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Como pode haver diferenciacao de funcao em organismos pluricelulares?
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Regulacao da Expressao Génica

DNA —/, RNA ¥ L proteina
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Regulacao da Expressao Génica

NUCLEUS CYTOSOL mRNA 4

degradation 5
control

2 3
RNA RNA
control processing transport translation 4 protein
control and control activity
localization control | 'Mactive

control ﬁL< protein
Custo energético
Tempo até resposta bioldgica




Replicacao vs Transcricao

Ambas copiam informacao do DNA a partir de pareamento de novos nucleotideos

Utiliza desoxiribonucleotideos Utiliza ribonucleotideos
Pareia A com T (timidina) Pareia A com U (uracila)
Gera DNA dupla fita Gera RNA fita simples
Copia ambas as fitas Copia apenas a fita molde

Copia o0 genoma inteiro Copia apenas os genes



Numero de genes (que codificam proteinas)

amoro o gunes{apro

Mycoplasma genitalium
Escherichia coli
Levedura
C. elegans (verme)
Mosca
Camundongo
Humanos
Tomate

Arroz

500
4.000
6.000

13.000
20.000
20.000
20.000
36.000
46.000

= 1,5% do genoma codifica proteina
Resto: introns (RNA nao-traduzido)
regulacao genes
funcao estrutural
50% DNA repetitivo (lixo???)



Um gene (simplificado)

SINONNSONSONSONSONSONSONSONSONONONN DNA

’ promotor l ’ terminador I

. ‘IW
5UTR 3’UTR

L)

3' m RNA

5l

UTR: Regiao nao traduzida (Untranslated region)



RNA polimerase

Ribonucleotideo
Fita a ser incorporado

codificadora

' RNA
polimerase

RNA recém
sintetizado

5’ Dire¢do da
Transcricao







Promotores indicam para RNA polimerase onde comecar

-33 =10 +1
DMA template TTGACA TATAAT
—35 region Pribnow i
box start of
ENA
iy Prokaryotic promoter site

ia) Strong E. coli promolers

tyr tRMNA
rrn D1
rri A1
rrn {DXE),
rri E1
rrm AT
rrr A2

& PR
hPL

T7 A3
T7 A1
T7 AZ
fd Wl

TCTCAACGTAACACTTTACAGCGGCG» +COTCATTTGATATGATGC » GCCCCECTTCCCGATAAGGG
GATCAAAAAAATACTTGTGCAAAAAA + TTGGGATCCCTATAATGCGCCTCCGTTGAGACGACAACG
ATGCATTTTTCCGCT TGTETTCCTGA «GCCGACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
CCTGAAATTCAGGGTTGACTCTGAAA - + GAGGAAAGCGTAATATAC-GCCACCTCGCGACAGTGAGC
CTGCAATTTTTCTATTGCGGCCTGCG »GAGAACTCCCTATAATGCGCCTCCATCGACACGECGGAT
TTTTAAATTTCCTCTTGTCAGGCCGG » AATAACTCCCTATAATGCGCCACCACTGACACGGAACAA
SCAAAAATAAATGCTTGACTCTGTAG » COGGAAGGCGTATTATGC » ACACCCCGCGCCGCTGAGAA
TAACACCGTGCGTGT TGACTATTTTA-CCTCTGGCGGTGATAATGG» « TTGCATGTACTAAGGAGGT
TATCTCTGGCGGTGT TGACATAAATA-CCACTGGCGGTGATACTGA » - GCACATCAGCAGGACGCAC
GTGAAACAAAACGGTTGACAACATGA - AGTAAACACGGTACGATGT -ACCACATGAAACGACAGTGA
TATCAAAAAGAGTAT TGACTTAAAGT - CTAACCTATAGGATACTTA - CAGCCATCGAGAGGGACALCG
ACGAAAAACAGGTAT TGACAACATGAAGTAACATGCAGTAAGATAC - AAATCGCTAGGTAACACTAG
CATACAAATCTCCGT TGTACTTTGT T« TCGCGCTTGGTATAATCG - CTGOGEGTCAAAGATGAGTG



