QBQ 136 Transcricdo e Processamento de RNA

Narcolepsia
disturbio do sono caracterizado por
sonoléncia excessiva

Orexina € um neuropeptideo que regula o

sono, apetite_ Mutacao no gene do receptor para

orexina (ou hipocretina) que afeta o
processamento do mRNA foi
identificada em cdes com narcolepsia
Como é esta mutacao?
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DNA repair
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e Processo através do qual RNA é sintetizado a partir
de um DNA molde pela RNA polimerase;

*RNA polimerase transcreve os genes;

*RNA polimerase inicia a transcricao nos promotores e
finaliza nos terminadores;

¢O RNA é sintetizado no sentido 5'—3’




Diferencas entre RNA polimerase e DNA polimerase

Template strand
. .

DNA polimerase i: ]:l I:I_ R

requer primer .;f"
Primer
RNA polimerase Template strand
nao requer primer 3’ ‘H\““ g




Duplex de DNA

Fita ndo molde

Direcdo da transcrigdo

RNA 5’

Sintese 5°-> 37, como no caso do DNA

S06 uma das fitas € transcrita de cada vez

Produto ndo se mantém pareado com a fita molde
RNA polimerase nao necessita de “primer”

Utiliza ribonucleotideos, uracila no lugar de timina
SO partes do genoma sao transcritas




(5")CGCTATAGCGTTT (8’ fita codificadora
(3) GCGATATCGCAAA(5) fitamolde

(6') CGCUAUAGCGUUU@') RrNA transcrito

Sintese 5’2 3’




RNA polimerase

Etapas na sintese de RNA:
1- Inicio da transcricao: promotores

2- Alongamento da cadeia de RNA

3- Terminacao da transcricao: terminadores




RNA polimerase de E. coll

« Enzima composta por 6 subunidades

(a,Bp’ wo)

*Porcéo catalitica é o,fB’®, tambem

chamada cerne (“core”)

*Subunidade sigma (fator o) confere
especificidade: reconhece regides no

DNA que “marcam” o inicio da
transcricao (promotor)
«Cerne + sigma = holoenzima

Gene product Functions
rpoA 2 a subunits enzyme assembly
(37 kD each) promoter recognition
binds some activators
rpoB B subunit —
(151 kD)

rpoC

rpoD

rpoZ

E. colienzyme
=460 kD

— catalytic center

B’ subunit

(155 kD) -
o subunit Q

(18-70 kD) promoter specificity

 subunit
(10 kD)




1-Inicio da transcricdo  ANIRNE=ENIV

RHA

Reconhecimento do promotor pela RNA polimerase de E. coli

=== |Jpstream, downstream s>

- S D -Gb G > - - - .-
e

Posicdo +1 = inicio da transcricao

Direction of transcription
ﬁ

RNA polimerase de E.coli
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(6bp) (17-19 bp) (6 bp)
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frequency of nucleotide in each position (%)
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(Uma fita esta representada,

Strong E. coli promoters
tyr tRNA
rm D1
rm X1
rmn (DXE),
rm E1
rm Al
rm A2

25 APR
AP

17 A3

7 A1

T7 A2

. fd Vil

TCTCAACGTAACACTTTACAGCGGCG
GATCAAAAAAATACTTGTGCAAAAAA
ATGCATTTTTCCGCTTGTCTTCCTGA

CCTGAAATTCAGGGTTGACTCTGAAA
CTGCAATTTTTCTATTGCGGCCTGCGe
TTTTAAATTTCCTCTTGTCAGGCCGG.
GCAAAAATAAATGCTTGACTCTGTAG.
TAACACCGTGCGTGTTGACTATTTTA.
TATCTCTGGCGGTGTTGACATAAATA
GTGAAACAAAACGGTTGACAACATGA .
TATCAAAAAGAGTATTGACTTAAAGT

+1

¢+ CGTCATTTGATATGATGCe

Seguéncia consenso para
300 promotores de E.coli
(reconhecidas pelo fator &70)

GCCCCBCTTCH!

¢+ TTGGGATCCCTATAATGCGCCTCCGT TGAS
¢ +GCCGACTCCCTATAATGCGCCTCCATCGA!

*CGGGAAGGCGTATTATGC

AGTAAACACGGTACGATGT

ACGAAAAACAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC

GATACAAATCTCCGTTGTACTTTGTT
-38

-10

Além do fator 70 , existem

mas a RNA polimerase se Outros fatores sigma que
liga a DNA dupla fita) reconhecem promotores diferentes!

