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SUMARIO

Overview do controle pos-transcricional;

* Arelevancia da associacao RNA — proteina
* Processamento do RNA;

* Splicing alternativo;

* Transporte das mRNPs;

e Degradacao do mRNP;

* Préoxima aula.



ETAPAS NO CONTROLE DA EXPRESSAO
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O controle pos-transcricional abrange varias etapas!



A estabilidade do RNA é altamente dependente de proteinas!
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OS RNAs NAO ESTAO SOZINHOS!

Interdependéncia de proteinas e RNA!!!!

Termo correto: hnRNP e mRNP
“heterogeneous nuclear ribonucleoproteins”

“fibril model’ - Stevenin et al. 1982
“mRNP code” - Singh and Valcarcel 2005

B mANA-hIRNP

Abundantes tanto quanto histonas!!!
doi: 10.1038/nrm760



ﬁwailah!f: ;:mline at www.sciencedirect.com Current Opinion in
"+, ScienceDirect Cell BIOlOgy

Linking gene regulation to mRNA production and export
Susana Rodriguez-Navarro' and Ed Hurt?

doi: 10.1016/j.ceb.2010.12.002



MOTIVO RRM ou RBD

Dominio conservado:
1 folha beta de 4 fitas (carga positiva) e 2 alfas
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TABLE 2. Minor hnfENP proteins

0 L onal 2 i
Praofein mdif fumiction
aCE 1X RBD Splicing
Expart
Ald X RBD, RGG Splicing
AlpREF 1X RBD
ASESFY (SRp30a) X RBD
CLICG-BP (kixahs0) IX RED
DEK Mo significand
homalogy
Hrpl/sabg 2X RBDy
Huk: IX RBD
homology
Mplisepd X RBD
PAEPY 4% RBDy
RnPS1 1X RELD Splicirg
EIC
MAAD
SC35 (SRpach) 1X RBLD Splicing
Squidhepa X RBD Localizaticn
SEmib BS domain EIC
Splicing
SRp20 1X RBD Splicing
Expairt
Lipi3 1X RBLD EJC
MAAD
¥i4 1X RELD EJiC
MAaD
Localization
Yl 1X RBD Expart

RNP-CS-RBD motif

KH1 domain (polymer:2)

doi:10.1261/rna.2254110



REVIEW

Heterogeneous nuclear ribonucleoproteins (hnRNPs) in
cellular processes: Focus on hnRNP E1’s multifunctional

regulatory roles

El é codificada por um gene sem intron
proveniente de um evento de
retrotransposicao de hnRNP E2. hnRNP E1 é
constitutivamente expressada e regula as
principais etapas do processo de de expressao
processamente de pre-mRNA, estabilidade de
MRNA e traducao.

doi:10.1261/rna.2254110
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PROCESSAMENTO DO RNA

Durante a transcricao as modificacbes que podem ocorrer
nos transcritos nucleares sao basicamente de trés tipos:

— Capeamento ("capping") do terminal 5';
— Poliadenilacao do terminal 3';
— Montagem de segmentos codificadores ("splicing").

Este conjunto de modificacdes no transcrito nuclear originara
o mMRNA, pronto para migrar para o citoplasma.




No RNA transcrito ha sequéncias que
sinalizacao para seu processamento!!

Transcription Start Poly(A) Signal
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CAPEAMENTO 5’

7-metilguanosina

5" end do transcrito
primario

HO OH
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Logo apos a transcricao, APROXIMADAMENTE 25 pb nascentes
ha a ligacao de 7-metilguanosina ao primeiro nucleotideo 5’
do transcrito de RNA.

FUNCOES:
. Proteger o transcrito do ataque de 5’ exonucleases ;
. Facilitar transporte para citoplasma;

sNRNAs e snoRNAs generalmente possuem

um capeamento 5’ hiper-metilado




AS RNAPOLs POLIMERIZAM RNA DISTINTOS...ASSIM...

LEMBRA???
RNA polimerase | Pré-rRNA
RNA polimerase Il MRNA, snRNA, siRNA, miRNA
RNA polimerase Il tRNA, 55-rRNAsn RNA u6, outros

pequenos RNA estaveis

RNAP Il - Dominio CTD - Tyr-Ser- Pro-Thr-Ser - Pro -Ser
TFIIH - fosforila a Ser5

Ligacao ao complexo dimérico de capeamento



a) RNAPolll com CTD fosforilado Ser2

iniciando a transcricao produz de 20 a
25 pb e pausa com a ajuda da enzima
SPT5 que se liga ao complexo

b) CTD é fosforilada e a enzima de
capeamento (CE - capping enzyme) se
liga modificando o inicio da fita
nascente.

