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MENDEL: FATORES CONSTANTES QUE
CONTROLAM CARACTERISTICAS FENOTIPICAS
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FLUXO DA INFORMACAO GENETICA

-

DNA

PROTEINA

5’ ATG GAG TTATTG AAC TCT TAC AAT 3’

3’ TAC GTC AAT AACTTG AGAATCTTAS’

REPLICACAO

3’ TAC CTC AAT AACTTG AGAATCTTA 5’

5’ AUG GAG UUA UUG AAC UCU UAG AAU 3

TRANSCRICAO RNA mensageiro = mRNA

TRADUCAO

AUG GAG UUA

UUG AAC UCU UAG

AAU

M

E

L

L

N

S

Y

N




MAS NAO E TAO SIMPLES...

Gene — efeito fenotipico

Hormonios =
Genes interagées’ Interacoes
r célula-célula
reguladores_l~ SHETE ;

‘ I l proteinas ll 1 1
Efeito Efeito Efeito
— —

Gene (DNA) = RNA ——»Proteina

q
sobrea ~-sobreo sobreo \
| 1 célula I tecido organismo
Efeitos

ambientais
\ >
Efeitosobrea
populacao
- -

Efeitosobrea
fenotipo da

biosfera
Figure 14-2 Principles of Genetics, 4/e
© 2006 John Wiley & Sons



PROCESSO DINAMICO

Invélucro nuclear Membrana plasmatica

Quantidade...ponto de checagem...expressao exata...temporalidade



MAS O QUE E UM GENE?




DEFINICAO DE GENE

Wilhelm Johannsen

1909 - gene

J Um gene = unidade da informacdo genética que controla a sintese de
polipeptidios ou uma molécula de RNA estrutural

mRNA - polipeptideo
tRNA e rRNA = RNA estrutural

() Gene inclui as regides 5°e 3'ndo codificantes, que estdo envolvidas na
regulacao da transcricao e traducao, e todos os introns dentro do gene



Enzimas multiméricas:
um gene - um polipeptidio

Nature Reviews | Molecular Cell Biology

DNA polimerase Il (17 polipeptideos), Escherichia coli



ALELO - FORMA ALTERNATIVA DE GENES

Alelos: Cremossomos homalegos na matafase;

‘E1I:E-GATIG- ) ) o )
3.CTAAC.E || [Al- {8 [} ~{0]
SLAGTTG-
)5 reanc.
'5-ARCTG-
S5 Treac.
IB-AATTA-
1Ellhsl TTAAT-

LR LI aF GAF T fad

* Sequencias distintas de DNA — proteinas distintas (alelos)
* Organismos diploides — podem carregar somente 2 alelos

* Populagao —todos os alelos possiveis




Perspective

What is a gene, post-ENCODE?
History and updated definition

Mark B. Gerstein,'#3 Can Bruce,** Joel S. Rozowsky,? Deyou Zheng,? Jiang Du,’
Jan O. Korbel,?> Olof Emanuelsson,® Zhengdong D. Zhang,? Sherman Weissman,’

and Michael Snyder?®

“A gene is a union of genomic sequences
encoding a coherent set of potentially
overlapping functional products”



HISTORICO DA DEFINICAO DE GENE

Gene é uma unidade discrete de hereditariedade;
Gene é um locus distinto;

Gene codifica uma proteina;

Gene é uma molécula fisica;

Gene é uma unidade de transcrito;

Gene é um quadro aberto de leitura (ORF);

SERA?



Table 1. Phenomena complicating the concept of the gene

Phenocmenon

Description

lsswe

(rene focotion ond stidiume

Intraonic genes

Genes with overlapping reading frames
Enhancers, slencers

Structura! voviation
Mobie dements

Gene resmangementssiructural varants

Copy-rumber vanants

Epigenetics and ofromosome struciuTe
Epigenetic modifications, imprinting

Eifect of chromatin structure

Post-tr oo iphional everls
Altemnative splcing of RMA

Ht:md.ludy splioed products with alternate
resading frames
RMA troms-splicing. homotypic rans-splicing

RMA editing

Paost-li oesigtional evenls
Pratein splicing, wiral polyprotsins

Pratein trons-splicing
Pratein modification

Peeudogeres and eirogeres
Retrogenes

Transoribe=d pseudogenes

A gene sxists within an intron of
arather (Henikoff et al. 1984)

A DA region may code for bwo different
protsin products in different reading
frames (Contreras =t al. 1977)

DELTI}I;;E?JIM wlements (Spilianaks et al.

