
  

Post-transcriptional regulation

The life and the half-life of RNAs
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Rest in pieces...

Most basic common feature: ? 



  

Quality control

Surveillance mechanisms

Non-sense Mediated Decay
Non-Stop decay

No-go decay

Superhighways to destruction

Decapping
Deadenylation dependent
Deadenylation independent
Endonuclease mediated
Exonuclease mediated
(5' →  3' or 3' → 5')

Signals that control mRNA decay

Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol
Schoenberg & Maquat, 2012 – Nat Rev Genet
Houseley & Tollervey – 2009- Cell

AU rich-elements
Proteins
NcRNAs
….



  



  

Cap Structure 

Poly-A tail

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Homopolymeric stretch of ~25-200 adenine nucleotides



  Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol

Reversível!



  
Eckmann et al, WiresRNA, 2011



  

How and when/where deadenylation is triggered??? Not sure...

Poly-A tail length

Inhibited by PABP

Embryogenesis in plants
Xenopus oocytes maturation

Ribonuclease D activity – 3' →  5'exoribonuclease

Garneau et al, 2007



  Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol

Reversível!



  

Exosome: 3' →  5'decay

Hydrolytic exonucleases
RNA helicases

RNAse PH domain = 
Contributes to catalytic activity

RNA processing



  
Houseley et al, Nat Rev Mol Cel Biol, 2006



  

Decapping and 5' →  3'decay

Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol



  

Lsm proteins

Wilusz et al, 2005



  

P bodies : 
crossroads of post-transcriptional pathways

Or GW bodies
Components of the 5' →  3'decay pathway

Translation Initiation 
Deadenylation
Decapping
5' → 3' exonucleolityc decay
NMD decay
miRNA decay
Components of exosome?

Cellular sites of decay
- although it is unknow what % of mRNA decay actually occur in P bodies

Dynamic structures!

Eulalio et al, Nat reviews Mol Cell Biol 2007



  

Lsm – green
XRN1 – red
DNA - blue

Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol

Besides decay – importance of P-bodies?? 



  

Alternative routes to decay

Edc3 – enhancer decapping

Rps28 – binds stem loop structure at 3' UTR of its own mRNA

Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol



  

Alternative routes to decay

PMR1 – polysome associated endonuclease – target RNA?
IRE1 -unfolded protein response – ER stress
RNAse MRP – rRNA, mitochondrial RNA, cyclin degradation

Highly regulated!!!

Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol



  

mRNA surveillance

Nucleus
What kind of errors would result in nuclear mRNA decay?

Similar to cytoplasm mRNA decay:
5' → 3' 
3' → 5'
Nuclear Exosome
Lsm
Deadenylation – more processive in the nucleus

REGULATION OF GENE EXPRESSION

TRAMP – polyA polymerase activity → exosome recruitment → rapid decay!



  

Houseley et al, 2006 Nat Mol cel Biol



  

NMD
Nonsense
Mediated
Decay

PTC
Premature
Termination
Codon

EJC
Exon
Junction
Complex

ROLE in 
Gene expression
Regulation!

Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol



  

Schoenberg & Maquat, Nat Rev Genet 2012

NMD factors 
As regulators of 
NMD

ALL eukaryotes



  Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol



  Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol



  

Signals that control mRNA decay

Au -rich elements and their binding proteins (ARE)  - 9% cellular mRNA

40-50% changes in gene expression – at level of mRNA stability



  Garneau, Wilusz & Wilusz, 2007 – Nat Rev Mol Cel Biol



  

RNA binding proteins

Binding modulation in 
response to signals

Signals that control mRNA decay

Schoenberg & Maquat, 2012 – Nat Rev Genet



  

Signals that control mRNA decay

Puf proteins 
Recognize UG rich sequences – accelerate decay
Recruits CCR4-NOT deadenylase

Each Puf has functionally related target transcripts

Miller & Olivas, Wires RNA, 2010



  

Signals that control mRNA decay

Stabilizing elements

Specific RNA sequences
Stable transcripts – housekeeping role
Pyrimidine rich elements at 3'end
Binds KH domain protein

Helicases
Place markers?

Polymerases

Small RNAs

How are ribonucleases regulated?
                 ?????????



  



  

Houseley & Tollervey – 2009- Cell



  
Houseley & Tollervey – 2009- Cell



  

Houseley et al, 2006 Nat Mol cel Biol



  
Houseley et al, Nat Rev Mol Cel Biol, 2006



  

Non-coding RNA quality control

Reinisch & Wolin, 2007 – Curr op Struct biology

TRAMP/exosome

RNA quality control proteins interact with relatively general RNA structures: 
Scavenger pathways

Correctly folded RNAs are sequestered by specific RNA-binding proteins 
→ protected from degradation 

Ro binds misfolded RNAs that contain both a single-stranded 3′ end and helices
Ro may bind RNAs that, because they are misfolded, do not associate with their correct 
RNA-binding proteins.



  

Rest in pieces...

Pieces = not necessarily single nucleotides !!!



  

RNA degradome

Jackowiak et al, NAR 2011



  

Why is RNA degradation so efficient??



  

Why is RNA degradation so efficient??

-Prevalence of exonucleases relative to endonucleases
Role of small RNAs in gene expression
Selection against accumulation of random RNA fragments

- Hydrolysis is thermodynamically favored 
(hydrolysis vcs phosphorolysis)

- RNA-DNA hybrids: may interfere with DNA replication

- Sequestration of RNABP

- Viral supression

Most organisms: various extracellular, nonspecific RNAses
5'OH and 3'P

Houseley & Tollervey – 2009- Cell



  

Why is RNA degradation so complicated??

How to distinguish 'normal' vs 'defective'?



  
Houseley & Tollervey – 2009- Cell

Equilibrium model for RNP assembly

Experimental evidence against
Yeast mutants



  

Houseley & Tollervey – 2009- Cell

Kinetic
Proofreading

Hopfield, 1974

Kinetic
Proofreading
In RNP assembly

Ribosome synthesis
180 proteins
75 snoRNPs
79 ribosomal proteins
7kb pre rRNA

19 RNA helicases
6 GTPases



  

Bacterial vs Eukaryotic RNA decay
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