MT se liga a CE (mamiferos ) ou ao P-
CTD (levedura)

c) Impa estimula a MT a ligar cap G
gue é metilado, e a RNAPolll se altera
para continuar a elongacao.



As proteinas trifosfatase usado no
capeamento nao sao conservada!

e Divalent cation-dependent RNA triphosphatases
of DNA —virus e fungo,

* Divalent cation-independent RNA
triphosphatases — nematdides, mamiferos e
outros animais.

5 Molécula alvo para desenvolvimento de antiftingios
e antivirais!!

* Yu L, Martins A, Deng L, Shuman S. (1997) Structure-function analysis of the
triphosphatase component of vaccinia virus mRNA capping enzyme. J Virol.
1997;71:9837-9843.

* Ho CK, Pei Y, Shuman S. (1998) Yeast and viral RNA 5’ triphosphatases comprise a new
nucleoside triphosphatase family. J Biol Chem. 1998;273:34151-34156.



POLIADENILACAO

ApOs o término da transcricao — clivagem terminal do RNA,;
Adicao de cerca de 200 residuos de adenilato (AMP)

FUNCOES:

. Facilitar transporte para o citoplasma;
. Estabilizar o mRNA;

. Facilitar a traducao.

Também influenciada pela CTD da RNApolll

Mas nao dependente de fosforilagao!

10-30 <30
nucleotides nucleotides
[ | I |
- AAUAAA CA| GU-rich or U-rich
1 CLEAVAGE
- AAUAAA CAOH| GU\-rich or U-rich
‘ degraded in
the nucleus
l Poly-A
iADDITION
- AAUAAA CA[AAAAA ---AlOH
~250

Figure 6-37. Molecular Biology of the Cell, 4th Edition.



REGIOES DE CLIVAGEM NAO SAO CANONICAS!!

Gene Distance from poly-A
signal site

I

Em plantas sinal de poli-A - AAUAAA
Leveduras — sequéncias ricas em AU



ALGUMAS PROTEINAS ENVOLVIDAS NO POLIADENILACAO

CPSF: Clivagem e poliadenilacao fator especifico — composto por 4
subunidades: 160kd, 100kd, 70kd e 30 KD cada. Se liga a AAUAAA e
interage com a Pol A polymerase. Cliva o fator de estimulacao (CStF).

CStF: Identifica os locais ricos em GU n U. Interage com os fatores de
clivagem CF-1 e CF 2.

CF1 and CF-2: Enzimas que clivam a extremidade 3’.
PAP: Poli A polimerase é uma proteina monomérica, necessita da
ligacao com poli-A binding protein-Il (PAB-Il). Contém os dominios RBD,

sitios ricos em serina e treonina para fosforilacao.

PAB-II: Estimulo da PAPs e controle do tamanho de causa poliA.



ENTENDENDO O PROCESSO

* CPSF e CStF se ligam aos seus sitio especificos
— sinal poliA e sequéncias ricas em GU/U
respectivamente.

 Juntas em seus respectivos locais de ligacao,
formam um Jooping colocando junto também
o sitio de clivagem.

*CF1 e CF2 se unem a CPSF e CStF e clivam o
RNA.

*PAP se liga ao complexo de fatores de
clivagem.

*O RNA é clivado e CStF com o resto do 3’ é
liberado.

*A clivagem e adicdo do poli A é simultaneo

*Para PAP ser ativada, é requerido o estimulo
da PAB-II.

- . \’
.9 [ZITABPol () pekyrmasine

G) = pre.mRNA

ey —

L0 CRICRNICSE :
~ p ,._ (

—

o/

9" Falyta) po'%m.\{

_—

Show o v""'.,'ﬁf“r':'\"n!ﬁii(|

CRLCRILCSF  Pam Gl ——

YT TY Yy
—_— e
AT

’ . :"»‘- 3|
VIR

—: i
277 -
=% e [ ] S -~
- ~
e + AT
- -
| mRNA deg adation | '\ Sphong of pre-mRNA : Bofic mBNA tanspont theough the nuthesr pore
) \

l Protem factors in pro-mRNA 3% end processing ]



SPLICING
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sequences required for intron removal