Genetic slement appears in rew locations ower
erations (MoClintock 1948)

DA rearrangemnent ar splicing in mrru'hc cefls
resulls in many altermative gen
products (Eary et al. 'IQ'M']

Copy number of genesiregulatony slements may
differ between individuals (lafrate et al. 2004;
Sebat =t al. 2004: Tuzun =t al. 2005}

Inkenited information may nat b=
bianed |:E 0. Dobrovic =t all 198E); a gene’s
expression depends on whether it is of
'I:'ﬂm?ﬂ I ar maternal angin (Sager and Kitchin
Chromatin structure, which does influence gene
expression, only loosely associsted with
partioulsr DA sequences (Paul 1972)

Chre= brarescript can erate multiple mARAs,
resulting irliﬁemgﬂl-.lpmt:in thhm
et al. 1977; Gedinas and Roberts 1977}

Ahemative reading frames of the INK4a tumar
suppressor gene encodes bao urrelated
protsins (Quele ot al. 1995)

Diistant DA sequences can code for tanscripts
ligated in warious combiratiors (Borst 1986).
Twa identical transcripts of aﬁﬂ: can
trans-splce o generate an m where the
same exon sequence is repeated {Takahora et
al. 2004,

RMNA i encymatically modied (Bsen 1988)

Protein product seli-clesves and can generate
multiple functional products (Vila-Komarof
et al. 1975)

Diistinct proteires can be spliced together in the
absence of a trans-spliced transoipt (Handa =t
al. 19494)

Protein s modified to alter structure and
funcction of the final product (Wold 19813

A retrogens is formed from reverse transcription
dﬁjpam‘ltgﬂ'lz‘smﬂﬂl["l‘annetd 1980
ard by insertion of the DMNA product into a

genome
A %em:bgme is transcribed (Zheng et 2l 2005,
07

Two genes in the same loous

Mo one-to-one comespondence bebwesn DNA
and proten sequence

DA determining expression can be

wiclely s=parated irom one ancther in
genome. Many-to-many relationship betw een
genes and their enhanosrs.

A genetic dement may be not constant in its
loscatian

Gene structure is not hereditary, or structure
may differ acroes individuals or osllsi e

Genetic slements may differ in their rumiber

Phenctype is not determined stricty by
genoiyps

Gene expreston depends on packing of DA

DMA sequence is not enough to predict gene
product.

Mult ucls from one:
|rl|:|n|'rn.|l.||1|'||:‘ll'-‘m—m:| in DA not irfaiﬂjrtrdﬂ.:d to that
on Ein

Two albernative spliong products of a pre-mBkA
produce protein products with no ssquence in
commen

A protein can result from the combined
information encoded in mulbiple trarscripts

The information on the DMA i not encoded
directly into RNA sequence

Start ared end sites of protein not determined by
genetic code:

Start and end sites of protein not determined by
genetic code:

The irformation on the DRA s not encoded
directly imto protein sequence

RihA-1o-CRA flow of information

Biochemical activity of suppossdly dead
muad.wt:,r "




GENE TiPICO DE PROCARIOTOS

Sinais para a

Regulacao da tradugao terminacaoda
Regulacdo da . . transcricao
o Regiao codificante
transcrigao A
A A A A A A

|
ANYANY/ANY/ANY/ANY/ANYZANY/ANV/ANV/ANY/ANV/ZANYANY/ANY/ANYZANV/ANY/A\YANY/A\ YA\ V/ZA\/ANY/A\!

5' & a Transcricao 3

mRNA } —— ot i
AUG UAA
Codon de iniciagao Q Codon de terminacgao
Polipeptideo ° Traducao
Rl C

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



GENE TiPICO DE EUCARIOTOS

Sinais para a

Regulacao da traducao terminacgao da
Regula¢ao da transcricao
transcricao Exon 1 Intron 1 Exon2 Intron2 Exon 3 A

1 Ny A —— A —>— |

ANY/ANY/ZANY/A\Y/A\Y/A\V/A\V/ANY/ANY/ANV/ANV/ANV/ANY/ZANY/A\Y/ANY/ANY/A\NV/ANV/ANY/ANYZANVZANV/ANV/ANY/ZAY/A\Y/A\V/A\V/A\V/AN

5' Q a Transcrigao 3

Transcrito ! e _r i
primario  cap :I UA A
| . <> <; ; Remoc¢ao dos
| AUG UAA | 0 introns
MRNA <> &
: il 11 T11 ; i
AUG UAA
Cddon de iniciagao Q Codon de terminagao
Polipeptideo o Tradugao
N— C

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



NUMERO DE GENES EM EUCARIOTOS

Espécies

Genoma (Mb)

D. melanogaster 165 ~12.000
S. cerevisiae 13 ~6.000
C. elegans 97 ~20.000

H. sapiens 3.300 ~30.000




COMPARACAO NO TAMANHO DE GENOMAS
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A complexidade de um organismo nao é diretamente proporcional ao tamanho do
genoma; alguns organismos unicelulares possuem muito mais DNA que os humanos.




