Chapter 8: RNA Synthesis and Processing



Lecture 9: Transcription in Bacteria

Learning objectives
Explain how £&. co//f RNA polymerase initiates transcription
Diagram a bacterial promoter sequence

Describe the processes of transcription termination




RNA polymerase
« catalyzes the polymerization of ribonucleoside triphosphates (NTPs) as directed by a

DNA template
« catalyzes the growth of RNA chains always in the 5’ to 3’ direction

« dose not require a preformed primer to initiate the synthesis of RNA; de novo synthesis

E. Coli RNA polymerase
 Core polymerase (2a, B, B’, ®) : RNA synthesizing activity

* o : required to identify the correct sites for transcription initiation

E. coli RNA Polymerase



Bacterial Promoters

: The DNA sequence to which RNA polymerase binds to initiate transcription of a gene

- Consensus sequences (S SA €): -10 element & -35 element

1.Genes with promoters that differ from the consensus sequences are transcribed less
efficiently.

2.Mutations introduced in either —35 or —10 consensus sequences have strong effects
on promoter function.

3.The sites at which RNA polymerase binds to promoters have been directly identified
by footprinting experiments
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E. coli Promoters

Transcription

Promoter I Coding sequence of gene
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TCTCAACGTAACACTTTACAGCGGCG« CGTCATTTGATATGATGC+-GCCCCGCTTCCCGATAAGGG
GATCAAAAAAATACTTGTGCAAAAAA - - TTGGGATCCCTATAATGCGCCTCCGTTGAGACGACAACG
ATGCATTTTTCCGCTTGTCTTCCTGA+ -GCCGACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
CCTGAAATTCAGGGTTGACTCTGAAA - - GAGGAAAGCGTAATATAC+-GCCACECTCGCGACAGTGAGC
CTGCAATTTTTCTATTGCGGCCTGCG+* - GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
TTTTAAATTTCCTCTTGTCAGGCCGG - - AATAACTCCCTATAATGCGCCACCACTGACACGGAACAA
GCAAAAATAAATGCTTGACTCTGTAG* - CGGGAAGGCGTATTATGC+-ACACCECGCGCCGCTGAGAA
TAACACCGTGCGTGTTGACTATTTTA-CCTCTGGCGGTGATAATGG: - TTGCATGTACTAAGGAGGT
TATCTCTGGCGGTGTTGACATAAATA -CCACTGGCGGTGATACTGA+ -GCACATCAGCAGGACGCAC
GTGAAACAAAACGGTTGACAACATGA - AGTAAACACGGTACGATGT-ACCACATGAAACGACAGTGA
TATCAAAAAGAGTATTGACTTAAAGT - CTAACCTATAGGATACTTA-CAGCCATCGAGAGGGACACG
ACGAAAAACAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC-AAATCGCTAGGTAACACTAG
GATACAAATCTCCGTTGTACTTTGTT - - TCGCGCTTGGTATAATCG-CTGGGGGTCAAAGATGAGTG
-35 -10 +1 ——
(c) Consensus sequences for all E. coli promoters
—35 region 15-17 bp —10 region
TTGACAT



Transcription

by E. coli RNA Polymerase

1.RNA polymerase binds
nonspecifically to DNA with low
affinity

2.c factor binds specifically to both —
35 and —-10 sequences and directs
RNA polymerase to promoters

3.RNA polymerase unwinds 14 bases
of DNA (12 to +2): closed
promoter to open promoter

4.After addition of 10 nucleotides, o
is released from the polymerase

Polymerase boun
nonspecifically to

Closed-promoter complex
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Structure of Bacterial RNA Polymerase

B and B’ subunits of E.coli RNA polymerases form a crab claw-like structure that grips
the DNA template
- RNA polymerase remains associated with its template while it continues synthesis of

MRNA




Transcription Termination

Termination sequences: a symmetrical inverted repeat of a GC-rich sequence

followed by several A residues

1. Transcription of the GC-rich sequence 46
5 ‘2;"9‘0

-> a stable stem-loop structure by self- A o S
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2. Several A residues

- facilitates the dissociation of the RNA

5 A

from its template
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Eukaryotic RNA polymerases and General
transcription factors

Learning objectives
Summarize the roles of different eukaryotic RNA polymerases
Distinguish between the binding of bacterial and eukaryotic RNA
polymerases to promoters
Describe the functions of the general transcription factors for RNA
polymerase |l
Summarize the organization of promoters transcribped by RNA

polymerase | and Il




Eukaryotic RNA polymerases and general transcription factors
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Type of RNA synthesized RNA polymerase

Nuclear genes
mRNA Il
miRNA Il
IncRNA Il
tRNA 1]
rRNA
5.8S, 18S, 28S I
5S 1]
snRNA and scRNA [l and 2
Mitochondrial genes Mitochondrial®

Chloroplast genes Chloroplast®

“Some small nuclear (sn) and small cytoplasmic (sc) RNAs are transcribed o x
by polymerase II and others by polymerase III. Yeast RNA pOI el ==

"The mitochondrial and chloroplast RNA polymerases are similar to
bacterial enzymes.



— Transcription start site
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General transcription factors and initiation = wat ||tk ieoe
of transcription by RNA polymerase Il

» Unlike prokaryotic RNA polymerase, RNA polymerase |l
requires initiation factors that are not associated with the
polymerase

» General transcription factors are proteins involved in
transcription from all polymerase Il promoters.

Binding of polymerase

» Sequence elements include the TATA box which resembles W L

the —10 sequence element of bacterial promoters.

« The first step is binding of general transcription factor TFIID,
composed of multiple subunits, including the TATA-binding
protein (TBP) and 14 other polypeptides, called TBP-
associated factors (TAFs).

Binding of TFIIE
and TFIIH

» Sequential assembly of TFIIB, TFIIF/Pol Il, and then two
additional factors (TFIIE and TFIIH) completes formation of
the preinitiation complex.

RNA polymerase Il preinitiation complex



Eukaryotic RNA polymerase lI/Mediator complexes
and transcription initiation

Within a cell, additional factors are required to initiate transcription.

These include Mediator, a large protein complex of more than 20 subunits; it interacts
with both general transcription factors and RNA polymerase.

Mediators play a key role in linking the general TFs to the gene-specific TFs that
regulate gene expression.

Initiation of transcription

Phosphorylation
of CTD

- - 'l
TFIIH=1. helicase, 2. Kinase D S
- ) Elongation and

CTD processing factors



Transcription by RNA polymerase |

« Two transcription factors, UBF (upstream binding factor), and SL1 (selectivity
factor 1), bind cooperatively to the rDNA promoter and recruit RNA polymerase |
to form an initiation complex.

« Transcription yields a large RNA molecule (45S pre-rRNA), which is then
cleaved into 28S, 18S, and 5.8S rRNAs

(A) Courtesy of 0. L. Miller Jr

(B) UBF /' SL1 Polymerase |

Promoter Transcription
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Processing
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Transcription of the ribosomal RNA gene



Transcription by RNA polymerase Il

The promoters of 5S rRNA and tRNA
genes are downstream of the transcription
Initiation site: Internal promoter.

Transcription of the 5S rRNA gene is
initiated by the binding of TFIIA,
followed by the binding of TFIIIC,
TFIB, and the polymerase.

Promoters of tRNA and U6 snRNA genes
do not contain binding sites for TFIIIA
and are recognized by other factors
(TFINIC and SNAP, respectively) that
recruit TFI1IB and RNA polymerase

5S rRNA TFIIB

Promoter

Promoter +1

SnRNA activating protein (SNAP)