Fatores de transcricao regulam a ativacao da RNA polimerase

— | repressor
actlvator\ &¢ .

enhancer ﬂ
enhancer ’—N

=..C

" co-activators
DNA )N
general transcription factors

L
| |
promoter RNA transcript

http://www.mun.ca/biology



Locais de terminacao da transcricao também envolvem sequéncias especificas
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Zaha, Cap.10



https://www.youtube.com/watch?v=8M198uHJd_8



Diversas RNA polimerases podem transcrever o mesmo gene ao mesmo tempo
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Genes podem estar ser transcritos de qualguer uma das duas fitas de DNA

NUP60 ERP1 SWD1 RFA1 SEN34

20kb do Cromossomo 1 de levedura



Nem todo RNA codifica proteinas

rRNA
(pr.gggr‘g?m%:so) + Aminodcidos + Proteinas
rbossomails

T

Ribossoma

RNAs nao-codificadores (SiRNA, miRNA, IncRNA, snRNA, snoRNA, piRNA....)



Em eucariotos, ha trés RNA polimerases diferentes

RNA Polimerase | transcreve RNA ribosomal (rRNA)
RNA Polimerase Il transcreve RNA mensageiro (mRNA)

RNA Polimerase lll transcreve RNA de transferéncia (tRNA)



Regulacao da Expressao Génica

NUCLEUS CYTOSOL mRNA 4

degradation 5
control

1 - 3

transcriptional RNA RNA :
control processing transport translation 4 protein
control and control activity
localization control inactive

control ﬁL< protein
Custo energético
Tempo até resposta bioldgica




Em eucariotos, o RNA mensageiro é processado

Procariotos

DNA

¢ TRANSCRIPTION

MRNA

} TRANSLATION

protein!

Eucariotos

cytoplasm

nucleus

introns exons
DNA

transcription unit

TRANSCRIPTION

“primary
RNA transcript” v
B = = §  mwom

5’ CAPPING
RNA E\I{’LICING
RNA\C*"‘p { ADENYLATION

MRNA @ AAAA
EXPORT

MRNA @ AAAA
| TRANSLATION
protein C———




Capping e poli-adenilacao de mRNAs

5’ end of
prlmary transcrlpt
HO OH
RNA capping and polyadenylation
cHz_P Al CHZ . .
coding noncoding

) l—'s, 10-5' sequence sequence

N® triphosphate @ 5' \ 3/
C|H3 brldge GI —P PP .JAAAAA15()_250

| J
7-methylguanosine

R | l | |

5’ cap | m poly-A tail

protein

Protegem RNA de degradacao
Regulam meia-vida do mRNA
Facilitam identificacao de mRNA intacto

Identificam mRNA para transporte ao citosol
Identificam mRNA para tradugao pelo ribossomo




Em eucariotos, o RNA mensageiro é processado

Exon 1 Intron 1 Exon 2 Intron 2 Exon 3

‘!“IM' RNA synthesis

pre-mRNA
‘—\ Splicing remo;]
!

mRNA

““m Protein synthesis

@
et o 0‘0’0‘0 0.8



Em eucariotos, o RNA mensageiro é processado

Ovalbumin gene

Ik 7,700 bp >
L 1 2 3 4 5 6 1 W
pNna [ Bl| ¢c | p]| E F G []
Transcription and
5’ capping Extra RNA
rimary ; '
transcript 5 8 C WD & : . ’
Cap

Seven introns

Mature
mRNA

Splicing, cleavage,

and polyadenylation
Extra RNA
L1234 5 6 7
- AAAW),
1,872

nucleotides



Splicing Alternativo

myosin gene |

I I N EE EEEE S SE— 3
.\_/ -I--III_A‘—AS']DNA
TRANSCRIPTION, SPLICING, AND
3’ CLEAVAGE/POLYADENYLATION

5’ /\-/\NVWVVLB' striated muscle mRNA
5t M\W\_3' smooth muscle mRNA
5! -/\/WVVM/\_T fibroblast mRNA

