DNA of gene

Initiation

P t Terminator T
romoter ! « Transcription factors & RNA

polymerase recognize & bind

5’ end of growing the promoter
RNA transcript

« DNA adjacent to the promoter
is denatured forming the open
promoter complex

Elongation

 RNA polymerase moves along
the DNA in synthesizing a RNA
transcript. Synthesis is 5’ >3’ -
Only 1 strand of DNA is read as a
template.

Termination

- Atermination signal is reached
causing RNA polymerase to
dissociated from the DNA

Completed RNA RNA
transcript polymerase



Initiation

RNA polymerase aapp’o
Transcription factors
Promoter DNA
o RNAP binding sites
o Operator - repressor binding
o Other TF binding sites

Start site of transcription is +1




Initiation

RNA polymerase

o 4 core subunits

o Sigma factor (o)-
determines promoter
specificity

o Core + 0 = holoenzyme

o Binds promoter sequence

o Catalyzes “open complex” and
transcription of DNA to RNA




RNAP binds specific promoter
sequences

Sigma factors recognize consensus
-10 and -35 sequences

<= llpstream, downstream —

Direction of transcription




A Prokaryotic Promoter
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Reaching A Consensus

—35 region —10 region  +1Transcribed
lac operon GITTACA Ni; TATGTT No AGRSSSEE

lacl WGCGCAAN,; CATGAT N; A
trp operon GFTGACA N,, TTAACT N; A
rrnX SITGTCT N, TAATAT N; A
recA SITGATA N, TATAAT N Al

lexA WITCCAA N,, TATACT Ns AGn
tRNAbF TTACA N,; TATGAT N; A

Consensus TTGACA TATAAT



RNA Polymerases
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RNA Polymerases
 Differences between eukaryotes & prokaryotes

* Prokaryotes
— 1 enzyme with 4 subunits
« 20’s,1B,& 1P’
« actual polymerase function

— Sigma factors (o)
 recognize & bind promoter DNA sequence

« Eukaryotes

— 3 separate holoenzymes — each has ~12 subunits
« RNA Pol | - 28S, 18S, 5.8S rRNA
« RNA Pol Il - mRNA, snRNA
« RNA Pol Ill —tRNA, 5S rRNA

— 3 sets of basal transcription factors
 recognize promoter DNA sequences



The Process of Transcription
* [nitiation
— Where/when most regulation of gene
expression occurs
— Different between prok:s & euk:s

* Elongation
— Essentially same between prok:s & euk:s
— Some regulation, more in prok:s than euk:s
* Termination

— Different between prok:s & euk:s
— Some regulation

Prok:s-prokaryote
Euk:s-eukaryotes



Elongation

Once the RNA polymerase has synthesized
a short stretch of RNA (~ 10 nt), transcription
shifts into the elongation phase.

This transition requires further
conformational change in polymerase that
leads it to grip the template more firmly.

Functions: synthesis RNA, unwinds the DNA
In front, re-anneals it behind, dissociates the
growing RNA chain



Termination

» After the polymerase transcribes the
length of the gene (or genes), it will stop
and release the RNA transcripit.

* In some cells, termination occurs at the
specific and well-defined DNA
sequences called terminators. Some
cells lack such termination sequences.




Rho Dependent Termination in Prokaryotes

rho recognition site

rho recognition
site in RNA

Rho protein is
P rho protein binds to the

ahelicase — [ |,tsitein RNA and moves
towards the 3" end.

rho protein

RNA polymerase reaches the
termination site. A stem-loop
causes RNA polymerase

to pause.

p-dependent terminatio



Rho Dependent Termination in Prokaryotes

RNA polymerase pauses

due to its interaction with

the stem-loop structure. rho
protein catches up to the open
complex and separates the

Y RNA-DNA hybrid.

5’

p-dependent termination



Rho Independent Termination in Prokaryotes

1 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.

5’

p-independent termination



Eukaryotic Promoters
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Chromatin Structure Affects Promoter
Core histone Access

-
Histone
deacetylase

ATP-dependent
chromatin remodeling
complex

Change in the relative positions Chane in the sacing of
of a few nucleosomes nucleosomes over a long distance

(b) Chromatin remodeling
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RNA processing: RNA splicing
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The roles of snK

In pre-mKE
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