*GAGGAAAGCGTAATATAC
*GAGAACTCCCTATAATGCGCCTCCATCGA!
*AATAACTCCCTATAATGCGCCACCACTGA!
*ACACCECGCGH
CCTCTGGCGGTGATAATGG»
CCACTGGCGGTGATACTGA
*ACCACATGAA,
CTAACCTATAGGATACTTA

GCCACCTCGCH

*TTGCATGTA(
*GCACATCAGH

CAGCCATCGA(

*AAATCGCTAGK
¢+ TCGCGCTTGGTATAATCG

CTGGGGGTCA,

+1 —




RMA polymerase

2- Alongamento @ siangorana

polymerase

{:2:} Separation of DA

k— PPPGoy”

@ Base pairing of first .;,"fim" ”
nusleoside

triphosphate to
starting base in DNA k‘ PPPUQH*'

(@) Binding of second

f nucleoside
O nucleotideo da wiphosphate and
. ) z ‘ormation of phosphodiester
extremidade 5’ retém bond between its & phosphate

and the 2 hydroxyl on

os 3 grupos fosfato us nucleotide

Binding and
addition of third
nucleoside triphosphate;
continuation of process with each
sucressive nucleoside triphosphate,
as RMA polymerase moves along
termplate DMNA




3- Terminag&o da transcrico em E.coli  ANRNE—=ES7NIN

RN

terminador independente da proteina Rho
dyad

<+——— symmetry ————»
g ccenccc“'a'i’craaron‘ecdﬂoet‘r!rrrrroAucuuu\
3 aG GATTAC AAAAAAACTTGTTTT,

RNA (a) Terminagéo independente de p
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ript folded to f 1 3
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Transcricao em eucariotos

* 3 RNA polimerases (I, Il, [ll) com funcdes especializadas

eMaquinaria muito mais complexa: holoenzima tem > 60 polipeptideos
e Promotor tem elementos diferentes do procariodtico

e Reconhecimento do promotor é executado pelos fatores gerais de
transcricao (GTFs)

eTranscricao precisa lidar com o fato que o DNA esta empacotado

em nucleossomos




Table 6-1 Principal Types of RNAs Produced in Cells

—— mRNAs messenger RNAs, code for proteins
rRNAs ribosomal RNAs, form the basic structure of the
ribosome and catalyze protein synthesis
tRNAs transfer RNAs, central to protein synthesis as adaptors
between mRNA and amino acids
—> snRNAs small nuclear RNAs, function in a variety of nuclear
processes, including the splicing of pre-mRNA
snoRNAs small nucleolar RNAs, used to process and chemically
modify rRNAs
scaRNAs small cajal RNAs, used to modify snoRNAs and snRNAs
miRNAs microRNAs, regulate gene expression typically by
blocking translation of selective mRNAs
siRNAs small interfering RNAs, turn off gene expression by

directing degradation of selective mRNAs and the
establishment of compact chromatin structures

Other noncoding function in diverse cell processes, including telomere
RNAs synthesis, X-chromosome inactivation, and the
transport of proteins into the ER




RNA polimerases eucaridticas

Eucariotos possuem mais de uma RNA polimerase

Table 6-2 The Three RNA Polymerases in Eucaryotic Cells

RNA polymerase | 5.8S, 18S, and 28S rRNA genes
== RNA polymerase Il all protein-coding genes, plus snoRNA genes, miRNA
genes, siRNA genes, and most snRNA genes
RNA polymerase lll tRNA genes, 55 rRNA genes, some snRNA genes

and genes for other small RNAs

The rRNAs are named according to their “S” values, which refer to their rate of
sedimentation in an ultracentrifuge. The larger the S value, the larger the rRNA.




Seguéncias consenso no promotor eucariotico
Reconhecidas pelos fatores gerais de transcricao (GTFs)

Fatores de transcricdo: Reconhecem

transcription sequéncias no promotor principal e
start poimt em elementos regulatérios
.35 -30 |"+'1 +30
| =0
BRE TATA INR DPE
“TATA box”
general
sequence i
BRE GCGCGACGCC TFIB
TATA TATAATAAT TBP
INR CTCTANTACTCT THID
DPE AGGATCGTG TFID

Principal elemento dos promotores eucarioticos de genes transcritos pela

RNAPII é o “TATA Box” L :
TBP (TATA-binding protein)

Faz parte do TFIID




Inicio da transcricao de um gene eucariotico pela RNA polimerase |l

start of transcription
TATA box ™

w o start of transcription
e TATA box [
&= e ——_, R —
| (A)
TFIIB .
Q. TFIID se liga ao

(Q)
C{D TFIIF _ other factors

® ‘YY)
TFIIE V\_fd—\
& :

TFIIH

promotor atraves de
sua subunidade
TBP. Isto permite a
ligacdo de TFIIB

RNA polymerase Il
.@@e

DISASSEMBLY OF MOST
GENERAL TRANSCRIPTION
FACTORS e

d\”_

() & 67

UTP, ATP HEUCASEACﬂvnw
CTP,GTP | AND CTD PHOSPHORYLATION

TRANSCRIPTION




cTD
TFIIF other factors
\ '\

TFIIE \/.f'\ RNA pol Il é recrutada por
- , contatos com TFIID e TFIIB,
TFiiH e com ajuda de TFIIF.

