
Mechanisms of alternative splicing regulation 

The number of mechanisms that are known 
to be involved in splicing regulation 
approximates the number of splicing 
decisions that have been analyzed in detail. 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Mechanisms of alternative splicing regulation 

• facilitating splice site recognition 
• inhibiting splice site recognition 

• direct interference 
• multimerization and looping out model 

• position‐dependent splicing regulation 
• some splicing factors act as activators or repressor 
depending on the location of their binding sites, the CLIP 
assay (NOVA, FOX and PTB) 

• transcription coupled alternative splicing regulation 
and the kinetic model 



Splicing and spliceosomal assembly 

Mechanisms of alternative splicing regulation: insights from molecular 
and genomics approaches Mo Chen and James L. Manley  
NATURE REVIEwS | Molecular cell Biology  VOLUME 10 | NOVEMBER 
2009 | 741  



Mechanisms of alternative splicing regulation 

• facilitating splice site recognition 
Exonic elements :SR proteins binds ESE and facilitate  
  recruitment of U2 at the 3’ss 
  recruitment of  U1 at the 5’ss 
  recruitment of cofactors (Tra2 or SRm160) 
Intronic ISE (AU‐rich seq) binds TIA1 and facilitate recruitment of U1snRNP 



Mechanisms of alternative splicing regulation 

• inhibiting splice site recognition 
• direct interference 

Direct steric interference blocking the access of the snRNP or of a positive splicing factor 
  ‐Polypyrimidine Tract Binding proteins directly binds to polyY and blocks U2AF 
  ‐hnRNPA1 binds to an ISS near U2 site (HIV) 
  ‐the tissue specific splicing factors FOX1 and FOX2 interfere with the Branch Point 
   or with an ESE 



Mechanisms of alternative splicing regulation 

•  inhibiting splice site recognition 
• multimerization and looping out models 



Mechanisms of alternative splicing regulation 

• position‐dependent splicing regulation 
• some splicing factors act as activators or repressor depending on their 
location on their binding sites  
• the CLIP example (NOVA, FOX and PTB) 

Anna Corrionero and Juan Valcarcel Molecular Cell 36, December 24, 
2009 



Cross‐Linking ImmunoPrecipitation (CLIP) 

• A method to identify protein binding site on RNA in living cells.  

• After  UV   irradiation,   cells   are   lysed   and   the   crosslinked   RNA‐protein 
complexes immunoprecipitated.  

• Treatment with RNase digests away the RNA molecules except for those 
fragments protected by their interaction with the protein. 

• Sequencing of these RNA tags not only identifies target transcripts, but 
also informs about the location of protein binding within the transcript.  

• When   combined   with   high‐throughput   sequencing   technologies,   the 
method allows  one   to  exhaustively  characterize  binding  sites   in  whole 
transcriptomes, thus providing a panoramic view of targets and possible 
functions of the RNA‐binding protein. 



How it works? 

•  Cells or tissues are treated with UV irradiation 
that generates a covalent bond between RNA and 
protein that are in close contact within the 
complex 

UV cell 

proteins 

RNA 



•  Cell lysate preparation 

RNase 
digestion 

proteins 

RNA 

Collection of cells 

and centrifugation 

Cell lysis Sonication Supernatant 
with RNA-
protein 
complexes 

•  Partial RNase digestion (size of cross‐linked RNA is 
reduced to approximately 50 nucleotides) 

and centrifugation 



•  Antibody and beads preparation 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•  Immunoprecipitation 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of RNA‐protein complexes) 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•  RNA labelling, SDS‐PAGE and protein degradation 

32P labelling 

SDS-PAGE 

32P 

32P 
32P 

32P 

Proteinase K treatment 
Band excision 

•  RNA isolation and purification 

•  RT‐PCR and sequencing of RNA tags (HITS‐CLIP 

•  Gene alignment and in vivo validation 



Cross‐Linking ImmunoPrecipitation 
summary 



Ule, J., Jensen, K.B., Ruggiu, M., Mele, A., Ule, A., and 
Darnell, R.B. (2003). Science 302, 1212–1215.  



RNA binding proteins studied by CLIP 

1) NOVA proteins 

Neuron‐specific antigens 

Regulate neuronal pre‐mRNA splicing 

Target transcripts encode for proteins that function at the neuronal 
synapse 

YCAY tetramer abundance in NOVA tags Genomic location of the tags 

Ule, J., Jensen, K.B., Ruggiu, M., Mele, A., Ule, A., and 
Darnell, R.B. (2003). Science 302, 1212–1215.  