GENES NA MOLECULA DE DNA

B ,
aCterlawmmm ety r=nvg=====|=|=|u=.—_-= 20 Kb
el e A — — S Ny S S —"
gene gene gene gene gene gene gene gene gene gene gene gene gene
Levedura
10 e Fr—— e [r— mmmmmmmmu
1S [ T i e S = = il 20 Kb
gene gene gene gene gene gene gene gene gene gene
Drosophila
o o [ (T P T e Te— T Y = ]
gene gene gene gene gene gene gene gene
Humano
A T T T T T ) T Y T -
IR <Y 1= TR0~ 10 G ey Sy -~ —— 5 T R = T~ TR T TR = T | =S 00 T UR0 T = (SRY — B~ Sy P 1o T Bt B ST | 200 Kb
gene gene gene

Grande varia¢ao nos tamanho dos genes geradas pela presenc¢a dos introns!



CIDADES X DESERTOS

EXONS (CODIFICAM PROTEINA)

7 S

INTRONS
Exon 1 Intron 1 Exon 2 Intron 2 Exon 3
— A —— i —

WVANWNANNANANANVANVANANVNAN NN NN VANV



Apenas 0,1 % do genoma é responsavel pela diferenca entre dois humanos

O segredo é entender como essa informacgao é processada!



POR QUE E PRECISO CONHECER A ESTRUTURA DE
GENES DE PROCARIOTOS E EUCARIOTOS?

RNA polimerase

.58 = e :
Cadela de DNA /< \\\ eotido livre
2 "3 3 - A P.‘. o
c A |

Molécula de RNA

TRANSCRICAO = SINTESE DE mRNA

http://www.biostudio.com/d_%20Transcription.htm




gene A gene B
S e |
—] DNA

l TRANSCRIPTION l TRANSCRIPTION
e RNA — e RNA
S —

]

TRANSLATION TRANSLATION
\/

Controle quantitativo e temporal das moléculas “subsequentes” ao DNA



TRANSCRICAO

5 3
DNA TCCAATGGCTTATTTGC A
AGGTTACCGAATAAACGT

3 5

> 3

RNA transcripts

Ve ih

5/ genea gened gene e 3/
iint A i [ | Vo A T EEE
= w I==n==n=u 4 | - v [ 4 =

3’ geneb genec genef geneg 5’

e ==y

Figure 7-11 Essential Cell Biology 3/e (© Garland Science 2010)

RNA UCCAAUGGCUUAUUUGTCA

[ A informacdo genética contida num segmento do DNA é reescrita em uma fita
simples de RNA;

) Esta fita apresenta uma sequéncia de ribonucleotideos complementar a uma das
fitas da dupla hélice de DNA (molde) e idéntica a sequéncia da outra fita
(codificadora), com substituicdo de T por U.



TRANSCRICAO

v'Nos eucariotos a transcricdo ocorre no nucleo, enquanto a tradugdo ocorre
no citoplasma.
v'J& nos procariotos tal separacdo celular ndo existe, sendo os dois processos

acoplados.

Gene
A

I 1
Exon Intron Exon

DNA [
{} Transcription

Pre-mRNA [ I
: RNA splicing and

Nucleus *...other processing

Ge/\ne mRNA MG="""""-(A)n
I 1 \ .
DNA' B 4 Cytoplasm Transport
{} Transcription to cytoplasm
mRNA EE mRNA MG--(A)n
{} Translation Q Translation
Protein _ | Protein _

(a) Prokaryotes. (b) Eukaryotes.



ENZIMA RNA POLIMERASE

transcrito de
RNA recém-sintetizado

RNA-polimerase
\

= >[lbonucleotldeos

trifosfatos
hélice dupla

de DNA

sitio de
sitio de reenrolamento | desenrolamento
de DNA

|
pequena regiao de
héelice de DNA/RNA

-
direcao da transcrigcao

(Alberts et al., 1999)



RNA POLIMERASE

(1 Reconhece e se liga a sequéncias especificas de DNA (promotor);

() Desnatura o DNA expondo a sequéncia de nucleotideos a ser copiada;
) Mantém as fitas de DNA separadas na regido de sintese;

J Mantém o hibrido DNA:RNA estavel

(J Renatura o DNA na regido imediatamente posterior a da sintese;

() Sozinha, ou com o auxilio de algumas proteinas especificas, termina a
sintese do RNA.

FATORES DE TRANSCRICAO

Proteinas que auxiliam o processo de transcricdo no reconhecimento do
promotor.