RNA polymerasell

< v LA 1
&"_ TFIIH apresenta atividade de helicase:
(D) - | separa as fitas.

UTP, ATP —| HELICASE ACTIVITY
CTP,GTP AND CTD PHOSPHORYLATION

DISASSEMBLY OF MOST
[~ GENERAL TRANSCRIPTION

FACTORS ¢ o Escape do promotor e

' alongamento dependem de
fosforilacéo da cauda CTD
da polimerase por TFIIH

TRANSCRIPTION https://www.youtube.com/watch?v=5MfSYnltYvg




Table 6-4 Inhibitors of Protein or RNA Synthesis

Acting only on bacteria
Tetracycline
Streptomycin
Chloramphenicol
Erythromycin
Rifamycin

blocks binding of aminoacyl-tRNA to A-site of ribosome

prevents the transition from translation initiation to chain elongation and also causes miscoding
blocks the peptidyl transferase reaction on ribosomes (step 2 in Figure 6-66)

binds in the exit channel of the ribosome and thereby inhibits elongation of the peptide chain
blocks initiation of RNA chains by binding to RNA polymerase (prevents RNA synthesis)

Acting on bacteria and eucaryotes

Puromycin
Actinomycin D

causes the premature release of nascent polypeptide chains by its addition to the growing chain end
binds to DNA and blocks the movement of RNA polymerase (prevents RNA synthesis)

Acting on eucaryotes but not bacteria

Cycloheximide
Anisomycin
a-Amanitin

blocks the translocation reaction on ribosomes (step 3 in Figure 6-66)
blocks the peptidyl transferase reaction on ribosomes (step 2 in Figure 6-66)
blocks mRNA synthesis by binding preferentially to RNA polymerase Il

The ribosomes of eucaryotic mitochondria (and chloroplasts) often resemble those of bacteria in their sensitivity to inhibitors.
Therefore, some of these antibiotics can have a deleterious effect on human mitochondria.

Rifamicina:
(liga a subunidade B)

O antibidtico previne o inicio da sintese da cadeia
de RNA (liga-se no local do hibrido DNA/RNA)

o-amanitina:
Isolado do cogumelo Amanita phalloides
Altamente téxico

Bloqueia a etapa de elongacao

Rifampicin




PROCESSAMENTO DO RNA
(ocorre apenas em eucariotos)

Transcricao do DNA em eucariotos resulta na producao
de um pré-RNA mensageiro ou RNA primario, que deve ser
processado antes de poder ser traduzido.




PROCESSAMENTO DO RNA (ocorre apenas em eucariotos)

EUCARYOTES

cytoplasm

nucleus

introns exons
DNA

[ . e
L ]

transcription unit
“primary RNA transcript”

TRANSCRIPTION

- o= - [
5’ CAPPING
RNA SPLICING
RNA cap | 3’ POLYADENYLATION
mRNA\_ AAAA
EXPORT
JV
mRNA @ ummmmm AAAA
| TRANSLATION

protein sy

Figure 6-21a Molecular Biology of the Cell (© Garland Science 2008)
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PROCESSAMENTO DO pre-RNAmM produzido pela RNA pol II:

1- Adicao de ‘CAP’ (quepe) na extremidade 5’ do RNAm;
2- Poliadenilacdo da extremidade 3° do RNAm;

3- Remocéao dos introns e juncéo dos exons (splicing).

Estabilidade (protege de degradacao)
Traducao eficiente
Transporte para citoplasma

pré-RNAm também é chamado de transcrito primario ou nao processado




1- Adicao de ‘CAP’ na extremidade 5’ do RNAmM

5’ end of
7-methylguanosine primary transcript

I 1 I 1
HO OH

MRNA guanylyltransferase

CH3 5’-to-5' P
triphosphate |
bridge

OH

O “cap” € um sinal
Importante para que 0
MRNA seja traduzido




Além do 5’ cap, mMRNAs eucariéticos possuem uma cauda
de As (cauda poli A) na extremidade 3

5I

’
@Cli —© ¢ I AAAAA 5, 5o
CH,

5’ cap

A poliadenilacéo controla a estabilidade do mRNA e tambéem é
importante na traducao




2- Clivagem e poliadenilacdo da extremidade 3' do RNAmM

Sequéncia consenso para

poliadenilagdo 10-30 nucleotides < 30 nucleotides

\ ' s Gl

1 CLEAVAGE <«—— endonuclease

AAUAAA  CAOH

‘ degraded in
the nucleus
‘ Poly-A _
ADDITION <+— Poly(A) polimerase (PAP)