5’ -/\-/\./\./W\N\-/\_s' fibroblast mRNA

5’ /\-/\MVWV\-? brain mRNA

Isoformas/variantes de splicing

A maioria dos genes humanos apresentam splicing alternativo




Regulacao da Expressao Génica

CYTOSOL mRNA ¢

degradation 5
control

NUCLEUS

1 2
transcriptional RNA :
control processing transport translation 4 protein
control and control activity
localization control inactive
control protein

Custo energético
Tempo até resposta bioldgica




cap-binding
protein

S' ‘ap —_—

AAAAAAA

poly-A-binding
protein

nuclear pore
complex

A

NUCLEUS

CYTOSOL

PROTEIN
EXCHANGE

initiation factor for
protein synthesis

— TRANSLATION
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Second base

U C A G
UUUT _Phe UCUT UAUT Tyr  UGUT Cys
S|Uucd F ucc [ SerUAC] Y  UGC C
UUAT Leu UCA [ S UAAT ., UGA STOP
UuGl L ucad UAG_ UGG Tvr\;)
CUUT CCUT CAUT_His CGUT
Ccuc | Leu ccc | ProCACd H  CGC | Arg
2 O|cuA [ L cca[ P CAA] Gin CGA [ R
8 | cuG. ccgl CAGJ] Q CGG.
2]
C |AUUT . ACUT  AAUT Asn AGUT Ser
<|AUC 7" Acc | ThrAACd N AGCJ S
Met ACA | T AAAT Lys AGAT Arg
(AUG )"\, ACG- AAG] K AGG R
GUU GCU GAUT Asp GGUT
«|GUC | Val GCC | AlaGAC] D GGC | Gly
GUA| V GCA| A GAA Glu GGA| G
GUG GCG GAG] E GGG_

Codigo Genetico

4 bases no DNA x 3
posicoes = 43
= 64 cddons

* 20 aminoacidos
e 3 cdédons de terminacao
e codon de inicio € sempre AUG



Quem participa da traducao?

Growing protein chain NH3

NH;
NHZ Am.ino acid
on \ . residue

Transfer
RNA

__9Pg0 _~

/L1 1 1 1 | \.=- Ll L 1 1 | 1B
Messenger RNA Ribosome

direction of ribosome
movement on mRNA

Figure 3-14 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

* mMRNA
 Ribossomos

* Aminoacil-tRNAs
* Fatores de traducao
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tRNA
Anticodon AUC = lle
'3 2 1/
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3
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QI
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mRNA 5’

1 2 3
Codon




Pareamento oscilante da terceira base do codon (Wobble base-
pairing)

3 2 1 3 2 1 3 2 1
Anticodon (3") G-C-1 G-C-1 G-C-1 (")
Codon (5" C-G-A C-G-U C-G-C (3"

1 2 3 1 2 3 1 2 3

* | = inosinato (nt); hipoxantina (base)
* ligacdes de H mais “fracas” com A, Uou C

* Alguns anticodons podem parear com mais de um codon
gue codifica 0 mesmo aminoacido

* Permite rapido deslocamento do ribossomo
* Numero menor de tRNAs que os 61 codons



Codigo Genetico
e Universal

* Praticamente todos os organismos usam a mesma “tabela”
* Excecdo: mitocondrias, algumas bactérias e ciliados

* Nao-sobreposto
e um codon lido de cada vez

* Degenerado
* mais de um codon por aminoacido

* Terceira posicao do codon menos especifica
(“wobble”)



Ribossomo € formado por proteinas




Growing peptide chain

Incoming tRNA
bound to Amino Acid

Qutgoing
empty tRNA

TRNAHTRNA /
!‘ U Ullc u A

'. AAA 'j!l'

MessengerRNA

Peptide Synthesis



I
o'lL

Large
ribosomal
subunit

* Sitio A: tRNA-aa
* Sitio P: tRNA-peptideo
e Sitio E: saida (exit)