ETAPAS DA
TRANSCRICAO

a Iniciacao da cadeiade RNA
RNA polimerase

DNA: y

Ponta 5’ do RNA
0 Alongamento da cadeiade RNA

DNA:

5' I
Cadeia crescente de RNA

o Término da cadeiade RNA

DNA:

5' |
Molécula nascente de RNA



CARACTERISTICAS GERAIS DA SINTESE DE RNA

1. Os precursores sao ribonucleotideos;

2. Apenas 1 fita de DNA é utilizada como molde para a sintese de RNA
complementar;

3. As cadeias de RNA s3ao sintetizadas sem a necessidade de um filamento
primer preexistente (atuacdao da RNA polimerase);

4. Sintese é complementar ao DNA, no entanto A = U;
5. Polimerizacdo sentido 5" = 3’;

6. RNA polimerase inicia a transcricdo em sequéncias especificas de
nucleotideos = promotores;

7. RNA polimerase termina a transcricdo em sequéncias especificas de
nucleotideos = terminadores (finalizadores).



ESTRUTURA DO PROMOTOR EM PROCARIOTOS

Inicio da transcricao

Reconhecimento da RNA
polimerase
MRNA

N VT — —»

| :
e |
-35 -10 +1
TATA box

regido regulatoria regido codante

upstream = a montante
< downstream = a jusante




ESTRUTURA DO PROMOTOR EM EUCARIOTOS

Reconhecimento da RNA
polimerase

FATORES DE TRANSCRIGAO Inlfcio da transcr‘ig§0

CBF

CTF O TFIIB _— m
385 & |,

/\/\N_\__,/W

4
— o —

-75 -25 1
CCAAT box TATA box
regido regulatéria regido codante

upstream = a montante
downstream = a jusante




TERMINO DA TRANSCRICAO

v’ o0 término das cadeias de RNA ocorre quanto a RNA polimerase encontra um sinal de
término, quando isso ocorre o complexo € liberado;

5'-CCCACAGCCGCCAGTTCCGCTGGCGGCATTTTAACTTTCTTTAATGA-3'

DNA:
3'-GGGTGTCGGCGGTCAAGGCGACCGCCGTAAAATTGAAAGAAATTACT-5'

/ \ Transcricao

Fita molde de DNA

RNA: 5-CCCACAGCCGCCAGUUCCGCUGGCGGCAUUUU OH-3'

RNA transcrito ‘ Dobramento rapido do RNA

c
U ¢
U G
G I c )
ammu Cadeiade RNA
c e .
RNA dobrado C 1 G dol?ra(:.Ia ajuda
G e o término da
c mn e -
cmme cadeia
G Il C
A A
5'- cccac UUUU OH-3'

Figure 11-13 Principles of Genetics, 4/e
© 2006 John Wiley & Sons



start of transcription

" o ACAO DOS FATORES DE

TBP TFIID

= - TRANSCRICAO
‘—.?"B.
.

(o)

“tail’ TFUF  other factors

___'\ Y I T}
(
.

RNA polymerase Il
. o0
i ﬂ.

il

(D) &

UTP, ATP
CTP, GTP

™

TRANSCRIPTION
Figure 7-12 Essential Cell Biology 3/e (© Garland Science 2010)



FATORES DE TRANSCRICAO

Proteinas que se ligam ao DNA de células eucaridticas para
permitir que haja uma ligacao entre a enzima RNA-
polimerase e o DNA, permitindo assim a transcricao. Qualquer
proteina necessaria para o inicio da transcricao, mas que nao
seja parte integrante do RNA polimerase.

Sequéncias regulatdrias x Reguladores transcricionais



PROCESSAMENTO DO RNA (TRANSCRITO) PRIMARIO
EM EUCARIOTOS

« 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 mRNA,
pronto para migrar para o citoplasma.

Transcription Start Poly(A) Signal

l |

LW\l 5’ cap 5 UTR | CodingRegion | 3'UTR Poly(A) tail

T T

Start Codon Stop Codon




PROCESSAMENTO DO RNA PRIMARIO

5"end do transcrito

: il i T
7-metilguanosina primario

] I
HO OH

//\\/,\‘\

. ‘|

|
CH .@@{E}— \”\/
o

5
CH,
(: \—//\
o N
N®

L ] OH
(1

5-5 ponte (p

Capeamento: @ trifosfato ( '\]

CH, \l/
**  Logo apds a transcricdo, ha a ligacdo de 7-metilguanosina ao |
primeiro nucleotideo 5’ do transcrito de RNA.

FUNCOES: . _
. Proteger o transcrito do ataque de exonucleases; \F
Facilitar transporte para citoplasma; }4
(

. Auxilia o encaixe dos ribossomos nho mRNA.