}
(AAUMAA ~  CAAAAAA----_-_A OH

~250




3- Splicing

A maioria dos genes eucarioticos possuem segmentos de
sequéncias codificadoras (exons) separadas por sequéncias nao

codificadoras (introns) introns= interrupting sequences

EUCARYOTES
introns exons PROCARYOTES
— '
JRR—1 /l\ — -
[r— = [ . N S
L I DNA
[E—— T —
uprimary RNA transcript” 1 TRANSCRIPTION e ——
b [ - - - ‘ TRANSCRIPTION
[ =
RNA SPLICING mANG
RNA cap Genes de procariotos ndo tém introns
\ Nao ocorre splicing em procariotos
mRNA (Pussmm AAAA

RNA maduro ou processado




As bordas exon-intron exibem sequéncias conservadas

Sequéncias consenso no pre-RNAmM gue sinalizam o inicio e final dos introns

de splicing &’ Ponto de ramificac&o de splicing 3
v v v
&' splice site Branch point 3" splice site
5' Exon Intron l 3" Exon
Py r-rich

Fra-mRNA G U AG A G U / c o AMG A C :.'-Eﬁllﬁctl}l:; ) B el - S i | |
Frequency of 70 60 &80 100 100 95 70 80 45" B0 20 80 100 B0 o a0 100 100 &0
seeurrence (%) | 20-50b *

Bases conservadas dirigem a maquinaria de splicing.
A maioria da bases conservadas fica dentro do intron.
Sinais mais importantes:

« GUnositio ¥’

 AG no sitio 3’

« Ano sitio de ramificacao




Ponto de ramificacao
@
5’ exon sequence ' exon
sequence HO- sequence
0\ 4 i 3

l First transesterification

0O = 3" oxygen of
exon 1
0 =2"oxygen of ' a
branch-point A 50 /ﬂ OH
-3 oxygen of =1="\ 5 3’
intron o | 3
O —P=0D

s g—oTn o 1

Introns sao
removidos na

O o ~1ariat forma de lago
+ s——o—p—o— - /\
5 O A Il

i g (A
O=P—0 :
| \3, Spliced exons 3’
o H :
Excised lariat intran + ~OH

D e 3

3 5

lﬁamnd transesterification




A maquinaria molecular que executa
0 splicing é o spliceossomo:

RNA transcript {pre-mRNA)

. . - o N
Grande complexo ribonucleoproteico A bt Bore
formado por 5 snRNPs (small nuclear — f
ribonucleoproteins) que catalisa o splicing " snrNA S g Other proteins
do pre-RNAmM s,,RNps\’
v
Spliceosome

Caracteristicas do Spliceossomo:

< “w,: ’ 2 5 —gj })%3; —
* E composto por “ribonucleoproteinas pequenas )
nucleares” - snRNPs (“snurps”) K Q%%J"{x P
e Cada snRNP consiste de 6-10 proteinas e 1 pequeno proucy, |

RNA nuclear (snRNA), que varia de tamanho entre ~100 '
e ~200 nt. Spliceosome/ \\,

components

Cut-out

e Os 5 snRNAs sdo: U1, U2, U4, US, e U6. i
e O spliceossomo é capaz de: g e MRNA
Exon 1 Exon 2

- reconhecer o sitio 5 de splicing e o sitio de ramificacao,
- aproximar estes sitios no momento correto,

- catalizar as reacoes de quebra e ligacao do RNA.
SnRNP = snRNA + proteins




Narcolepsia canina causada por mutacéoes no gene Hcrtr2

Mutacdo que alterao
ponto de ramificacdo

A':'G l T?A
i} K. o 7 Eor i

1 MM 2 HH s —— e

w.t. narc.Dob.

ATG TGA I---l - E B
|1 TR T e ?Ejf%’%_?ié%%
LIS

Cell Volume 98, Issue 3, 6 August 1999, Pages 365-376



https://www.sciencedirect.com/science/journal/00928674/98/3

Splicing Alternativo

Os transcritos primarios de mRNAs podem sofrer splicing de mais de
uma maneira, gerando combinacdes diferentes de exons

—> Exonl Exon 2 Exon 3 Exon 4 Exon 5

DNA DR <D NN QR DD RN <D< NI X P D DD DM IETN]

Exon 1 Exon 2 Exon 3 Exon 4 Exon 5
RNA

[ Splicing Alternativo ]
{

1 3 3 4 5 1 2 4 5 1 2 3 5

mlRNA e B B S
Tradugao Tradugdo Tradugdo

Proteina A Proteina B Proteina C




Um gene - U nscrito

Splicing alternativo

!

Um gene —-> multiplos transcritos (isoformas
Ou variantes)
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