5’ 3I

. ‘ | portion of a
- - - AG GURAGU - -\ \- - YURAC----YYYYYYYYNCAGG - - - primary transcript
exon 1 intron exon 2
INTRON REMOVED
5’ 3’ .
—— AG|G v portion of

mRNA
exon1 exon2

Figure 7-19 Essential Cell Biology 3/e (© Garland Science 2010)

Sequéncias especificas e snRNA (small nuclear
RNA - pequenos RNA nucleares) auxiliam junto
a proteinas (RPN) na retirada do introns



ISOFORMAS DE PROTEINAS

Gene
A

1 1
Promotor Terminador
Exon 1 Exon 2 Exon 3 Exon 4 Exon 5

Intron 1 Intron 2 Intron 3 Intron 4

t.,"EP
. e . Transcricao
Transcrito primario {} 0 ¢

“Evolution can seek new solutions without
destroying the old ... the genetic material does not

have to duplicate to provide a second copy of an
essential gene in order to mutate to a new

function.” Walter Gilbert
VVVVYV 0 Tradugao
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SPLICING ALTERNATIVO GERANDO DIVERSAS PROTEINAS

,_> Exon 1 Exon 2 Exon 3 Exon4 Exon 5
Exon 1 Exon 2 Exon 3 Exon4 Exon 5
RNA A0 0 330 a g iiiaaay L0408 0 11 aaaaaa s
l Processamento alternativo l
+
1 2 3 4 5 1 2 4 5 1 2 3 5
mRNA

Proteina A Proteina B Proteina C

Para proporcionar uma enorme diversidade de proteinas em eucariotos
superiores 0s spliceossomos devem n&o somente catalizar o splicing com
grande precisdo mas também exibir um alto grau de flexibilidade permitindo uma
rapida resposta ao sinais regulatorios.



Sequéncias chaves para o controle do splicing ...

Branch Polypyrimidine

5'splice site point tract 3'splice site
Metazoan | Exon IYURA) i 7
Yeast | Exon
’ L]
 5°SS;

Branch point — sitio de ligacao de varios snRNP;
Sequencias ricas em pirimidinas;
3’SS;

Mas como ocorre?

Doi: 10.1016/j.cell.2009.02.009



INTRON
5SS BP 3'SS
pre-mRNA [ )G mmm—pwAG Q Prp43-ATP
/!1/ u2 i EmE mRNP
' U6
5 : Snul114-GTP
l-_',@ Brr2-ATP
Prp22-ATP
Prp5-ATP yg
Sub2/UAP56-ATP
Post-
spliceosomal
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(complex A) U6 U4
U5 U4/U6.U5
Prp28-ATP = 2nd ste Prp22-ATP
p tri-snRNP P Prp16-ATP
- ul

[:l.fl,ﬁu : Catalytic step 1

Precatalytic u spliceosome

spliceosome Brro- AK 1ststy’ (complex C)
(complex B) g 114-GTP™™ dllCIOB) Prp2-ATP

Activated spliceosome
(complex B¥)

snRNP e DExD/H-type RNA-dependent ATPases/helicases ALTAMENTE CONSERVADAS,
assim como as GTPases

doi: 10.1016/j.cell.2009.02.009



E muita proteina envolvida!!!

Spliceosome components

.""’""' RNA-RNA, RNA-proteina e proteina-
s st proteina regem o processo alternativo do
~(13§mp|e)fA - p— ~65 proteins RNA!!

U2 eiex

Precatalytic spliceosome

]| e |

Complex B
proteins

Complex B

Catalytically activated
spliceosome

~35 proteins —— : S ~35 proteins
e Ut

*******

Complex C U4
proteins

19
u2 comlox  UA/UB.US tri-snRNP

PPlases

Complex B
proteins

Complex C

EJC/TREX

Doi: 10.1016/j.cell.2009.02.009




E o splicing alternative ...

SR
protein 7~ : £

‘‘‘‘‘‘

* RRM — RNA recognition motifs;

* RS —arginine serine rich domain;
SR —serine rich domain;

U2FA — U2 auxiliary factors;

ESE — Exonic splicing enhancer.

Doi: 10.1016/j.cell.2009.02.009



Interacoes moleculares entre o branch site e
3’SS colaboram com a modelagem do RNA e o
splicing alternativo!

 U2snRNP

Tamanho da sequéncia intronica e exonica influencia também!!!

doi: 10.1016/j.cell.2009.02.009



Leading Edge

The Spliceosome: Design Principles
of a Dynamic RNP Machine

Markus C. Wahl,23* Cindy L. Will,’>* and Reinhard Luhrmann'+*
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Mechanisms of alternative splicing regulation: insights from

molecular and genomics approaches
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Tudo comec¢a com sinalizacao celular!!