PROCESSAMENTO DO RNA PRIMARIO

Poliadenilacao:

/

%  Apds o término da transcricao — clivagem terminal do RNA;

s Adicdo de cerca de 200 residuos de adenilato (AMP)

FUNCOES:

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

. Facilitar a traducao.

10-30 <30
nucleotides nucleotides
[ 1 | |
- AAUAAA CA| GU-rich or U-rich
ICLEAMAGE
- AAUAAA CAOH| GU\-rich or U-rich
‘ degraded in
the nucleus
J Poly-A
J ADDITION
- AAUAAA CA[AAAAA ---AOH
~250

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



PROCESSAMENTO DO RNA PRIMARIO

1 31 iz 105 106 147
DNA N
1 t
Sitio de l Sitio poli(A)
Iniclacac

Adi';;]ﬂ‘ dD 5_! Cﬁp - R 3

RNA primario

Clivagem 3’ e adigao da

. + cauda poli{A)
Exon
t
. -~
IFrre Cauda poli{A)
=

=
5
=

m_"u:ppp JML,&]“ SpIiCing

Excisdao de
introns e ligagao
de exons

E

i

mRNA

Al

1 147



_— intron sequence

5’ exon 3’ exon
. I sequence »'H O:\—\ A sequence
Sequéncias especificas e snRNA (sma
“ P ( 5’ b «/ é 3
nucleolar RNA — pequenos RNA nucleares)
auxiliam junto a proteinas (RPN) na retirada do l
introns
OH A
5 m— \ E— 3
sequences required for intron removal
/_I_I u\ - l
—ww  portion of a lariat
- - YURAC ----YYYYYYYYNCAG i—— - primary transcript /
exon 1 intron exon 2
INTRON REMOVED A 3/
SOH
1 e 1 2 portion of +
e AGIG~ -— mRNA 5 3

exon1 exon2
Figure 7-19 Essential Cell Biology 3/e (© Garland Science 2010) Figure 7-20 Essential Cell Biology 3/e (© Garland Science 2010)



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
. .. Transcricao
Transcrito primario {} ° ¢

s“ Ep

{} {} {} {} {} 0 Processamento alternativo

Exon1 Exon 2 Exon 3 Exon4 Exon5

Exon1 Exon 2 Exon 3 Exon4

Exon1 Exon 2 Exon 3 Exon5

Familia de mRNA <

Exon1 Exon 2 Exon4 Exon5

Exon1 Exon3 Exon4 Exon5

J0330 @ rraducao

N\NNINNL
NS \SNTNS N\
NN

Isoformas de polipeptidios

085




SPLICING ALTERNATIVO GERANDO DIVERSAS PROTEINAS

DNA
RNA L
I Processamento alternativo ]
+
1 2 3 4 5 1 2 4 5 1 2 3 5
mRNA — e e B T

Proteina A Proteina B Proteina C



TRADUCAO

Processo altamente conservado no qual as proteinas sao
sintetizadas a partir dos moldes de mRNA com auxilio de RNA
estruturais.

Proteina em sintese

Subunidade malor

Aminodcidos

e " Subunidade menor



TRADUCAO

Interpretacao

AAGTCCTTTTAAATAAATAATTCTAGCTATATTTGCAAC
GTTOGAAAATTAGCTATTCTAATGTTATCGAAAGAAGAR
CACAGTTACTTAGTTTCTCGGCAAACTATATCAAAATGA
GAAGGTGAAAGAGTGGCATAATGATAAGCAAATCTGAAA
ATTTTTTGGTATAATAATCTTGATTGAAATTTGAATGGA
GTAGGCTTACCAAATGTTGGTAAATCAACCTTATTTAAC
ATTATCCTTTTGCGACTATTGATCCCAATGTTGGTATGE
GACAGAATTGATTACACCTAAAAAAACAGTTCCGACAAC
AAAGGTGCTTCTAGAGGGGAAGGTCTAGGAAATAARATTT
TTCATGTGGTACGTGCTTTTGATGATGAAAATGTCATGE
TCCTATAGCAGATATTGACACTATTAATCTTGAATTAAT
TATGCGCGTGTTGAAAAAATGGCACGAACTCAAAAAGAT
AAAAGATTAAACCTGTTTTGGAAGATGGGAAATCAGCTA
AGTTGTTAAAGGTCTCTTTTTATTAACAACTARACCTGT
GTTGCTAATCTAGATGGTATTGATTATGTCAAACAAATT
TAGTTGTTATCTCAGCGCGTGCAGAAGAAGAAATTTCAG
GEAAGCTATCGGTCTTACTGAATCAGGCGTTGATAAATT
GGAACCTATTTTACAGCAGGTGAAAAAGAGGTTCGTGCT
AAGCTGCTGGTATTATCCATTCAGATTTTGAAAGAGGTT

Colocar em outra linguagem!!