NOVA‐dependent regulation of alternative 
splicing 

Splicing enhancers 

Splicing silencers 

RNA map predicts NOVA-dependent 
               splicing regulation 



2) Fox 2 protein 

tissue‐specific expression in muscle and neuronal cells 

Regulates alternative splicing through binding to UGCAUG sequence 

Yeo et al Nat Struct Mol Biol. 
2009    16(2): 130–137 

stem cells 



2) Fox 2 protein 



3) PTB  RNA-binding protein 
Generally considered as a splicing repressor 

Molecular Cell 36, 996–1006 2009 

HeLa cells 



Anna Corrionero and Juan Valcarcel Molecular Cell 36, December 24, 
2009 



Mechanisms of alternative splicing regulation 

• transcription coupled alternative splicing regulation 
• recruitment model 
• kinetic model 



Coupling of pre mRNA processing and 
transcription 

•  Bentley experiments 
–  bacterial Polymerases do not support RNA processing 
–  use amanitin‐resistant PolII with different length of 
the tail 

–  reducing the PolII tail reduces RNA processing 
(capping, splicing and polyadenilation)  

•  promoter and alternative splicing  
–  the promoter architecture modulate alternative 
splicing 

•  speed of the the polymerase 
–  PolII processivity influences alternative splicing 



RNA Processing is 
Coupled with Tx 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McCracken et al. Nature 1997 

The CTD of the large subunit co‐ordinates transcription and RNA processing in 
protein‐coding genes 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The   C‐terminal   domain   of   PolII   couples 
RNA processing to transcription 
Bentley Nature 1997 



The promoter architecture modulates alternative splicing 



A human PolII carrying a mutation (R749H) is less processive in vivo and 
affects alternative splicing 



Kinetic coupling model for the regulation of alternative splicing by pol II elongation 



Slow elongation is caused by the CTD hyperphosphorylation (yellow circles) that follows for example UV‐triggered DNA 
damage. The 3’ splice site by the alternative cassette exon (blue) is weaker than the 3’ splice site of the downstream intron 
(red). High elongation rates (a) favor skipping, whereas low transcriptional elongation rates (b) and (c) favor exon inclusion. 
(b) and (c) depict two alternative pathways for the “first come, first served” mechanism of splice site selection leading to 
higher exon inclusion. (b) Slow elongation causes preferential excision of the upstream intron (first served = first excised). (c) 
Slow elongation causes commitment to inclusion of the alternative exon via recruitment of splicing factors (first served = 
first committed) independent of the relative order of intron removal 

Kinetic coupling model for the regulation of alternative splicing by pol II elongation 



Nucleosomes (broken circles) are preferentially bound to exons, whereas introns are 
mostly devoid of nucleosomes. Exons are therefore marked at the DNA level by 
nucleosome positioning, which may act as 'speed bumps' for RNA polymerase II, 
helping in the co-transcriptional recruitment of splicing factors to the nascent pre-
mRNA and improving exon definition.  
As nucleosomes accommodate DNA stretches of approximately 147 nt, their 
preferential location on exons (mean size 145bp) may act as the selective pressure 
factor for the conservation in exon length. 

Nature Structural & Molecular Biology 16, 902 - 903 (2009)  
When chromatin meets splicing Kornblihtt A. et al 

Mean exon size corresponds to nucleosome accommodation on DNA 
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Alternative splicing and tissue specificity 

• AS regulation by constitutive splicing factors 
  subtle changes in the concentration of  antagonistic splicing 
  factors  (hnRNPs and SR proteins) 
• AS regulation by post‐translational modification of splicing factors 
(phosphorylation) 
• AS regulation by tissue specific splicing factors 



Alternative splicing and tissue specificity 

• AS regulation by tissue specific splicing factors 



Readings 

•  MMo Chen and James L. Manley.  Mechanisms of alternative splicing regulation: insights from 
molecular and genomics approaches NATURE REVIEwS ,Molecular cell Biology , 10,  2009,  741. 

•  Nilsen TW, Graveley BR. Expansion of the eukaryotic proteome by alternative splicing. Nature. 2010 
Jan 28;463(7280):457‐63. 

•  Ule J, Jensen KB, Ruggiu M, Mele A, Ule A, Darnell RB. CLIP identifies Nova‐regulated RNA networks 
in the brain. Science. 2003 Nov 14;302(5648):1212‐5. 

•  Anna Corrionero and Juan Valcarcel Molecular. Cell 36, December 24, 2009 (News and Views on 
CLIP assays) 

•  Alberto Kornblihtt. Promoter usage and alternative splicing . Current Opinion Cell Biol 2005  
17:262‐268. 

•  Nature Structural & Molecular Biology 16, 902 ‐ 903 (2009)  
When chromatin meets splicing Kornblihtt A. et al 

•  Nature. 2008 Nov 27;456(7221):464‐9 
  HITS‐CLIP yields genome‐wide insights into brain alternative RNA processing. Licatalosi DD, et al  

(The CLIP identify NOVA as regulator of Alterantive PolyAdenilation) 

In red those papers that are part of the exam (i.e. one question will 
be to comment a figure) 


