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Gene expression by transcription Genome

Transcriptome



Ribosomal RNAs

23S and 28S rRNAs are ribozymes - catalyze the peptidyl transfer reaction 



tRNA structure

tRNAs function as adaptor 

molecules



Eukaryotic mRNA Structure



Three major types of RNA:

•Ribosomal RNA (rRNA)-about 80% of total

processed by endonuclease cleavage, some modified bases.

Modified in both prokaryotes and eukaryotes.

•Transfer RNA (tRNA)-about 15% of total

Spliced, 5’ and 3’ ends trimmed, CCA sequence added at the

3’ end, and bases are modified. Modified in both prokaryotes 

and eukaryotes.

•Messenger RNA (mRNA)-about 5% of total

Spliced, capped at 5’ end and polyA tail added at 3’ end, 

only in eukaryotic cells. None of these modifications occur

on prokaryote mRNAs.



RNA Polymerases

A single RNA polymerase in prokaryotes

multiple sigma factors

Three different nuclear RNA polymerases in eukaryotes

Pol I - rRNA (28S, 18S, 5.8S)

Pol II - mRNA and most snRNAs

Pol III- tRNA, 5S rRNA, some small nuclear RNAs

Eukaryotic RNA Pol II has a high sensitivity to the poisonous toxin

!-Amanitin that inhibits mRNA synthesis.

Unlike DNA polymerases, RNA polymerases do not require 

a primer and do not have proofreading activity.



Prokaryotic RNA Polymerase

2!-assembly

1"’-template binding (interacts with TATA box and -35 sequence)

1" -5’->3’ polymerase activity

# - sigma factor, provides promoter specificity to core enzyme 



Transcription of RNA refers to reactions catalyzed by a

DNA-dependent RNA polymerase.

DNA template + n(NTP)       pppN(pN)n-1 + (n-1)PPi + DNA template 



Transcription Reaction Mechanism

Lehninger Principles of Biochemistry 4th edition, Edited by David L. Nelson and Michael M. Cox, Copyright © 2005 W.H. Freeman and Co.



DNA-RNA complementarity during transcription

Like DNA replication, RNA synthesis proceeds in the 5’->3’ direction 



A promoter is a region on the DNA that contains nucleotide  

sequences recognized by RNA polymerase as the start-site for 

transcription.  It determines the specificity of transcription. 

Structure of the prokaryotic promoter



Local unwinding caused by RNA polymerase during transcription

generates supercoils that can be relaxed by DNA topoisomerases.



Early events in prokaryoric transcription



Simultaneous transcription of a gene by multiple RNA polymerases 

can be visualized by electron microscopy.



Rho-dependent termination, is an enzymatic mechanism that 

employs a hexomeric ATP dependent RNA-DNA helicase. 

Binds a Rho recognition site near the ‘3 end of the nascent RNA. 

Migrates to the RNAP at these specific sites

Separates the mRNA transcript from the DNA template. 



Rho-independent termination mechanism is non-enzymatic



DNA intercalating antibiotic agents act as transcription inhibitors

Lehninger Principles of Biochemistry 4th edition, Edited by David L. Nelson and Michael M. Cox, Copyright © 2005 W.H. Freeman and Co.

 (Dactinomycin)



From Lippincott’s Illustrated Reviews 

Biochemistry, 3rd edition

Inactivation of bacterial 

RNA polymerase by Rifampin



The lactose operon of

E. coli bacteria.



Eukaryotic promoter structure

Contain DNA sequences recognized by proteins (transcription factors)

DNA sequences are “cis-acting elements” 



Eukaryotic General

Transcription Factors(TFs)

TFs are proteins acting as

“trans-acting factors”

TFIID-binds to TATA box

TFIIF-brings RNAP to the

promoter

TFIIH- opens ds DNA and

phosphorylates CTD

Co-activators-TFs that bind

to other proteins such as

HATs



Enhancers

Contain response 

elements in their DNA

sequence that bind 

TFs to activate gene

transcription

Have similar 

characteristics to 

“Silencers” except that 

these repress gene 

transcription



Chromatin Remodeling-Some general rules

Repressed chromatin DNA is hypermethylated (heterochromatin)

5-methyl cytosine in 5’CpG3’ islands most common

Active chromatin DNA (euchromatin) is demethylated

Histone acetylation coincides with demethylation of DNA for 

gene activation

The Histone Code is a series of post-translational modifications on 

histones proposed to regulate gene activation

phosphorylation

acetylation (regulated by HATs, HDACs)

methylation

mono-ubiquitination



Post-transcriptional modifications of RNA



Eukaryotic rRNA processing steps

Primary transcript

Processing is carried

out by Ribonucleases,

Exonucleases,

snoRNAs participate

in base and sugar

modifications



General tRNA processing steps



Eukaryotic mRNA processing steps



Steps for capping of

mRNAs

Lehninger Principles of Biochemistry 4th edition, Edited by David L. Nelson and Michael M. Cox, Copyright © 2005 W.H. Freeman and Co.



Polyadenylation requires 3’-end cleavage by a

endonuclease and poly-A addition by polyadenylate

polymerase.

(exception: Histone mRNAs are not polyadenylated)

• Cleavage of primary transcript approximately 10-30

nucleotides downstream of the AAUAAA polyA-addition

concensus sequence

• Addition of up to 200 adenylate residues by polyA pol.

• Association of polyA-binding protein (PABP) at polyA tail

• PolyA stabilizes mRNA





Eukaryotic mRNA splicing



Figure 12.27  Genomes 3 (© Garland Science 2007)

Splicing of GU-AG introns



Figure 12.30  Genomes 3 (© Garland Science 2007)

The role of snRNPs and associated proteins during splicing



Alternative splicing patterns for eukaryotic mRNAs



Figure 12.32b  Genomes 3 (© Garland Science 2007)

Single versus alternative splicing pathways



RNA interference
siRNA, short interfering RNA

miRNA, micro-RNA-protein

RISC, RNA-induced silencing complex



Figure 12.46  Genomes 3 (© Garland Science 2007)

The RNA interference pathway



Figure 12.48  Genomes 3 (© Garland Science 2007)

The microRNA interference pathway



Review slide 



Review slide



Pop Quiz:

1-Define transcription_______________________________________________________

2- The RNA Polymerase(s) most sensitive !-amanitin _____________________________

3- The RNA Polymerase(s) most inhibited by Actinomycin D________________________

4- Sigma factor is necessary for what process in transcription? _______________________

5-Rho factor is required for what process in transcription?___________________________

6-Answer “P” for prokaryotic and “E” for eukaryotic:

a-mRNA 5’-end has a phosphate group  ___________

b-mRNA contains poly-A tail                 ___________

c-mRNA is spliced                                  ___________

7- Define “siRNA”__________________________________________________________

8- A sequenced required for 3’ end polyadenylation of mRNAs_______________________

9-What is the RNA transcript derived from the DNA template GATCTAC ? ____________