Met -Lys —Trp...

o
1

@ /.// /i

Laurel Cook Lhowe



CARACTERISTICAS GERAIS DA TRADUGAO

v Todos os RNAs mensageiros s3o lidos na direcdo 5’- 3’;

v" As cadeias polipeptidicas sdo sintetizadas da extremidade
amina (NH;) para a carboxila terminal (COOH) — ligacao
peptidica;

v A traduc3o é realizada nos ribossomos, com os RNA
transportadores como adaptadores entre o molde de mRNA
e 0s aminoacidos;

v'Cada aminodcido é especificado por trés bases (codon) no
MRNA — codigo genético universal.



CODON E ANTICODON

mRNA
lllllj’
ANTICODON —(AO©)

O 8
D—@®
=
O—@eee9%
S
@ (
=8 @
—@&
=
=—(G)

(HEEOE

ANMINO ACID #5



As aminoacil - tRNA sintetases:

Para que uma molécula de tRNA se ligue ao aminoacido correto sao
necessarias 20 enzimas diferentes que reconhecam, especificamente,
aminoacidos e seus tRNAs compativeis.

Cada enzima liga um aminoacido especifico a seu tRNA correspondente e é
capaz de reconhecer diferentes tRNAs para o mesmo aminoacido. Estas
enzimas ligam o aminoacido a hidroxila 3' livre da adenosina terminal do

tRNA.

LeuRS ProRS



amino acid

H H H
tryptophan
(tryptophan) | o |0 A
HzN —C—C ~ HzN —-_C —C ~ high_energy HzN —C —C ~
OH (RNA | Q _~bond | 0
| : (tRNA™™) CH, CH,
C C C
CF Qrcl:n @g“
N’ N” N“
H H H
5’
/ LINKAGE OF AMINO tRNA BINDS TO base-pairing
ACID TO tRNA ITS CODON IN RNA
tRNA synthetase 4 ¥
(tryptophanyl mRNA

tRNA synthetase) NET RESULT: AMINO ACID IS

Figure 7-29 Essential Cell Biology 3/e (© Garland Science 2010)



amino-acido
ligado Phe

! ’...

anticodon
-~/ loop

anticodon forma de trevo
(A) (B) (Q) (E)

5' GCGGAUUUAGCUCAGDDGGGAGAGCGCCAGACUGAAYAY CUGGAGGUCCUGUGT¥CGAUCCACAGAAUUCGCACCA 3’
| S|

(D) anticodon
Figure 7-28 Essential Cell Biology 3/e (© Garland Science 2010)



MAS O QUE E CODIGO GENETICO?




Segunda Posigdo

Fen Ser Tir
Fen Ser Ti
Leu Ser
Leu Ser
Leu Pro His
Leu Pro His
Leu Pro Gin
Leu Pro Glin
Ile Trn Asn
Ile Trn Asn
Ile Trn Lis
Met Trn Lis
Val Ala Asp
Val Ala Asp
Val Ala Glu
VAI Ala Glu

O CODIGO GENETICO E REDUNDANTE E
DEGENERADO!



Amino acid 3-Letter code 1-Letter code Codons

Alanine Ala A GCC, GCU, GCG, GCA

Arginine Arg R CGC, CGG, CGU, CGA, AGA, AGG

Asparagine Asn ™ AAU, AAC

Aspartic acid Asp D GAU, GAC

Cysteine Cvs C UGU, UGC

Glutamic acid Glu E GAA, GAG

Glutamine Gln Q) CAA, CAG

Glycine Gly G GGU, GGC, GGA, GGG

Histidine His H CAU, CAC

[soleucine lle I AUU, AUC, AUA

Leucine Leu L UUA, UUG, CUA, CUG, CUU, CUC
__Lysine Lys K AAA ARG

Methionine Met M AUG start codon -iniciador

Phenylalanine Phe F UuUG, UuU

Proline Pro P CCU, CCC, CCA, CCG

Serine Ser S UCU, UCC, UCA, UCG, AGU, AGC

Threonine Thr 1r ACU, ACC, ACA, ACG

Tyrosine Tyr Y UAU, UAC

Tryptophan Trp W UGG

Valine Val vV GUU, GUC, GUA, GUG

“Stop” rers — UAA, UAG, UGA |stop codon -terminador




AGA UUA AGC

AGG UuG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU GuUU UGA
Ala Arg Asp Asn Cys Glu GIn Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val stop
A R D N C E Q G H | L K M F P S T w Y Vv

Figure 7-24 Essential Cell Biology 3/e (© Garland Science 2010)

