RNA life cycle

The Life of Eukaryotic mRNA
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The life of eukaryotic mRNA
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The life of eukaryotic mRNA
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Nuclear fate of RNA

Birth of RNA - transcription
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Transcription cycle by Polll

” Active

TFIIF sita Mg

Initiation-competent
complete Pol II-TFIIF complex

reader/linker

Minimal closed
promoter complex

X e-Amanitin
binding site

Pol II-Spt4/5 elongation complex

Minimal open
promoter complex

Initially transcribing
complex (ITC)

Cheung, Cramer, Cell , 2012



Nuclear fate of RNA

RNA matures - RNA processing



Two-step splicing reaction
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Eukaryotic gene architecture
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pre -mRNA maturation occurs co-transcriptionally

Beyer, A. L. & Osheim, Y. N. Genes Dev. 2, 754—-765 (1988)



Co-transcriptional RNA splicing
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Co-transcriptional RNA splicing
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Cellular environment can modify RNA life cycle

Alternative splicing- when multiple distinct mRNAs are made from the same gene by splicing different combinations
of the exons and introns

pre-mRNA

MmRNA

protein




Cellular environment can modify RNA life cycle
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What is the potential for the alternative splicing?

DSCAM

# alternative
splicing
options

isoforms

L
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12x48x33x2=38016

only 17 000 genes in fruit fly

Dscam isoforms function to
mediate cell recognition events
during the wiring process.



Majority of human genes undergo alternative splicing

VS

# GENES 20000

# introns/gene ~5 ~8

% of Alt Spliced genes ~ 10-25% ~70-95%



Alternative processing leads to increased proteome diversity
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Nuclear fate of RNA

RNA processing — factors and co- transcriptional regulation



RNA processing regulation -splicing

Interaction of splicing factors with cis-sequences

Exon definition

Nature Reviews | Molecular Cell Biology
Alberto Kornblihtt (University of Buenos Aires)



Pol Il coordinates RNA maturation..

via CTD domain
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Pol Il coordinates RNA maturation..
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Kinetic regulation by Pol Il is essential
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Cytoplasmic fate of mMRNA

RNA moves



Classic Examples of Localized mRNAs
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Cytoplasmic fate of mMRNA

RNA plays its role - translation



Mechanisms of translation regulation
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Mechanisms of translation regulation

Gebauer & Hentze, Nature Reviews 2004



Cytoplasmic fate of mMRNA

End of RNA- RNA degradation



Mechanisms of mMRNA degradation in eukaryotes

A) Deadenylation-dependent B) Deadenylation-independent
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Fate of MRNA

RNA binding proteins



The life of eukaryotic mRNA - mRNPs

Concentration estimates of RNA-BP to mRNA sequences
in the nucleus and cytosol of U-2 OS cells
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RNA:s in cells are associated with RBPs

The RBPs function is context-dependent/shapes development

RBPs developmentally regulated through levels/localization.



SR proteins control all steps of mMRNA life cycle

Name Aliases Domain Structure
* Required for constitutive and alternative splicing
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SR proteins control all steps of mMRNA life cycle

e.g. translation
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SR proteins control all steps of mMRNA life cycle

e.g. translation

Spindly
NDC80
SMC2 ERCCL6
SMC4 KNTC1
NCAPG GPSM2
CENP-U CBX3  CKAP2

|

Centrosome PDSSb
MLF1IP

/ PLK1S1
Calml

' i Calm2
e Calm3 /
CEP170 CDC26

Centrosome gi :;(7) st(:(ROAS
Mztl

Maslon and Heras et al, 2014, Elife



Consequences of lack of SRSF1 in cytoplasm
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SRSF1 translation ensures appropriate cell division
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SRSF1 translation ensures appropriate development
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Discoveries on RNA biology

1956

Single-stranded RNAs can hybridize
to form 2 double-stranded molocule

1961
Discovery of messenger RNA

1962
Discovery of RNA replcase

1970
Discovery of reverse transcriplase

19717
Discovery of RNA spicing

1982
Discovery of catalytic RNA (nbozyme)

1903
Discovery of microRNA

1998
Discovery of RNA inerference

Developments in RNA therapy

1978
Inhition of RSV using antisense 0sgo

1990

fn vivo injection of mRNA

1o produce protesn in mice

1993

The first study to show the modulation
of splicing by antisense RNA

1993
Injection of influenza MRNA 10 induca
immune response in mice

1905

The first mRNA vaccine desgned for
cancer treatment in mice

1998

The first antisense RNA drug approved

2002

The first use of RNAI to destruct HCV
n mice

2004

The first RNA aptamer drug approved

2010
The first clinical trial based on RNAI

2013

The first clinical trial of mMRNA vacone
for infectious discase

2018

The first siRNA drug approved

2020
Approvement of mRNA vaccine for
amargency use (fully approved in 2021)

RNA based drugs

mRNA drug
or vaccine




Cancer
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We can trick splicing machinery by using antisense oligonucleotide (ASO)
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SMA is caused by recessive mutation in SMN1 gene

Full tength mRNA
of SMN1
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Therapeutic modulation of alternative splicing

Nusinersen e
eheroon ,m,,,,,,,,,,,,,,,,,,, Intronic
- splicing
SMN1 pre-mRNA SMN2 pre-mRNA . silencer
(/= S /=S /BB / ,,.-_,,._-_, —{-/
Normal Normal
splicing + Nusinersen splicing
Y
Exon7 : ) - Exon 7
inclusion s EET 5T T skipping
Translation 1 lTranslation
™ )
p .5
Stable SMN Unstable SMN

Marasco & Kornblihtt, Nature Reviews 2022



Summary

* Most genes are able to produce multiple mRNA products

* mMRNA life cycle is dependent on the coordinated effects of a large
and intricate set of regulatory machinery

* RNA binding proteins are involved in all steps of RNA life cycle
* Errors of RNA biology are common and found in human disorders