Etapas da sintese proteica

* Ativacao do aminoacido
* Ligacao ao tRNA

* Inicio da traducao

* Elongacao

* Terminacao

* Dobramento/processamento da proteina pos-traducao



1. Ativacao do aminoacido

3’ end of tRNA

| Ligacao do aminoacido ao tRNA

Adenine H

: ;
O—ﬁ—(ﬁ—R
(|3H2 H O "NH;
(l) Aminoacyl
_ O_Il): 0 group
| O
Aminoacil t-RNA
5" | Amino acid
pG arm
D Ty C
arm FQ arm
Anticodon

arm



Codon "n" Codon "n+1"
P site holds A site is entered

Pote ey aeseneed O ribossomo tem trés sitios de
s ligacao ao tRNA

movement

V 4 °
* Sitio A
1 Before peptide bond formation peptidyl-tRNA . .
occupies P site; aminoacyl-tRNA occupies A site * entra d a d O aminoaci |_t R N A

Amino acid for codon n+1

3 * Sitio P
;2 Peptide bond formation polypeptide is transferred o Onde (0 pept|d||‘tRNA se Ilga

= from peptidyl-tRNA in P site to aminoacyl-tRNA in A site , .
: (peptideo nascente ligado ao
tRNA)

7 .
. o
E 3 Translocation moves ribosome one codon; SItIO E
= places peptidyl-tRNA in P site; deacylated tRNA ,
: leaves via E site; A site is empty for next aa-tRNA * 53 |d a d o tRNA d escarrega d 0O
: 3

(exit)
e Subunidade maior

lllllll

Codon "n+1"

Codon "n+2"



Regulacao da Expressao Génica

NUCLEUS CYTOSOL mRNA 4

degradation 5
control

1 2 3

transcriptional RNA RNA :
control processing transport translation 4 protein
control and control activity
localization control inactive

control *L< protein
Custo energético
Tempo até resposta bioldgica




Exemplos de regulacao génica

* Hormonios hidrofobicos atravessam

. Receptor Consensus sequence bound*
m e m b ra n a e I Iga m re Ce pto r Androgen GG(A/T)ACAN,TGTTCT
, Glucocorticoid GGTACAN,TGTTCT
* Receptor translocado para o nucleo, onde  retincicaciasome)  acaTcan,aceTc
. Vitamin D AGGTCAN,AGGTCA
I Iga H R E Thyroid hormone AGGTCAN,AGGTCA
RX*t AGGTCANAGGTCANAG
GTCANAGGTCA
ﬁuﬁeus *N represents any nucleotide.
tForms a dimer with the retinoic acid receptor or vitamin D receptor.
Cytoplasm Complex binds %
to receptor
sites on chromatin,
Steroid activating mRNA
i transcription
% /
o T

hormone
€ : Hormone-receptor

complex enters nucleus



+ GLUCOSE
+ LACTOSE

+ GLUCOSE
- LACTOSE

- GLUCOSE
- LACTOSE

- GLUCOSE
+ LACTOSE

Exemplos de regulacao génica

RNA-
cis-regulatory  polymerase- start of transcription

sequence binding site

for CAP (promoter) I

N AN )
| I 35 _10 | LacZ = enzima para usar lactose
| como fonte de carbono
Lac operator LacZ gene

—-80 —40 1 40

80
| . | . | s | . | nucleotide pairs

OPERON OFF
Repressor Lac perde afinidade pelo
L
-/ ac repressor DNA quando tem lactose

OPERON OFF

cyclic

AMP Lac repressor , .. , .

- ‘ AMP ciclico é produzido quando
OPERON OFF nao tem glicose
RNA polymerase

OPERON ON

MRNA sl



Exemplos de regulacao génica

IRON STARVATION

— cytosolic aconitase cytosolic aconitase —
ferritin mRNA transferrin receptor mRNA =
Al Y g’ I A Aal 3T
‘ translation blocked ‘ mRNA is stable and translated
NO FERRITIN MADE TRANSFERRIN RECEPTOR MADE
(A)
EXCESS IRON

< endonucleolytic
cleavage

Fe.\f__ O

ferritin mRNA transferrin receptor mRNA =
L’ AAA T Y ] A AAA T
l, mRNA translated ‘ mRNA degraded
FERRITIN MADE NO TRANSFERRIN RECEPTOR MADE

(B)

Ferritina: “Depdsito” intracelular de Ferro Transferrina: Transportador de Ferro pela membrana