5’ 3

. 1|CUC||AGC||GUU||ACC|u
A Iertura —Leu Ser Val Thr—

correta do
cédigo 2&|UCA||GCG||UUA||CCA|H
genético pelo Ala

ribossomo é
. CU||CAG||CGU||UAC||CAU|
vitallll 2 .
ce e —GIn Arg Tyr His—

Figure 7-25 Essential Cell Biology 3/e (© Garland Science 2010)

Pro—

Leu

— Ser




PROCARIOTO

EUCARIOTO

SINAIS PARA O INiCIO DA TRADUCAO

Sequeéencia Codon de iniciacao
Shine-Dalgarno da traducao
mRNA —— 4
5'-AACACAGGAGGAUUAUCCAUGUCGACUCGTAU " 3'
i nem
VuUCCUCc
..v‘\)"w |_V_|4C(/4
3 Regidodo ®UUGGCGUCCAAGGGGGAUGCCAAS
16$ pareamento de término
rRNA bases

Figure 12-16 Principles of Genetics, 4/e
© 2006 John Wiley & Sons

(Sequéncia de Kozak)

5 - GCC(AouG)CC G -3




SINAL PARA O INICIO DA TRADUCAO EM
EUCARIOTOS

mRNA CAPS’
”Cédon de Término

3'"ORNNNNNNGCCRCCAUGG UGANNNNNNNNNAAAAAAAAAAAS'
{ﬁ Sequiéncia Codon de Iniciagao ‘A Cauda Poli-A
\ / de Kozak /

Iy

5'UTR 3'UTR

U



Varios
polipeptideos
auxiliam o inicio da
traducao!




START CODON E STOP CODON

Inicio: codon de iniciacao da sintese protéica
— AUG -

l

METIONINA

Terminacao: trés codons terminam a sintese protéica

— UAG - UAA - UGA -




START CODON E STOP CODON

+ Delimitam a regiao codante (regiao que é transcrita e traduzida!)

5’ UTR Regiao codante do gene
A \




TRADUCAO: INICIO E FIM

TTCATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGAC
AGTGTCGTCCTTTACGCACCGAATCCCTTTATCATTGAATTAGT
AGAAGAGCGATACTTAGGACGTCTTCGGATéFAATCTTGGTCCC
GTTGCCTGGAACGTCTTGAAACTGAATTCCCGCCAGAAGATGTT
CATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGACAG
TGTCGTCCTTTACGCACCGAATCCCTTTATCATATTGAATTAGT
AGAAGAGCGATACTTAGGACGTCTTCGGGAATTGTTATCCTATT
TCTCAGGAATACGTGAAGTAGTCCTTGCAATTGGCTCACGACCT
AAAACAACAGAACTACCCGTACCAGTAGACACTACAGGACGTTT
GTCTTCAACAGTCCCATTTAACGGAAATCTCGACACACACTATA
AcT{EEEIAATTTTGTTGAGGGACGAAGCAATCAACTCGCTCGT
GCTGCAGCTTGGCAAGCGGCACAGAAACCGGGAGACCGTACTCA
CAACCCTCTATTGCTCTATGGTGGGACTGGTTTGGGTAAAACCC
ATTTAATGTTTGCTGCAGGTAACGTAATGCGGCAAGTAAACCCA
ACTTATAAAGTAATGTATCTTCGTTCGGAACAGTTTTTCAGCGC
CATGATAAGAGCGTACAAGATAAAAGTATGGATCATAAGGGTAA




P sitio de
E sitio de saida ligacdao peptidil ) _
do tRNA aminoacil

A sitio de ligacdo

3|

Ala

Alanyl-tRNA

TRADUCAO
>

Figure 12-14a Principles of Genetics, 4/e
© 2006 John Wiley & Sons



TRADUCAO

INICIACAO ALONGAMENTO TERMINO

NHy*

DOBRAMENTO DE PROTEINAS



subunidade 405 @

Varios L
polipeptideos

auxiliam o inicio da
traducao!

varredura do — ..m

mREMA

@ —

—— 0 -
GDP 4G
N - CEED
@ O D
subunidade 605




P sitio de
E sitio de saida ligacdao peptidil ) _
do tRNA aminoacil

A sitio de ligacdo

3|

Ala

Alanyl-tRNA

TRADUCAO
>

Figure 12-14a Principles of Genetics, 4/e
© 2006 John Wiley & Sons



ribosomal
subunit

small
—— ribosomal
subunit

mRNA-

binding site
(€) (D)

Figure 7-32 Essential Cell Biology 3/e (© Garland Science 2010)



Met

tRNA iniciador

l Ligacao com o mRNA

MmRNA
AUG

Figure 7-35 part 1 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



mRNA
3!

Movimento até
encontrar ao
cddon AUG

Met

5!