Extra- Cytoplasm Nucleus
cellular

space Stress signals hnRNP A1

doi:10.1038/nrg3778



Alternative splicing and RNA
selection pressure — evolutionary
consequences for eukaryotic genomes

Yi Xing**s and Christopher Lee*

doi:10.1038/nrg1896



Constitutive Major Minor

Genomic

ESTs

Table 1| Characteristics of ancestral alternatively spliced exons

Characteristic Ancestral alternatively References

spliced exons compared with
constitutive exons

Exonsize Shorter 67,79,81

Frame preservation More likely to be a multiple of 81-53,04,00
3 nucleotides

Intronic conservation Highly conserved 15,65,77,81,82

doi:10.1038/nrg1896



a Regulate U2 maturation

U2

T

b Compete for the
limited machinery

BPS  PPT
3'SS 5'SS

C Block the switch to intron definition

hnRNP L
hnRNP A1

doi:10.1038/nrg3778



Surgimento do splicing alternativo

Aa

LA [ | B |
Alternative Alternative
558 55 1

W

A [ 8 T ¢ 1
A [ 8 T ¢

Ab

1 Weak ' 55

l Creation of ESS

A T ¢ 1

Alternative splicing and evolution:
diversification, exon definition
and function

Hadas Keren, Galit Lev-Maor and Gil Ast

Mutac¢des reduzindo o reconhecimento de um
éxon:

Aa — novos alternativos 5’ SS ou 3’ SS
Ab — Reducao do reconhecimento 5'SS.

Ac — MutacOes em éxons ou introns

doi:10.1038/nrg2776



EXPORTACAO DO mRPN

DNA

nucleus
B ei——
cytoplasm

recycling '
«

AAAAAAAA @
checkpoint

@

AAAAAAAA
Yra1/REF ‘ mature mRNP

G;

@

TAP- p15

Dbp5
release

-~ g "

Sinalizacao 20 a 25 pb
upstream de exons
para a ligacao aos
receptores de
exportacao — splicing e
exportacao
acoplados!!!

Minireview
Nuclear export of mRNA

Daniel Zenklusen, Frangoise Stutz*
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Sao heterodimeros com dominios ndo candnicos de ligacao ao RNA (RDB)!



Full text provided by www.sciencedirect.com
b

EH.'.IENEE@ DIRECT*
ELSEVIER

Transport of messenger RNA from the nucleus to the
cytoplasm
Charles N Cole'? and John J Scarcelli’

Cytoplasm

Nuclear envelope >

Nucleus

Dbp5 - proteina chave na altera¢ao da
MRNP citoplasmatica!

Current Opinion in Cefl Biology

Mas como isso funciona???
Ninguém sabe...© doi 10.1016/j.ceb.2006.04.006



Full text provided by www.sciencedirect.com

SCIENCE@DIHECT°

M
Dynamics of transcription and mRNA export
Xavier Darzacq'?, Robert H Singer' and Yaron Shav-Tal’
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doi: 10.1016/j.ceb.2005.04.004



Leading Edge

The Many Pathways of RNA Degradation

Jonathan Houseley! and David Tollervey?-*

"Wellcome Trust Centre for Cell Biology, University of Edinbungh, EHS 3R, UK
*Comespondence: d tollerveyBed ac.uk

DOl 10.10 16/ 2l 2009.01.019
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REVIEWS |

Controlling nuclear RNA levels

Manfred Schmid®* and Torben Heick Jensen®
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Table 1 | Examples of functional antisense transcription across all kingdoms of life

Mechanizm
of action

Dty
methylation
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A5 1o
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Inactivates X chromosome gene expression
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by bavth histone H3 Iysine 27 (HIK2T) methylation and DA

meathylation
Represses BOMWF by histone modification

Silences the HOXD bocus in frans by the recneitment of
Polycomb proteins

Represses FLC sense gene by H3K4 demethylation and recruits
Polycomb proteins, which increase HIK 2 Tmed levels
Antisense to COOLAIR: represses FLC sense gene by the
recrultment of Polycomb protelns

Represses PHOS4 by histone deacetylation bath inels and
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Silences ranscription of the Tyl retrotransposon infrans
through chromatin modification and post-transcriptionally
controls its retrotransposition

Represses IME4 by transcriptional interference in cis and
functions after transcription initiation of ME4
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3’ untranslated regions
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