Figure 7-35 part 2 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Fatores de iniciacao
dissociam-se da (

subunidade menor <

do ribossomo

’

Subunidade maior

Met do ribossomo se
| liga a menor
'\ E

5’ 3’

Figure 7-35 part 3 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Aminoacil-tRNa se
liga ao sitio A

5I 3'

Figure 7-35 part 4 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Primeira ligacao
peptidica entre os
aa

3I

Figure 7-35 part 5 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



E continuadamente....

growing polypeptide chain
step1 |

newly bound

H2N tRNA

ejected
tRNA

E-site P-site A-site

Figure 7-33 Essential Cell Biology 3/e (© Garland Science 2010)

SMALL SUBUNIT TRANSLOCATES ‘

STEP1

: newly-

o bound

HaN 4 @) _trNA
ejected tRNA
sl

Varios fatores controlam a continuag¢ao da traducao!



H>
ACC
ACUGGUAG UCG
5’ I
:Asn Ligagao do
@ | ‘T’P fator de
',/ 4 liberagdo no

H2N sito A

Figure 7-37 part 1 of 3 Essential Cell Biology 3/e (© Garland Science 2010)



¢ Terminacao

Figure 7-37 part 2 of 3 Essential Cell Biology 3/e (© Garland Science 2010)



AUGAACUGGUAGCGAUCG
5l S NNNNNN YNV YIYYY -

Figure 7-37 part 3 of 3 Essential Cell Biology 3/e (© Garland Science 2010)



Hairpin IRES
1

5" m/GpppN —ﬂ C— uoRF ORF O— N, ¥

Seguestered
elF2-elF2B complex

Translation blocked

MOLECULAR MECHANISMS
OF TRANSLATIONAL CONTROL

Fdtima Gebauer * and Maithias W. Hentze*

3’ Translation active



Interferéncia de microRNAs é comum em
complexos polirribossomicos!

805 ?
initiation
complex

435

pre-initiation

complex
Figure 6 | Translational control by micro RNAs. Micro RNAs (miRMNAs; shown in green)
engage in imperfect base-pairing interactions with the 3’ untranslated region (UTR) and cause
translational arest. At present, evidence indicates that this occurs in polysomal complexes after
the initiation of polypeptide synthesis.



5 rhossoros lendo o Cadeta . . Polipeptideo
meston FIA polipeptidica ﬁ completa
hascente
—-'-..#

secuenclalmente
cadaor
miciador
\
AUG

3" mBIMN&
Stop cadon

805

= Dlosirnento nbossdraco \

tRB L




QUEM VEIO PRIMEIRORNAOU O
DNA?




RNA-based systems

EVOLUTION OF RNAs THAT
CAN DIRECT PROTEIN SYNTHESIS

RNA and protein-based systems

'RNA — protein

EVOLUTION OF NEW ENZYMES
THAT SYNTHESIZE DNA AND
MAKE RNA COPIES FROM IT

present-day cells

Figure 7-46 Essential Cell Biology 3/e (© Garland Science 2010)

catalysis

Figure 7-45 Essential Cell Biology 3/e (© Garland Science 2010)



TABLE 7-4 BIOCHEMICAL REACTIONS THAT CAN BE CATALYZED

BY RIBOZYMES

ACTIVITY RIBOZYMES

RNA cleavage, RNA ligation self-splicing RNAs
DNA cleavage self-splicing RNAs
Peptide bond formation in ribosomal RNA
protein synthesis

DNA ligation in vitro selected RNA
RNA splicing self-splicing RNAs, RNAs of the spliceosome (?)
RNA polymerization in vitro selected RNA
RNA phosphorylation in vitro selected RNA
RNA aminoacylation in vitro selected RNA
RNA alkylation in vitro selected RNA
C-C bond rotation in vitro selected RNA

(isomerization)

Table 7-4 Essential Cell Biology 3/e (© Garland Science 2010)



VISUALIZANDO O PROCESSO...

http://www.youtube.com/watch?v=9831hh20rGY&feature=related
http://www.youtube.com/watch?v=-ygpqVr7_xs&feature=related

http://www.biostudio.com/demo freeman protein synthesis.htm

http://www.youtube.com/watch?v=DcCnmPeutP4



http://www.biostudio.com/demo_freeman_protein_synthesis.htm
http://www.youtube.com/watch?v=DcCnmPeutP4

ESTUDO DIRIGIDO

1. Definicao de gene e suas regioes;
2. Diferenca na estrutura dos genes de eucariotos e procariotos;
3. Regidao promotora e sua importancia para a transcricdao em eucariotos e

procariotos;
4.Processamento do RNA mensageiro

5.Componentes da traducao;
6.Caracteristicas gerais da traducao;

7.Codigo genético;




